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Abstract

Evening primrosedenothera biennis L.) is native to North America, belongs to Onagraceae faanilgis a
biennial plant. This experiment was performed as factorial basedloompletely randomized design in three
replications. The main purpose of theudy was to evaluate the effect of moishilling and GAon seed
germination andlower induction of eening primroseThe seeds were soakeddistilledwater for 30 min,
and treated withseven levels of moisthillingperiod (0,10, 20, 30, 40, 58nd 60 daysand were kept in 2
4°C in refrigerator conditions. At the end @dy 60half ofthe seeds werdreated with 500 ppm G#solution
for 24 hours. After thatboth groups were planted in pots witlthree replicationsto see the plant
reproductive response Simultaneouslthe same seeds were plantedRetri dishes with three replications
for seed germinationGermination was controlled evetiiree days and seed germination test was ddoe
15days.Sedling characteristeweremeasuredat the end of germination test.d®ults showed that moist
chilling and GA significantly influenced th seed germination percentage. The highest germination
percentage was observed in a combination of 20 days rubidling conditions and 500 ppm @A&Rootlet
length increased whileoist-chillingwasincreased fronl0 to 30 daysBy increasing moisthilling to 40- 60
days,rootlet lengthdecreasedinexpectedlyCombination of moisthilling and GAdid not influence flower
stem production and seed yieklgnificantly On the other hand, the earliest flower stem productioasy
observed in seedfreated with moist chilling for 40 and 60 dayBo guaranty flower stem production of
spring sowing evening primrose in the areas with warm winseeds are strongly recommended to be
treated with moist chilling for 40 days at°C.
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Introduction

Evening primrosedenothera biennis L.) is a can be cultivateds an annual plant (Ghasemnezhad
biennial plant belongpgto Onagraceae family, which and Honermeier, 2007). This plamhichis native to
North Americahas existedsincenearly 70000 year
*Corresponding ahuthof - d@hotmai ago in Mexico and Central America and ldsng
g;‘;’:f:i’f;'ﬂigzoaf; mnajad@hotmail.com history as a medicinal plant (Hall et,al988;
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America to Europe around 200 years d8ekeroglu
and Ozguven, 2005). Evenipgmrose was used to
feed livestock nearly 100 years ago during drought
and famine in North of China (Deng et 2001). It is
cultivated as an oil seed crop for production of
gamma linolenic acid, a rare fatty aci@reiner and
Kohl, 2014).As a commercl mediénal plant, its
seed oil is used in pharmaceutical industries,
nutraceutical, cosmetiand feed sectors (Rodrigues
et al, 2015; Ghasmnezhad and Honermeier, 2012).

Gamma linoleic acid is very important in
pharmaceutical and nutritionahdustries(Sohrabi et
al,, 2017). The common components in all parts of
Oenothera biennis arefatty acids, phenolic acigdand
flavonoids. Alsp the seed contains protein,
carbohydrates, mineraJsand vitamins (Timoszuk et
al.,, 2018). The seed oil content varieadifn 20-30%
depending on different factors including seed age,
plant cultivar and growing conditions (Christie,
1999). The fatty acids profiles of mature seed
contains linoleic acid (705%)of the oil andgamma
linoleic acid (8.0 t®.9%) (Fieldsend and Meon,
2000).

Seed germination is a vempnport and vital
stage for mostplants. The physiological process of
seed germination depends on several environmental
factors such as temperature, water, light, nutrient
and smoke (Shaban, 2013). Temperature had
significant influence on rate and percentage of seed
ger mi nat-Kp s mg rsav 20&5). & has a |
been show that low temperature (4C) inhibited
seed germination in cotton plant (Barpete et,al.
2015). In seed production prograthe information
and evaluation of seed quality after harvesting is
important (Vieira et al. 2002). Low germination
encountersevening primrose industrial cultivation
(Hafez et al. 2013). Nonruniformity in the seed
germination of evening primrose is alsa big
problem in its  commercial cultivation
(Ghasemnezhad, 2007). Irevening primrose,
germination characteristics are more important than
weight or seed quantity (Mihulka et aR003). On
the other hand to have annual culture of evening
primrose, coldtemperature at the end of winter
playsanimportant role. If the late planted seed do
not receive enough cold temperature, flowering
stem formation does not occur (Sohrabi, 2017has
been showm that in persimmon seesltreated with

1CG%-= Capacity of germination, NGG= Number of germinated seeds,
NTG= Total number of seeds tested

moist-chilling for 4to 8 weeks at 5C, germination
percentage wasincreased from 51.2% to 97.2%
while non-moist-chilled germination percentage was
22.6% (EDengawy and Hussein, 2014he present
investigation was done to see the interaction effect
of moistchilling and giberellic acid application on
evening primrose seed germination and plant
flowering homogeneity.

Material and Methods

This experiment was performeaks factorial
based on completely randomized design three
replications. Treatments included moishilling at
seven levels (0,10, 20, 30, 40, &@d 60 daysand
GA at two levels (0 and 500 ppm)Seeds were
soaked with distilled water for 30 mihe soaked
seedswere kept in two layers of wet filter pper in
Petridishesandwerestored inarefrigerator (24 °C).
To prevent drying the seeds, theetri dishes were
carefully closed by parafilm, seed samples were
prepared as described andvere placed in a
refrigerator. At the end of dag0seed samfes were
divided into two parts. Hif of the seedsvere treated
with 500 ppm GAsolution for 24 hours andhe
other half wereplanted without extra treatments.
After that, both groups were planted in pots in three
replications. Simultaneouslyhe same seeds &re
planted in Petrdishes with three replication® see

the effect of moistchiling and GA on seed

germination charactastics. Finally, the influence of
moistchilling and GA on seed germination,
flowering stem productionand seed yield of evening
primrose planswereinvestigated. Seed germination
test was done in a period of 18Hays and the
germination was controlled eadh verydays (from
20 April to 5 May,2018). Each treatment was
repeated three times aseplication wth 100 seeds
per Petri dishes (Fig. I).e@nination rate and
germination speed were calculated as follows
(CheboutiMeziou et al 2014):

CG%= (NGG/NHG 100
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Fig I. Experimental seed&); grmination beginnindgb); germinated seedgc)

Table 1
Analysis variance of the effect of moishilling and GAon seed germinatiompercentage and seedlintharacteristic®f evening
primrose
Germination Stemlet L Rootlet L Seedling L Fresh W Dry W

GA 0.597 0.028 0.176 0.674 0.296 0.512

Cold 0.514 0.002 0.002 0.003 0.427 0.255

ColdxGA 0.016 0.328 0.329 0.098 0.516 0.081

LSD GA ns 0.072* ns ns ns ns

Cold ns 0.134* 0.171* 0.204* ns ns

ColdxGA 9.65* ns ns ns ns ns

L: Length; W: wight

V=NGG/A

At the end of germination period, parameters
including stemlet, rootletand seedling lengths as
well as fresh and dry weights of seedlingergv
measured for each treatment~or each treatment,
six seedlings were measured randomly for fresh and
dry weights Fresh weiglt of seedlings were
recorded usin@digital scale with accuracy 6f0001

g. Then it was dried iran oven at 75° C for 48 h.
Afterwards,the dry weighs wereobtained. Fig (l)
shows an overviewf the seed germination test.

Results

Moist-chilling and GA significantly
influenced seed germination of evening primrose
(Table 1). The highest germination percentage was
observed in seed samples whialere incubatedfor
20 days under moisthilling conditions and treated
with 500 ppm GAsdution. On the other hand, the
lowest germination rate was observed in seed
samples kept for 10 days under moist chilling
conditions and treated with GA No significant

2V=gspeed of germination, NG&number of germinated seeds=fimes
of germination (days)

interaction effect of moisthiling and GA was
observed onthe length of rootles, gemlets, and
seedling as well as the fresh and dry wegybf
seedling. The longest stemlet was reatsd in the
seedlingstreated with 60 days moisthilling. As
moist-chilling treatment increased from 10 to 30
days,so did the rootlet length. Significadecrease
in lengths was observed in seedligreated with
moistchillingbetween40and60 days.

Interaction effect of moist-chilling and GAs on
seed germination percentage

Statistical analysis showed that the
interaction between moisthilling and GAon seed
germination percentage was variedlhe seeds
treated for 10 days of moisthilling had the highest
percentage of germination. On the other harnte
seeds which were treated with GAndwerekeptfor
20 days undemaoist-chilling conditions showethe
highest seed germination percentaded. I).

Effect of moist-chilling on stemlet length
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According to tle analysisof variance(Table
1), moistchilling affected significantlgtemlet length
of evening primrose seedlisg In this casgthe
length ofstemlet was better influenced by 60 days
moist-chilling than the 50, 40, 30, 28nd 10 day®f
treatment. Besides, no significant difference was
observed between control seeds and and those
treated with moistchilling for 50, 40, 30, 20, and 10
days. In &ct, the seeds treated with less moist
chilling preiod had short stemlet length as can be
seen in (Fig. ILIAIthoughGA solution was expected
to affect the stemlet lengthG A at the concentration
of 500 ppm did not have any significant effecttbe
stemlet lengthas compare withthe controlin this
study:.

Effect of moist-chilling on the rootlet length

Results of variance analysis showed that
moist-chilling significantly affectedootlet length of
evening primroseThe seeddreated with 30 days
moist-chilling showed improvedootlet length. The
seeds receivinghoist-chillingconditionsless than 30
days (10 and 20 days) were not different from the
control. Alsgthe seed treated with 40, 5Q and 60
days moistchillingwere not differentfrom control
asshown in(Fig. 1. In thisstudy, GA at 500 ppm
had no significant effeain rootlet length of evening
primrose seedling. Also, wWen moistchilling
increased from 10 to 30 days, rootlet length
increased. Furthermore,ybincreasing motschilling
to 40- 60 daysrootlet lengths decreased.

Effect of moist-chilling on seedling length

Analysis variance othe obtained data
showed that moist-chilling treatment significantly
influenced the length of seedlisg The highest
seedling heigrgwere observed in seeds which were
treated with 30, 40and 50 daysnoist-chilling There
was no significant diérence between seedseated
with 60, 2Q and 10 days moisthillingand control

sampleqFig. V.

Evaluation of rate and

germination speed

germination

Moist-chilling and GA solution with 500
ppm concentrationsignificantly affected theseed
germination percentage. The germination process
was evaluged daily. Germination percentage in

seeds treated with moisthilling was 91.2%. Also,
the seeddreated with GAat 500 ppm concentration
showed90.4% germination. On the other hand, for
moistchilling and GAthe germinationrates were
10.1 and 9.082 pettay, respectively

Effect of moist-chilling and GAsonflowering
stem production and seed yield

While seed yield was not influenced by
moist-chilling Eig. VI, the time needed for flower
stem production from seed sowing was significantly
affected by the period of moisthilling. As figures
(V) and (VII) show, flower stem and subsequently,
seedproduction werenot observedn control plants.

Germination ratefor control (0 days moist
chilling) was 80%after three days,83.3% after 6
days 85% after 9 daysand 0% (no germinatior) 12
days after planting (Fig. VIII). The setdated with
moist-chilling for 10 days had the highest
germination rate (98.3%) after 3 daymd 100%
after 6 days (Fig. )X Moist-chilling for 20 days
resulted in 86.7% seed germination, 90% after 6
days,and no germination was recordesdter day 20
(Fig. X In the seeds treated with moisthilling for
30 days, 91.7% germination was recorded 3 days
after water imbibition followed by an increase to
93% germination durinthe next three daysvith no
further increasetill the end of experiment (Fig. XI).
Asseen inFig. (Xll)when the seeds were treated
with moist-chilling br 40 days, 85% germination
occurred three days after water imbibition and no
germination was observed till the end of experiment.

The seeds treatedith 50 days moisthilling
showed 93.3% and 95% germination after 3 &nd
days,respectively which was followed mo further
germination (FHg. Xll). Similar to the other
treatments, in the seeds which were treated with
moist chillingfor 60 days, the maximum germination
(93.3%)was observediuringthe first 3 days of test
and no germination was observed until the end of
experiment Hg. XIV. According to
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the statistical resuls, moistchilling at 4 Cfor 10 days
had a more pronounced effecbn seed germination
percentage. The differentiationin germination
between different moistchilling treatments waslue
to the age of seed maturity andeed quality. It is
therefore recommendedto use seeds from one
capsule to evaluate the effect of moisthilling
duration on seed germination percentage.

As the seeds were planted iRetri dishes,

the germination process was evaluated every three

days for all samples.For corrol (500 ppm)
gibberellic acid solutiomppliedafter 3 days, 86.7%

germination was observed and after 6 days, 91.7%

seeds were germinateafter whichno germination
was seenKig. XY. The seeds were treatedith 10
days moistchilling and 500 ppm GAolution ater
three days showed 81.7%ermination which was
then stopped and no germination was adrsed till
the end of the experimen(Fg. XV). On the other
hand the seedghat received 20 days moistilling
and were treated with 500 ppm GA showed 95%
germination(Fig. XV}l Furthermore, aound 83.3%
of the seed germinatedvhen treated with 30 days
moist-chilling and 500 ppm GAolution after which
no further germinationoccured (Fig. XV The
germination of seed samples which weresdted
with a combination of moiscthilling for 40 days and
500 ppm GA was 88.3%three days after water
imbibition and at the next three days the

germination percentage reached to 91.7% and

eventuallystopped FHg. XX). Asseen inHg. XX when
moist chiling reached 50 dayghe seeds treated
with 500 ppm GAshowed 88.3% germination during
the first three days of experiment andfter that,

germinationdid not increase. The seeds treated with

60 days moisthilling and 500 ppm GAshowed
91.7% germinatiorand after sixd a ygsrinination

reached 93.3% before it eventually stopped (Fig.

XX). The combination of moisthilling and GAnot
only reduced the timeof germination from seed

planting, but also increased the germination
percentage and reduced the dation of
germination.
Discussion

Moist-chilling and GA had positive

influences on seed germination percentage of
evening primrose. Similar findings were reported by
Keshtkar et al. (2009) dterula assa-foetida L. seeds

where the highest germinatiorpercentage was
observed (52%) after treatment with philling and
250 ppm GA Also, the highest seed germination
(72%) of Prangos ferullacea seeds was observed
under the treatment of 1000 ppm GAand pre
chilling the while control seeds did not germiralt
hasbeen shown that treating seeds odrbutus unedo
plant along with one month at 3 to°6 temperature
and 2000 ppm GA significantly improved the
germination percentage (Pipinis et,&017). Rouhi
et al. (2005) reported that cold temperature and{s
positively affected the seed germination of
Amygdalusscparia plant.

The same resudt were reporéd in Ferula
ovina Boiss Amoozghaie, 2009).e8d of ferula
treated by moistchilling for six months and soaked
in 500 ppm GAfor 24 hours before planting were
demonstrated to have not only improved
germination but also reduced the time of
germinationcompare with control seesl The best
treatment was four and six week moishilling
followed by soaking in 500 ppm &for 24 haurs.
These treatmerd had positive influence on
germination percentage and decreased the time to
50% germination compared tthe control. $milar
study was performed by Parnin et al. (2015) on
Juglansregia L. who recorded thehighes seed
germination in smplestreated with moist chilling
for two months andhen treated with400 ppmGAs.
When the seeds ofThymus satureioids and
Lavandula dentate were treated with GA their
germination percentagsignificantly increased. The
seeds ofThymus satureioids treated with 50 ppm
GA solution showed an increadsy 27% compared
to the control, andthe seeds ofavandula dentate
treated with 1000 ppm G#solution hal maximum
germination of 67% compared tothe control
(Chetouani et a)2017).

Patel and Mankad (2014pund that GA
solution had a positive influence on seed
germination percentage ofTithoniarm tundifolia
Blake. In the seeddsreated with 500 ppm GA
maximum effect was observed on germination
percentage. Stratified seasf Acer pseudoplatanus
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L. with GA were shown to have improved
germination rate (Stejskalova et @015).Seeds of
Pinus ponderosa plant stored in ambient conditions
for three and four years at 9° C and then treated
with pre-chilling for 21 and 60 days showed 34% and
62% germination, respectively (Pasquini and
Defosse, 2012).

In this study statistical analysis showed that
the interadion between moistchilling and GAon
seed germinatiompercentage was effectivéleziou
et al. (2014) reported that mechanical scarification
and cold treatment of pistachio seed at® £
increased the seed germination percentage up to
70% in a period of 3@ays.Ghildiyal et al. (2009)
found that the germination rate and germination
percentage ofPinus roxburghii were improved by
moist-chilling. Ren et al. (2008)udied the effect of
GA concentratiors (5001000 mg/L) on three
Pedicularis species followedy 1530 days at 4 C
resulted inthe highest germination percengge.
Nevertheless it was founthat the effect of moist
chilling treatment alone was similar tothe
interaction effect of moisthiling and GA
treatment.

According to tle analysiof variance, moist
chilling effected significantly the stemlet length in
evening primrose seedlisg However, GA
application did not affecseedling lengthin these
plants. On the contrary, Akhtar et el. (2008f)owed
that application ofLO ppm GAsignficantly affected
germination percentage, rootlet length and
number of leaves iSpinacea oleraceae L. Fetouh
and Hassan (2014) reported that, cold stratification
(5° C) for 90 dayincreased the shoot heighn
Magnolia grandiflora L. plans. Gibberellic acid at
the concentration of 500 mg/L had positiedfect
on stemlet length of Curcuma alismatifolia
(Khuankaew et al. 2008). AldRouhi et al. (2005)
reported that a combination of GA and low
temperature ? C did not positivelinfluencerootlet
length of Amygdalus scoparia plant compared with
the plants treated with low temperature alone
Borowski and Michalek (2014gported that low
temperature reduced germination percentage,
germination velocityand rootlet length of soy bean
seeds. Ranzi et al. (2013) showed thatow
temperature reduced seed germination percentage
rate, vigor index,and shoot and root length of
Sorghum bicolor L. On the other hash growth index
as well as the ratio of root length to shoot length
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increased. Low temperature reduced the angel
between the primary lateral roots and reduced root
activity and volume imBrassica napus L. andZea

mays L plants (Nagel eal. 2009) Several studies

have shown that the moisthilling decreased the
rootlet length of plants.

Analysisof variance of data showed that
moist-chilling treatmentsignificantly influenced the
length of seedling Similarresults were reported by
Fetouh and Hassan (2014)\Mugnolia grandiflora L.
plant. They showed that cold stratification°(G) for
90 days increased the seedling length of the plant.
Sincik et al. (2004) reportethat low temperature
reducedmaximumgrowth, root development, yiel,
and seedling weight of pea plant

Low temperature is a limiting factor for s
germination and plant growth. For examplgS C
treatment had a negative influence on seed
germinafon and reduced seedling length afrésh
and dry weighs of Elymusnutans Guriseb plant (Fu
et al, 2017). GA at 250 mg/L concentration
significantly improved the seed germination of
Loguat, when the concentration of GAwas
increased ¢ 300 mg/L, germination ratdecreased,
but the length of shoot and root of seedliag
increased (Muhamad, 2013). Meziou et al. (2014)
reported that, mechanical scarification and cold
treatment of pistachio seeslat 4° C increased the
seed germination percentage up to 70% in a period
of 30 days.

Sohrabi et al. (2017) reported that low
temperature and GA significantly influencedhe
flower stem production of evenm primrose. Low
temperature reduced the floweing time in onion
before it produced bulls (Fukuda et e). 2017).
Treatment of garlic bulkvith low temperature (4 C)
for two months significantlyinfluenced production
of flower ¢em (Kaur and DhylR017).

Nasiri et al (2017) reportethat one month
moistchilling treatment at 4 C increased
germination percentage to 24.7%hile the data for
control plants was 6.2% two generaof chamomile
and tansies plarst Amini et al. (2015) found thetet
and dry prechilling at 4 C for 45 daypromoted
Setaria glauca seed germination. When the seed of
Pedicularis olympica BoissWere treatedwith moist
chilling at 4 C for 15 days/5% seederminationwas
recorded (Kirmizi et a).2010. Zadeh et al. (2015)
reported that 250 mg/l GA with 10 days moist
chilling at 8 Csignificantly increased germination

percentage ofchinacea purpurea cv. Magnus plant.
SayyadAmin and Shahsavar (2018) falthe same
result and the maximumgermination percentage
was observed at 250 mg/l Géoncentration with 70
days stratification at 4° C inDiospyros lotus plants.
Stratification at 8 C for 21 days andubsequent
treatment with 100 mg/l GA solution accderated
the germination percentage oAlstroemeria ligtu
hybrid seeds (Nasiri et al2013). ForPedicularis
species 1530 days stratification at 4 C and
treatment with 500-1000 mg/l GA solution, the
highest germination percentage was observed (Ren
and Gaun, 2008).Also, 25 ppm GA treatment
increased seedgermination percentage oftrica
australis plant (Vera et al.2010) and irPedicularis
olympica, 250 ppm GAresulted inseed germination
64% (Kirmizi et al. 2010). Naikawadi et al. (2012)
reported that treatmentwith 5.00 mM GAfor 36 h
increased the germination percentage Bfolvulus
alsinoides plant. Seven days moishilling with 400
ppm GA concentration at 15 C inScrophularia sp
led tothe highest gamination percentag€Hosseini
et al, 2018). The combination of moishilling and
GAsnot only reduced the timef germination from
seed planting, but also increased the germination
percentage and reduced the duration of
germination.

Conclusion

Moist-chilling and GAhave a main rolein
removing chilling requirement othe biennial plant,
evening primroseWe found that moistchilling and
GA solution had positive influense on seed
germination percentage of evening primroddore
specfically, only moistchilling was observed to
improve flowering stem productionSuitable tine
for changing from the rosett® generative situation
is 40 days moisthilling at 4 C for evening primrose
plant. Moist-chilling treatment acceleratk the
germination procesi the studyand the majority of
seedsgerminated after thre days andhe highest
the and lowest germinationpercentage recorded
were 98%and81%, respecively
References

Akhtar, N., M. Ibrar and N. Aman. 2008. 'The
effects of different soaking times and
concentrations of GAon seed germination and



Seed germination in evening primrose under moist-chilling and GA3

growth of Spinacia oleracea L. Pakistan.
Journal of. Plant Sciences, 14 (1): 913.

Amooaghaie, R. 2009. 'The Effect Mechanism of
Moist-Chilling and GAon Seed Germination
and Subsequent Seedling Growthrefilaovina
Boiss. The Open Plant Science Journal, 3: 22-28.

Barpete, S., M.C.Oguz, S. F. Ozcan, E. Anayol, H. A.
Ahmed, K. M. Khawar and S. Ozcan. 2015.
'Effect of temperature on germination, seed
vigor index and seedling growth of five Turkish
cotton (Gossypium hirsutum L.)
cultivars. Fresenius Environ Bull, 24:25612566.

Blumenthal, M., T. Hall, A. Goldberg, T. Kunz, K.
Dinda, J. Brinckmann and B.
Wollschlaeger.2003. The ABC Clinical Guide to
Herbs. 2003American Botanical Council, Austin,
Texas, USA. First Edition.

Borowski, E. and S. Michalek. 2014.'The Effect of
Chilling Temperature on Germination and Early
Growth of Domestic and Canadian Soybean
(Glycine max (L) Merr.) Cultivars Acta
Scientiarum Polonorum, Hortorum Cultus,13(2):
31-43.

Chebouti-Meziou, N., A. Merabet, Y. Chebouti, F.Z.
Bissaad, N. Behidj-Benyounes and S.
Doumandji. 2014. 'Effect of cold and
scarification on seeds germination 6fstacia
atlantica L. for rapid multiplicatioh Pakistan
Journal of Botany, 46 (2): 441446.

Chetouani, M., I. Mzabri, A. Aamar, A. Boukroute,

N. Kouddane and A. Berrichi. 2017. 'Effect of
gibberellic acid (A& on the germination of
seeds ofThymus satureioides L andLavandula

dentata.! Journal of Materials and

Environmental Sciences, 8 (3): 942948.

Christie, W.W. 1999. 'The analysis of evening
primrose oil. Industrial Crops Products, 10 (2):
73-83.

Deng, Yu-C., Hui-M. Hua, J. Li and P. Lapinskas.
2001.'Study the cultivation and uses of evening
primrose Qenothera spp.) in China Economic
Botany, 55 (1): 8392.

El-Dengawy, E. R.F. and A. A. Hussein. 2014.'The
effects of treating persimmonDjospyros lotus)
seeds with moisthilling and growth regulators
on seeds germination, the subsequent seedling
characters and their induced drought
toleranceé. |0SRournal of Agriculture and
Veterinary Science, 7 (9): 4553.

| 2939

Fetouh, M. I. and F. A. Hassan. 2014. 'Seed
germination criteria and seedling
characteristics oMagnolia grandiflora L. trees
after cold stratification
treatments. International Journal of Current
Microbiology and Applied Sciences, 3(3): 235
241.

Fieldsend, A. F. andJ. I. Morison. 2000. 'Climatic
conditions during seed growth significantly
influence oil content and quality in winter and
spring evening primrose cropsOdnothera
spp.). Industrial crops and Products, 12(2): 137
147.

Fu, J. J., ). Liu, L.Y. Yan andY. J. Miao. 2017.'Effect
of low temperature on seed germination, early
seedling growth and antioxidant systems of the
wild Elymus nutans Griseb. Journal of
Agricultural Science and Technology, 19 (5):
11131125.

Fukuda, M., Y. Yanai, Y. Nakano and T. Higashide.
2018.'Differences in vernalisation responses in
onion cultivars The Journal of Horticultural
Science and Biotechnology, 93(3): 316322.

Ghasemnezhad, A and B. Honermeier. 2007. Seed
yield, oil content and fatty acid composition of
Oenothera biennis L. affected by harvest data
and harvest methodindustrial Crops Products,
25: 274281.

Ghasemnezhad, A. 2007.'Investigations on the
effects of harvest methods and storage
conditions on yield, quality and germination of
evening primrose@enothera biennis L.) seeds
(Doctoral dissertation, Universitésbibliothek

Giessen). 88.
Ghasemnezhad, A. and B. Honermeier. 2012.
‘Effects of Nitrogen and Pidarvest

Desiccation on Seetfield and Oil Quality of
Evening  Primrose Oenothera  biennis
L.). Journal of Medicinal Plants and By-
products, 1:61-65.

Ghildiyal, S. K., C. M. Sharma and V. P. Khanduri.
2009. 'Effect of presoaking and prehilling
treatments on seed germination ofPinus
roxburghii ~ provenances from  western
Himalaya, IndiaJournal of  Forestry
Research, 20 (4): 323330.

Greiner, S. and K. Kohl. 2014.'Growing evening
primroses Qenothera)'. Frontiers in plant
science, 5(38): 112.



2940 Iranian Journal of Plant Physiology, Vol (9), No (4)

Hafez, R. F., Z. Shahabzadeh, B. Heidari and M.
Ghadimzadeh. 2013. 'Investigation of the
efficiency of direct and indirect regeneration in
evening primrose@enothera biennis)'. Journal
of Crop Science and Biotechnology, 16 (4): 291
296.

Hall, I. V., E. Steiner, P. Threadgill andR. W. Jones.
1988. 'The Biology of Canadian Weeds: 84.
Oenothera biennis L.! Canadian journal of plant
science, 68 (1)163-173.

Hosseini, M.N., M.H. Naeimi and M. Oveisi. 2018.
'Study of seedling establishment and
phenological stages o$crophularia striata a
medicinal plant in Iran Acta Scientific
Agriculture, 2(3): 0209.

Kaur, Y. and R. K. Dhull. 2017. 'Effect of
vernalization on flowering and true seed
production behaviorof garlic Allium sativum)
under North Indian plaifis Indian Journal of
Agricultural Sciences, 87 (11): 154158.

Keshtkar, H. R., H. Azarnivand andH. Atashi. 2009.
'Effect of prechiling and GAon seed
germination offerula assa-foetida and Prangos
ferulacea'. Seed Science and Technology, 37 (2):
464-468.

Kirmizi, S., G. Giileryiiz, H. Arslan andF. S. SAKAR.
2010.'Effects of moist chilling, gibberellic acid,
and scarification on seed dormancy in the rare
endemic Pedicularis olympica
(Scrophulariacea&)Turkish Journal of
Botany, 34(3): 225232.

Mihulka, S.,P. Pysek and J. Martinkova. 2003.
'Invasiveness of Oenothera congeners in
Europe related to seed characteristic®lant
invasions: ecological threats and management
solutions. Backhuys Publishers, Leiden,213-225.

Muhamad, S. and N. Al-Hawezy. 2013.'The role of
the different concentration of GA3 on Seed
Germination and Seedling Growth of Loquat
(Eriobotrya japonica L.). Journal of Agriculture
and Veterinary Science, 4 (5): 0306.

Nagel, K. A., B. Kastenholz, S. Jahnke, D.
Dusschoten, T. van.Aach, M. Muhlich, D.
Trugn, H. Scharr, S. Terjung, A. Walter and U.
Schurr. 2009.'Temperature responses of roots:
impact on growth, root system architecture and
implications for phenotyping Functional Plant
Biology, 36: 947959.

Naikawadi, V.B., M.L. Ahire and T.D. Nikam 2012.
'Seed characterization, viability and promotion

of seed germination in nervine tonic plant
Evolvulus alsinoides Linr. Asian Australasian
Journal of Plant Science and
Biotechnology, 6(1): 511.

Nasiri, M., A. A. Jafari, M. A. Alizadeh and S. R.
Safavi. 2018. 'Effect of moist chilling treatment
on seed germination of 7 species Afithemis
and Tanacetum preserved in medium storage
condition in Natural Resources Gene Bank,
Iran'. Iranian Journal of Seed Science and
Technology, 7(1): 223232.

Nasri, F., N. Ghaderi, J. Mohammadi, S. N.
Mortazavi andS. M. Koshesh. 2013.'The Effect
of Gibberellic Acid and Stratification on
Germination of Alstroemeria A(stroemeria
ligtu hybrid) Seed Undetn Vitro and In Vivo
Conditions. Journal of Ornamental Plants,4(3):
222-228.

Nishiura, A., S. Kitagawa, M. Matsumura, Y.
Kazama, T. Abe, N. Mizuno, S. Nasuda andK.
Murai. 2018.'An earlyflowering einkorn wheat
mutant with deletions of PHYTOCLOCK 1/LUX

ARRHYTHMO and VERNALIZATION 2 exhibits a

high level of VERNALIZATIONefpression
induced by vernalizationjournal of plant
physiology, 222 2838.

Parvin, P., M. Khezri, I. Tavasolian andH. Hosseini.
2015.'The effect of gibberellic acid and chilling
stratification on seed germination of eastern
black walnut {uglans nigra L.). Journal of Nuts,

6 (1): 6776.

Pasquini, N. M. andG. E. Defosse. 2012 Effedts of
storage conditions and prehilling periods on
germinability of Pinus ponderosa seeds from
Patagonia, ArgentinaBosque Studio,33 (1): 99
103.

Patel, Ruby G. and U. MankadArchana. 2014.
'Effect of Gebberellins on Seed Germination of
Tithonia rotundifolia Blake. International
Journal of Innovative Research in Science,
Engineering and Technology, 3 (3): 10680
10684.

Pipinis, E., A. Stampoulidis, E. Milios, K. Kitikidou
and K. Radoglou. 2017. 'Effects of cold
stratification and GA3 on germination of
Arbutus undo seeds of three
provenances African Journal of Traditional,
Complementary and Alternative Medicines, 14
(1): 318323.



Seed germination in evening primrose under moist-chilling and GA3

Razmi, Z., R. Hamidi and H. Pirasteh-Anosheh.
2013.'Seed germination and seedling growth of
three sorghum forghum bicolor L.) genotypes
as affected by low temperaturésnternational
Journal of Farming and Allied Sciences, 2 (20)
851-856.

Ren, Y. Q. and K. Y. Guan. 2008.'Effectsof moist
chiling and GA3 applications on seed
germination of three Pedicularis species from
Yunnan, Chinaseed Science and
Technology, 36 (1): 225229.

Rodrigues, R., I. C. Costa, F. B. Almeida, R. A. S.
Cruz, A. M. Ferreira, J. C. T. Vilhena, A. C.
Florentino, J. C. T. Carvalho and C. P.
Fernandes, C. P. 2015. 'Development and
characterization  of  evening primrose
(Oenothera biennis L.) oil Nano emulsion's
Brazilian Journal of Pharmacognosy, 25. 422
425.

Rouhi, V., A. Ranjbarfardooei and P. Van Damme.
2003. ‘'Effects of gibberellic acid and
temperature on germination ofAmygdalus
scoparia Spech seeds. Options
Méditerranéennes, Série A, 63: 397401.

Sari¢-Krsmanovié, M., J. Gaji¢-Umiljendi¢, L.
Santri¢ and L. Radivojevié¢. 2015. 'Impact of
storage conditions on seed germination and
seedling growth of wild oatAyvena fatua L.) at
different temperatures. Pesticidi i
fitomedicina, 30 (4): 243248.

Sayyad-Amin, P. and A. R. Shahsavar. 2018.
'Improvement of Seed Germination of Date
plum (Diospyros lotus L.) by Physical and
Chemical Treatmentsiournal of Chemical
Health Risks, 8(4): 329334.

Scott, S. J., R. A. Jones and W. A. Willinams. 1984.
'Analysis methods for seed germinatloGrop
Science, 24 (6): 11921199.

Sekeroglu, N. and M. Ozguven. 2006. 'Effects of
different nitrogen doses and row spacing
applications on yield and quality dfenothera
biennis L. grown in irrigated lowland and
unirrigateddry land condition& Turkish journal
of agriculture and forestry, 30 (2): 125135.

Shaban, M. 2013."Effect of water and temperature
on seed germination and emergence as a see
hydrothermal time modél International
journal of Advanced Biological and Biomedical
Research,1 (12): 16861691.

| 2941

Sincik, M., U. Bilgili, A. Uzun and Acikgoz, E. 2004.
'Effect of lav temperature on the germination
of different field pea genotypésSeed Science
& Technology, 32: 33%:3309.

Sohrabi, 0., A. Ghasemnezhad and M. S. Ahmad
Nadimi. 2017.'Seed oil quality of GAnduced
flowering evening primroseOenothera biennis
L.). Iranian Journal of Plant Physiology, 7 (2):
1971-1981.

Stejskalova, J., I. Kupka and S. Miltner. 2015.
'Effect of gibberellic acid on germination
capacity and emergence rate of Sycamore
maple @cer pseudoplatanus L.) seeds Journal
of Forest Science, 61 8): 325331.

Timoszuk, M., K. Bielawska and E. Skrzydlewska.
2018. 'Evening PrimroseOenothera biennis)
Biological Activity Dependent on Chemical
Compositioh Antioxidants Journal, 7 (8):108
119.

Vera, D.T., R. P. Martin ands. R. Oliva. 2010.'Effect
of chemical and physical treatments on seed
germination ofErica australis'. Annales Botanici
Fennici-BioOne, 47: 353361.

Vieira, A. R., M. G. G. C. Vieria, A. C. Fraga, J. A.
Oliveira and C. D. D. Santos. 2002.'Action of
Gibberellic Acid (GA3 on Dormancy and
Activity of a Amylase in Rice Seéd®evista
Brasileira de Semntes, 24 (2): 4348.

Zadeh, S.Y., A. A. Ramin and B. Baninasab. 2015.
'Effect of gibberellic acid, stratification and
salinity on seed germination of Echinacea
purpurea cv. Mgnus. Herba  Polonica
Journal, 61(3): 1322.



