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ABSTRACT

In this study, the effects of various media onusalhduction and direct and indirect somatic emiggeesis from
immature seeds of Eureka lemon [Citrus limon (LyrB.f. (‘Eureka’)] was examined. Immature seedsewer
cultured on MS medium supplemented with the fafigwiompositions: N1 (500 mg' Imalt extract + 30 g T
sucrose), N2 (500 m@'Imalt extract + 50 g sucrose), and N3 (500 md malt extract + 50 g1 sucrose + 3 mg
1 BA). Maximum embryogenesis (direct and indirduighest level of embryogenic callus induction, @ntbryo
maturation were achieved in the N3 medium. Theusaibtained in this medium was friable and creafie least
embryogenic callus and non-maturity of embryos weyserved in the N1 medium, and the callus obtainas
compact and light green. Plantlets were regeneratein the embryos 2 months after their transferthe
germination medium without any growth regulators With the addition of 50 g1 sucrose.
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INTRODUCTION

Citrus is one of the most economically importantitfitrees in the world. Somatic embryogenesis istitient
method of plant regeneration allowing for rapid guction of a large number of healthy plantlets with short
period. Recent studies have demonstrated majorowepnents in the development of efficient protodolsthe in
vitro regeneration of somatic embryos of citrus. Mamdgts onin vitro somatic embryo regeneration have been
done [7, 11, 13]. However, few reports exist regagdomatic embryogenesis from somatic tissuesowtithucellar

or ovular origin. Somatic embryogenesis mostly esdadirectly through an intervening callus phaselivectly
from initial explants. In direct somatic embryogsise the embryo is formed directly from a cell aradl group of
cells without the production of an intervening aall Direct somatic embryogenesis is generally carepared with
indirect somatic embryogenesis. Somatic embryodyrgogenic callus, and cell cultures recovered flianvitro
cultured ovules have also been used to developoegervation strategies for germplasm conserviph4].

Malt is a most common medium supplement to indncgtro embryogenesis in citrus [3]. However, embryogenesi
has been enhanced by the addition of other growttstances such as 6-benzylaminopurine (BAP), casein
hydrolysate, glycerol, lactose, and maltose [4148]. The concentration of sucrose is critical ttrus callus
induction and formation of the embryogenic call@. [BAP is an important plant growth regulator fibre
regeneration of citrus somatic embryos. The prooesssomatic embryogenesis is a suitable method for
micropropagation and has the potential for usénéndommercial propagation of healthy citrus at fmew unit cost.

In this study, the efficiency of direct and indirée vitro embryogenesis from various types of somatic tissafe
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Eureka lemon(. limon(L.) Burm.f. (‘Eureka’)] was studied on culture die with different supplemental growth
regulator compounds and at various embryonic stages

MATERIALS AND METHODS

Plant material

Eureka lemon(itrus limon(L.) Burm.f. (‘Eureka’)] was used in this studyntinature fruits (10-14 weeks old) were
collected from citrus orchards in east of Mazandgmvince, Iran. These fruits were stored at 4Gl wse. The
fruits were thoroughly washed under running tapew#tree times to reduce surface contaminants leamd gurface
sterilized by submerging in 70% (v/v) ethanol fomt, followed by 4% sodium hypochlorite soluticor fLO min,
and finally rinsed five times with sterile distiflevater. Under a laminar airflow cabinet, the Suitere cut open
using a sharp sterilized scalpel. The immature seegte then separated and placed on the surfattee aulture
media.

Media and culture conditions

Three different media were used; MS (Murashige Skdog, 1962) medium supplemented with 500 mgralt
extract and 30 gt sucrose (N1), MS supplemented with 500 figralt extract and 50 g*Isucrose (N2), and MS
supplemented with 500 mg‘Imalt extract, 50 g1 sucrose, and 3 mg'IBAP (N3). After adjusting the pH to 5.8 +
0.1 using 1 M NaOH, 1% Difco Bacto agar was addethé media. The media were sterilized by autonkt
121°C for 15 min, and 25 ml medium was stored in 100fagks and sealed with Parafilm (American Can, )ISA
The embryogenic calli were regularly subculturedtba same fresh medium every 21 days. Somatic eyabry
obtained from immature seeds were isolated andredltin test tubes containing 15 ml solid MS mediuith agar

(8 g I'") supplemented with 50 @'lsucrose; this medium was hormone free. The cuttires and flasks containing
the explants were incubated in a culture room at 25 under 16-h day length with an illumination of 1060l
m?2 s provided by Osram cool white 18 W fluorescent lampsantlets were stored for a year under the
abovementioned conditions. Callus formation sconwas started 3 weeks after treatment initiation avab
continued for 8 months at an interval of 10 dayen Tlasks were selected for each medium, and 1Caiom® seeds
were selected from each flask.

Statistical analysis

The experiment was a completely randomized twosfactesign with 20 replicates. The data were analyze
statistically using one-way analysis of varianced @he significant differences between means wesessed by
Duncan's multiple range tests at p<0.05 using thgsHcal Package for Social Science (SPSS vér. 16

RESULTS

Somatic embryos without an intermediate callus phaere directly induced on the surface of immateeds 2
months after culture initiation on each medium. @esults show that the maximum efficiency of dirsotmatic
embryo formation (49.50) occurred on the N3 medilie minimum efficiency was 19.75. During indirsomatic
embryogenesis, the callus is first obtained fronmature seeds and then embryos were produced on the
embryogenic callusEmbryogenic callus was observed 30 days aftetnheya initiation. Callus initiation occurred
from immature seeds on all culture media after &kseof culture. Embryos produced on the surfacthefcalli

were observed 4 months after culture initiatiorthia different developmental stages. Duncan's posttést was
used to detect differences between the factors|éTah The N3 medium had the least browning andtmos
embryonic calli with indirect somatic embryogenedibis medium also had the highest plantlet pradactnd the
results for this medium were significantly diffetdrom those for the other media.

The 27.5%-68.8% indirect somatic embryogenesis 22%-9.40% plantlet production was observed. Thédsy
rates of direct embryogenesis (49.5%) were achidoedureka lemon in the N3 medium, making Eurekadn
and the N3 medium the best combination for diraabyogenesis. Rate of embryogenic callus indudtiotime N3
medium was 44.5%.

The color and texture of callus on different cudtimedia were different. The N1 medium produced @arnhpallus
with light green colors. This medium produced teast embryogenic callus and the least embryosblErizallus
with a light green color was obtained on the N2 imexl and friable callus with a light yellow coloas seen on the
N3 medium (Table 2).

Significant differences (p<0.05) were observed leemv different treatments and their effects on tae of
embryonic callus induction, embryo development, eageneration of cotyledonary embryos into plasti@table
3). In the N1 medium (with malt extract and low e concentration without the plant growth reguis),
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embryogenic callus induction (9.87%) was lowest] #me embryos obtained from this medium developethé¢
initial stages of heart-shaped embryos. The rdtesnbryogenic callus formation and embryo maturatiothe N1
medium were significantly reduced compared to tBeaNd N3 media. In the N2 and N3 media, globular fzeart-
shaped embryos produced from embryogenic callusldped into cotyledonary embryos that turned ifemipets
after being transferred to the germination meditime rate of embryogenic callus formation in the &dium
(38.7%) was significantly different (p<0.05) frommat in the N3 medium (44.55%). The results dematesr that
the N3 medium was suitable for indirect somatic Bmmbenesis, embryo maturation, and torpedo-shaped a
cotyledonary embryos. Induction was observed orNBeand N3 media, but no torpedo-shaped and caipkey
embryos were observed on the N1 medium.

The plantlets were regenerated two months aftestearing cotyledonary embryos to the germinatia@diam (MS
medium supplemented with 509 sucrose and no plant growth regulator). The rafamtlet production in the N3
medium was 33.01%. The N2 medium had lower planggeneration rates (30.4%), and no plantlets were
regenerated in the N1 medium.

Table 1. Comparison of mean values using Duncan'suttiple range test in three cultivation media for he rates of direct and indirect
embryogenesis in two varieties of lemon and tangelo

Treatments Browning rate Direct embryogenesi: Indirect embryogenesi: Plantlet (%)

N3 1.00 + 3.08 49.50 + 1.5% 4950+ 1.54 33.01+1.08
N2 14.00 +1.59 43.50 +1.54 4250 +2.19 30.40+2.14
N1 60.50 + 6.058 19.75 + 3.02 19.75 + 3.02 0.00 +0.00

Values are expressed as the mean = SE of rate@dtdind indirect embryogenesis. Means within colsimith the same letter were not
statistically different at p<0.05 using Duncan'sltiple range test

Table 2. Differences in embryogenic callus obtainefilom immature seeds 3 weeks after culture initiatn

Callus status Embryogenesis and embryo maturation ype of culture medium
Compact and light green + N1 (MS + 500 rifgrhalt extract + 30 g1 sucrose)
Friable and light green ++ N2 (MS + 500 mtphalt extract + 50 g1 sucrose)
Friable and light yellow +++ N3 (MS + 500 mg alt extract + 50 g1 sucrose + 3 mg’iBAP)

(+) means less than 1%, (++) means between 1 afd 80d (+++) means more than 30%

Table 3. Comparison of mean values by Duncan's migitie range test in three culture media in differentembryonic stages

Media Somatic embryo stage development
Indirect embryogenesis (% Embryogenic callus (% Globular (%) Heart (%) Torpedo (%) Cotyledonary (%) Plantlet (%)
N3 49,50 + 1.5% 44,55 +1.39 4254 +1.38 38.74+42b 3565+3.57 33.60 £1.79 33.01+£1.08
N2 42.50 £2.19 38.70 £ 3.08 36.50+3.58 35.15+3.65 33.70+3.83 31.90+3.43 30.40%214
N1 19.75 + 3.02 9.87 +1.5% 5.93+2.18 3.12+.63 .00 +.00 .00 +.00 .00 +.00

Data are the mean values of 20 replications. Vahresexpressed as the mean + SE. Means within eswmith the same letter were not
statistically different at p<0.05 according to tBeincan's multiple range test

DISCUSSION

In some species, somatic embryos were obtained fpecial explants cultured on hormone-free medjalfl.
However, in the present study, the best embryogen@hrect and indirect) was obtained in the medium
supplemented with high sucrose and BAP. Eureka tepresented a good response in terms of direct ttbma
embryogenesis. Therefore, the combination of ggetgnd culture medium plays a vital role in somatic
embryogenesis induction in citrus fruits. Plantsnirvarious genotypes that possess different intdroamonal
balances show different reactions to stimulants ithduce somatic embryogenesis [9, 12]. Differemnditions of
callus could indicate the ability of this callusdause induction of embryogenesis and maturaticendfryos from
the callus. These results correspond to the firdiigLincy et al. [10] who reported that the textand color of
embryogenic and non-embryogenic callus are differ@ur results demonstrated that friable callushweit light
yellow color have high potential to induce embryatunation (N3 medium), while compact callus withigdt green
color did not have the same potential to induceeimment of embryos into more advanced stagesddor@mnd
cotyledonary) (N1 medium). A stress factor appdarbe needed for embryogenic callus induction aowiagic
embryo formation. Our results demonstrated thatosgcas a stress factor can cause embryogenics datluction
and somatic embryo maturation. These results werngas to the findings of Lincy et al. [10]. The gsent study
indicated that the N1 medium with low sucrose coiregion (30 g T combined with malt extract (500 md)l has

a low potential for callus induction and cannot sm@embryo maturation (development into torpedo-atiegnd
cotyledonary embryos). However, media with highrese concentration (50 ) combined with malt extract (500
mg ") showed considerable potential for callus inducémd embryo maturation. Increasing sucrose coratétt
from 30 to 50 g T significantly increased embryogenic callus induetidevelopment of heart-shaped embryos, and
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embryo maturation. Increased sucrose concentratiprobably associated with osmotic changes argketbemotic
stresses play an important role in somatic embrgturation [6].

Embryo maturation is dependent on both sucroseectration and presence of BAP. The results indic#iat the
medium containing high sucrose concentration ané BAd a positive effect on embryo maturation (N3lioma),
which was significantly different from the effect the medium with high sucrose concentration andBA® (N2
medium). In the N2 medium, embryo maturation wagificantly reduced. The results were similar te fimdings
of Carimi [2] who also demonstrated that high sserconcentration along with BAP plays an importaté in
somatic embryogenesis induction in citrus fruitcdn therefore be deduced that cells of the sesdas may have
been predestined for embryogenesis and presenmeguwhtors such as BAP stimulates somatic embrgdymtion
and embryo maturation.

The results indicated that the best medium for godenic callus induction, embryo maturation, angereeration
of plantlets from immature seeds is a medium witlitrextract, high sucrose concentration (50'y &nd BAP. The
embryos obtained through this method could be asealraw material for the production of synthetieds of these
plants.
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