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Abstract The effects of proline (0, 50, 100, 200 and

500 mg l-1) and chitosan (0, 10, 20, 50 and 100 mg l-1)

treatment at three incubation periods (1, 2 and 5 days) were

assessed on the efficiency of microsopore embryogenesis

induction and subsequently plantlet regeneration in rape-

seed (Brassica napus L.) cv. ‘‘Hyola 401’’. About 30–55 %

increase in microspore embryogenesis was observed in the

cultures exposed to 100 mg l-1 proline for 2 and 5 days.

Higher levels were not advantageous so that, microspore

embryogenesis significantly reduced when 200 and

500 mg l-1 proline were exogenously applied to the cul-

ture medium. High normal regeneration was achieved in

the cultures treated with 50 and 100 mg l-1 proline for 2

and 5 days. In addition, callogenesis increased as proline

level and duration of its treatment was increased in which

the majority of microspore-derived embryos (78 %)

underwent callusing in the cultures exposed to 500 mg l-1

proline for 5 days. In contrast to untreated cultures, the

efficiency of microspore embryogenesis increased about

1.8-fold in response to 10 mg l-1 chitosan for 2 days. High

levels of chitosan were detrimental to microspore

embryogenesis so that embryogenesis was completely

inhibited in the cultures exposed to 50 and 100 mg l-1 for

5 days. Chitosan treatment was not advantageous to the

normal plantlet development at all levels and durations

tested. High levels and durations of chitosan treatment

resulted in the higher callusing so that the highest callusing

(88 and 79 %) were observed in the presence of

100 mg l-1 for 1 day and 20 mg l-1 for 2 days, respec-

tively. Efficiency of microspore embryogenesis induction

and plantlet regeneration could be improved by proline and

chitosan treatment when appropriate levels and durations

of incubation were selected.

Keywords Brassica napus L. � Callogenesis � Chitosan �
Microspore embryogenesis � Proline

Introduction

Isolated microspores cultured in vitro can reprogram their

gametophytic developmental pathway towards embryoge-

nesis, thereby producing embryos which can further give

rise to haploid or double haploid (DH) plants, an important

biotechnological tool in plant breeding and physiological

studies (Shariatpanahi et al. 2006). The deviation from

gametophytic to sporophytic developmental pathway has

been induced by applying various stress pretreatments. In

the genus Brassica, isolated microspores are often inducted

by heat shock and its duration (Prem et al. 2005), muta-

genic agents (Ahmadi et al. 2012), stress hormones (Ah-

madi et al. 2014a), antibiotics or polyamines (Asif et al.

2013; Ahmadi et al. 2014b).

Plants accumulate large quantities of different types of

compatible solutes upon stress treatment i.e. those applied

for embryogenesis induction (Patnaik et al. 2005; Gupta

and Huang 2014). Compatible solutes are low molecular

weight, highly soluble organic compounds and are usually

non-toxic at high cellular concentrations. These solutes e.g.

proline, glycine betain, polyols and trehalose, provide

protection to cells by contributing to osmotic adjustment,

reactive oxygen species (ROS) detoxification, protection of
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membrane integrity and enzyme/protein stabilization

(Kishor et al. 2005; Szabados and Savouré 2009). Proline, a

proteinogenic amino acid with an exceptional conforma-

tional rigidity, is essential for stress tolerance, cell primary

metabolism and growth and also has exhibited stimulatory

effects on in vitro somatic embryogenesis induction and

plant regeneration (Vikrant and Rashid 2002; Hita et al.

2003; Szabados and Savouré 2009; Hayat et al. 2012).

When applied exogenously to plants exposed to stress,

proline enhanced growth and other physiological charac-

teristics of the treated plants (Hayat et al. 2012). Although,

much is known about proline metabolism, the information

about its regulatory role(s) in different aspects of somatic

embryogenesis is limited. Formation of compact and yel-

low embryogenic calli and subsequently somatic embryo-

genesis were significantly increased in sugarcane when the

induction medium was supplemented with proline (Supra-

sanna et al. 2005). Also, exogenously applied proline in a

two-step culture method drastically increased somatic

embryo formation, maturation and subsequently plant

regeneration in Paspalum scorbiculatum L. (Ceasar and

Ignasimuthu 2010). Also, the promotive effect of proline

on androgenesis induction has been reported in many crop

species (Yoshida et al. 1994; Redha et al. 1998; Hema and

Murthy 2008). Significantly higher embryos were obtained

from in vitro cultured anthers of niger when proline was

added to the induction medium (Hema and Murthy 2008).

Successful microspore embryogenesis requires a strict

coordination of cell proliferation, cell differentiation, and

cell-death programs. It has been indicated that proline acts

as a positive regulator of programmed cell death (PCD) and

its involvement in the inducing cell death has been reported

in different species (Deuschle et al. 2004; Cecchini et al.

2011). PCD, an energy-dependant and genetically con-

trolled mechanism that envisages the organized destruction

of specific cell types and tissues, is involved in the elimi-

nation of unneeded structures within the cells and embryos

and also is essential for correct embryo patterning (Lam

2004; Suarez et al. 2004; Choi 2013).

Chitosan, a polymeric deacetylated derivative of chitin,

is naturally present in some fungi cell walls that combines a

unique set of versatile physicochemical and biological

characteristics which allows for a wide range of applica-

tions (Raafat et al. 2008; El Hadrami et al. 2010). Chitosan

is used primarily as a natural seed treatment and plant

growth enhancer, as an ecologically friendly biopesticide

substance that boosts the innate ability of plants to defend

themselves against fungal infections and also as a plant cell

division and growth stimulator (Nge et al. 2006; Uthair-

atanakij et al. 2007). Conversion of orchid’s meristematic

explants into the protocorm-like bodies (PLBs) was

accelerated up to 15 times in the presence of shrimp and

fungal chitosan in the liquid medium (Nge et al. 2006).

Although its exact mode of action is still unknown, but

many studies have indicated that exogenously applied

chitosan rapidly induces oxidative stress, releases cyto-

chrome c and further increases the activity of caspase3-like

proteases, all of which lead to the PCD which is required

for proper embryo formation (Zuppini et al. 2003; Zhang

et al. 2012; Mejı́a-Teniente et al. 2013).

Despite many studies in microspore embryogenesis

induction, the effects of proline and chitosan have not been

well explored. In this study, the effects of various levels

and durations of incubation of proline and chitosan treat-

ment on the efficiency of microspore embryogenesis

induction and subsequently regeneration of the derived

embryos were assessed in the isolated microspores of B.

napus L.

Materials and methods

Donor plants and growth conditions

Spring rapeseed (B. napus) cv. ‘Hyola 401’ was used as the

test plant. Seeds were sown in 25 cm-diameter plastic pots

(1 seed per pot) filled with a mix of sand, green manure,

and a clay field soil (1:1:1, by volume). Donor plants were

grown in a growth chamber at a day/night temperature of

15/10 �C with a 16-h photosynthetic photon flux density

(PPFD) of 350 lE m-2 s-1 and relative humidity of

45–65 %. Donor plants were irrigated two times a week.

Isolated microspore culture

Floral buds measuring 2.5–3.5 mm in length containing a

mixed population of mid to late-uninucleate microspores

were harvested from the main and lateral branches of donor

plants that had reached anthesis after about 90–110 days.

These buds were surface sterilized by sodium hypochlorite

(3 %) with gentle shaking for 10 min and washed three

times (each 5 min) with cold sterile distilled water.

Approximately, 180–200 sterilized buds were placed in a

glass tube and were gently macerated into 25 ml of liquid

NLN-13 (Lichter 1982) medium supplemented with 13 %

(w/v) sucrose (Merck, Darmstadt, Germany) using a sterile

glass rod. The crude suspension was filtered through a

40 lm metal mesh (Damavand Tes Sieve Ltd, Tehran,

Iran), collected into two 15 ml centrifuge tubes and the

volume was adjusted with fresh NLN-13 medium to 12 ml.

The filtrate was centrifuged at 1009g for 4 min. The

supernatant was decanted and the pellet was rinsed in fresh

NLN-13 medium. This procedure was repeated twice.

Finally the plating density was adjusted to 4 9 104

microspores ml-1 using a hemocytometer (Precicolor,

Germany). Microspore suspension (5 ml) was dispensed
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into 6 cm sterile plastic Petri dishes (Farazbin, Tehran,

Iran) then, the cultures were incubated at 30 ± 0.5 �C in

the dark for 14 days. Once embryos were visible to the

naked eye (Fig. 1a, b), the Petri dishes were transferred

onto a rotary shaker in the dark at 30 rpm at 25 �C.

Proline and chitosan treatment

Chitosan (Sigma-Aldrich) was dissolved (100 mg in 5 ml

of doubled distilled water) using gentle shaking for stock

preparation. The pH was adjusted at 6.0 with 1 N NaOH

and 1 N HCl and maintained in a refrigerator at 4 �C until

needed (stock solution was kept for maximum 1 or 2 days

and used as soon as possible). After determining plating

density (4 9 104 microspores ml-1) and dispensing

microspore suspension into the Petri dishes, different levels

of filter-sterilized (0.22 lm filter) chitosan (0, 10, 20, 50

and 100 mg l-1) were added to the induction medium for

three time periods (1, 2 and 5 days) and incubated at 30 �C
in the dark. Each Petri dish contains 5 ml of microspore

suspension and in the case of 10 mg l-1 for instance, each

Petri dish requires 0.05 mg of chitosan to be added so that,

2.5 ll (contains 0.05 mg chitosan and is equal to

10 mg l-1) from stock solution is needed. Therefore, 0 ll

(equal to 0 mg l-1 chitosan as the control), 2.5 ll (equal to

10 mg l-1), 5 ll (equal to 20 mg l-1), 12.5 ll (equal to

50 mg l-1) and finally 25 ll (equal to 100 mg l-1) from

stock solution was added to each Petri dish. In the case of

proline (Duchefa Biochime) 250 mg was dissolved in 5 ml

of doubled distilled water for stock preparation. Similarly,

each Petri dish contains 5 ml of microspore suspension and

various levels of proline (0, 50, 100, 200 and 500 mg l-1)

were tested. In the case of 50 mg l-1 for instance, each

Petri dish needs 0.25 mg proline so that, 5 ll (contains

0.25 mg proline and is equal to 50 mg l-1) from stock

solution is needed. Therefore, 0 ll (equal to 0 mg l-1

proline as the control), 5 ll (equal to 50 mg l-1), 10 ll

(equal to 100 mg l-1), 20 ll (equal to 200 mg l-1) and

50 ll (equal to 500 mg l-1) from stock solution was added

to each Petri dish. Proline or chitosan treated and also

untreated cultures were centrifuged at 1509g for 4 min in

order to decanting the residual. The plating density was

adjusted to 4 9 104 microspores ml-1 and the suspension

was dispensed into the same Petri dishes and incubated at

30 �C.

Microspore-derived embryo (MDE) conversion

to plantlet

Fully developed MDEs (Fig. 1c) were transferred onto the

B5 medium (Gamborg et al. 1968) containing 0.1 mg l -1

gibberellic acid (GA3, Fluka, Buchs, Switzerland), 2.5 %

sucrose, pH 5.8 and 0.7 % agar (Duchefa Biochemie) and

after incubating at 4 ± 0.5 �C in the dark for 1 week, the

Fig. 1 Microspore embryogenesis of B. napus L. c.v. ‘‘Hyola 401’’ in

the presence of a proline (100 mg l-1 for 5 days), b chitosan

(10 mg l-1 for 2 days), c cotyledonary MDE, d distal half of the

cotyledons was sliced off after GA3 treatment, e regenerated plant

which was transferred to the pots containing sterile pit and perlite in

the greenhouse condition, f normal plantlet regeneration, g callogen-

esis, h abnormal MDEs were produced in the presence of 100 mg l-1

chitosan (for 1 day)
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Petri dishes were maintained at 25 ± 1 �C under a 16-h

photoperiod with light intensity of 40 lE m-2 s-1 for

1 week. Subsequently, the distal half of the cotyledons was

sliced off (Fig. 1d) and the MDEs were placed onto hor-

mone-free B5 medium containing 2 % sucrose, pH 5.8,

0.6 % agar for plantlet development (Ahmadi et al. 2012).

Plant regeneration

Regenerated plantlets were transferred to the pots contain-

ing sterile pit and perlite and maintained in a growth

chamber at 20 ± 1 �C under a 16-h photoperiod with light

intensity of 100 lE m-2 s-1 for 3 weeks. Then, gradual

adaptation was followed to greenhouse conditions (Fig. 1e).

Experimental design and statistical analysis

The experiments were conducted in a factorial experiment

based on a completely randomized design (CRD) to eval-

uate the effect of different factors. Entire experiments were

repeated three times. Each treatment had five replications

(Petri dishes). Data analyses were performed using SPSS

software version 17 and the means were compared using

Duncan’s multiple range (DMRT) test at a = 0.01 fol-

lowing analysis of variance.

Results

Proline treatment

Microspore embryogenesis was significantly affected by

applied proline levels and also duration of its application

(Table 1). Approximately, 30–55 % increase in the embryo

formation was observed in the cultures exposed to 100 mg l-1

proline for 2 and 5 days. Lower level (50 mg l-1) was not

advantageous to embryogenesis induction when compared

with the untreated cultures at all durations tested. When

treated with 100 mg l-1 proline, embryogenesis increased as

the duration of incubation increased, so that the highest

embryogenesis was achieved in the cultures incubated for

5 days (296.8 embryos Petri dish-1), 2 days (258.2 embryos

Petri dish-1) and 1 day (202.6 embryos Petri dish-1) respec-

tively. Higher levels were detrimental to microspore

embryogenesis and embryogenesis significantly reduced

when 200 and 500 mg l-1 proline were exogenously applied

to the culture medium. Proline treatment also affected the path

of MDE conversion into the plantlet i.e. via normal regener-

ation (Fig. 1f) or callusing (Fig. 1g). High normal regenera-

tion was observed in the presence of 50 and 100 mg l-1

proline for 2 and 5 days (Table 2). Callogenesis increased as

proline level was increased in which the majority of the MDEs

(78 %) underwent callusing in the cultures exposed to

500 mg l-1 proline for 5 days.

Chitosan treatment

Microspore embryogenesis was significantly enhanced

(about 1.8-fold) in response to 10 mg l-1 chitosan incu-

bated for 2 days in contrast to the untreated cultures

(Table 3). Chitosan at 20 mg l-1 also improved embryo-

genesis induction when maintained for 1 day in the liquid

culture medium but higher durations of maintenance sig-

nificantly decreased embryo formation. Moreover, micro-

spore embryogenesis drastically decreased as chitosan

level and also duration of its exposure were increased, so

that embryogenesis was completely inhibited in the cul-

tures exposed to 50 and 100 mg l-1 for 5 days. Abnormal

embryos (Fig. 1h) were also produced in the presence of

100 mg l-1 chitosan incubated for 1 day, many of which

(88 %, Table 4) failed to regenerate normally when

transferred onto the regeneration medium. The mode of

MDE regeneration was also affected by chitosan treatment

and its duration of incubation. The rate of normal regen-

eration drastically reduced in the cultures exposed to

100 mg l-1 chitosan for 1 day. Also, callogenesis

Table 1 Mean number of

embryos formed Petri dish-1 for

various levels of proline and its

duration of application in B.

napus L. cv. ‘‘Hyola 401’’

Proline (mg l-1) Duration of proline treatment (day)

1 Day 2 Days 5 Days

0 174.8 ± 15.3 AB*, a** 196.2 ± 10.6 B, a 188.0 ± 12.9 B, a

50 185.4 ± 9.4 AB, a 205.8 ± 13.3 B, a 191.6 ± 11.5 B, a

100 202.6 ± 16.8 A, c 258.2 ± 18.2 A, b 296.8 ± 15.7 A, a

200 161.4 ± 9.8 B, a 142.0 ± 10.2 C, a 111.6 ± 7.7 C, b

500 86.8 ± 8.3 C, a 51.2 ± 5.8 D, b 18.2 ± 6.1 D, c

* Uppercase letters: within a column (showing the effect of proline concentrations in each treatment

duration), means (±SD) followed by the same letters are not significantly different to DMRT (P = 0.01)
** Lowercase letters: within a row (showing the effect of treatment durations in each proline concentra-

tion), means (±SD) followed by the same letters are not significantly different according to DMRT

(P = 0.01)
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increased as duration of chitosan treatment was increased

and 79 % of transplanted of MDEs underwent callusing in

the presence of 20 mg l-1 chitosan for 5 days.

Discussion

Plants accumulate an array of metabolites and amino acids

particularly proline, when exposed to stressful conditions.

The accumulation of compatible solutes is often regarded

as a basic strategy for the protection and survival of cells

under stressful conditions, including the stresses used for

embryogenesis induction (Patnaik et al. 2005; Chen et al.

2007; Redha and Suleman 2013). According to our results,

proline was not advantageous to microspore embryogenesis

when maintained for 1 day in the induction medium, but a

30–55 % increase in the embryo formation was observed in

response to 100 mg l-1 proline in the cultures incubated

for 2 and 5 days. Proline proves an organic form of

nitrogen (reduced state), which is readily metabolized by

plant cells, stimulating faster cell growth and development.

Working on anther culture in Oryza sativa L. Gill et al.

(2003) reported that the N6 medium supplemented with

560 mg l-1 proline resulted in higher callusing and sub-

sequently higher plantlet regeneration. Also, significantly

higher androgenic embryos were achieved from in vitro

cultured anthers of niger when 230 mg l-1 proline was

added to the induction medium (Hema and Murthy 2008).

However, proline treatment was not favorable to embryo-

genesis induction and plantlet regeneration from cultured

anthers of Capsicum anuum L. (Özkum and Tipirdamaz

2011). It has been indicated that the ROS generated by

inductive stresses can modify the effectiveness of micro-

spore embryogenesis, influencing both cell viability and

Table 2 Effects of various

levels of proline and its duration

of application on the paths of

MDE regeneration (via normal

regeneration or callusing) in B.

napus L. cv. ‘‘Hyola 401’’

Duration of proline treatment (day) Proline level (mg l-1) Type of MDE regeneration (%)

Normal regeneration Callogenesis

1 0 47 53

50 54 46

100 61 39

200 52 48

500 41 59

2 0 54 46

50 68 32

100 81 19

200 49 51

500 33 67

5 0 45 55

50 84 16

100 67 33

200 39 61

500 22 78

Table 3 Mean number of

embryos formed Petri dish-1 for

various levels of chitosan and its

durations of application in B.

napus L. cv. ‘‘Hyola 401’’

Chitosan (mg l-1) Duration of chitosan treatment (day)

1 Day 2 Days 5 Days

0 223.2 ± 10.7 B*, a** 209.8 ± 14.2 C, a 230.2 ± 12.6 B, a

10 245.6 ± 11.9 B, c 388.0 ± 18.4 A, a 295 ± 14.5 A, b

20 344.0 ± 10.3 A, a 307.8 ± 12.7 B, b 215.2 ± 14.4 B, c

50 182.4 ± 9.2 C, a 112.2 ± 8.8 D, b 0 C, c

100 39.6 ± 6.1 D, a 0 E, b 0 C, b

* Uppercase letters: within a column (showing the effect of chitosan concentrations in each treatment

duration), means (±SD) followed by the same letters are not significantly different according to DMRT

(P = 0.01)
** Lowercase letters: within a row (showing the effect of treatment durations in each chitosan concen-

tration), means (±SD) followed by the same letters are not significantly different according to DMRT

(P = 0.01)
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cell metabolism ( _Zur et al. 2009, 2014) and proline can

function as non-enzymatic antioxidant by scavenging the

ROS produced by inductive stresses and reestablish redox

homeostasis (Szabados and Savouré 2009). The enhancing

effect of proline on somatic embryogenesis induction has

also been observed in several species (Ceasar and Ignaci-

muthu 2010; Nhu et al. 2012). Patnaik et al. (2005) applied

polyethylene glycol (PEG-8000), mannitol and air drying

treatment for somatic embryogenesis induction in T.aes-

tivem L. Surprisingly, they observed twofold to fivefold

increase in the endogenous level of proline content in

embryogenic explants compared with non-embryogenic

explants (untreated cultures). Comparing the effects of

three different amino acids i.e. proline, serine and glu-

tamine on somatic embryogenesis in P. scorbiculatum L.,

Ceasar and Ignacimuthu (2010) noted that the MS medium

containing 25 mg l-1 proline was superior to that con-

taining serine and glutamine or untreated cultures in the

term of somatic embryo formation and maturation. In

addition, significant increase in the number of somatic

embryos produced from in vitro cultured main root trans-

verse thin cell layers of Panax vietnamensis was observed

when 300 mg l-1 proline was exogenously applied to the

induction medium (Nhu et al. 2012). However, our results

indicated that proline treatment is detrimental to micro-

spore embryogenesis induction at high levels (200 and

500 mg l-1) and longer durations (5 days).

Fully-developed cotyledonary MDEs were transferred

onto the B5 medium containing 0.1 mg l-1 GA3 in order to

induce embryo axis elongation and primary root formation,

then, transferred to hormone-free B5 medium for subse-

quent plantlet regeneration. Upon transferring to the

regeneration medium, many MDEs do not develop directly

into plantlets (normal regeneration) but usually undergo

abnormal development called callogenesis (Ahmadi et al.

2014a). According to our results, higher vigorous and

normal plantlets were achieved in the presence of 50 and

100 mg l-1 proline at all durations tested. More recently,

flow cytometric analysis of endoreduplication and mitotic

cycle in classic mutant proline responding 1 (pro1, which

catalyses the biosynthesis of proline from glutamic acid) of

Zea mays indicated that the G1/S transition is arrested and

thus cell proliferation suppressed in pro1 mutant plantlets.

Gene expression profile analyses also showed that tran-

scripts of cell cycle related genes, including cyclins,

nucleosome assembly genes, and DNA replication-related

genes, were significantly down-regulated in the pro1

plantlets (Wang et al. 2014) indicating the important

role(s) of proline during the normal plant growth.

According to our results, proline was not effective on

normal plantlet regeneration at high levels so that, the

majority of MDEs (78 %) underwent callusing in the cul-

tures exposed to 500 mg l-1 proline for 5 days.

Chitosan, a biodegradable polymer, has been reported to

act as a plant growth stimulator in some plant species,

however the information about the regulatory mecha-

nism(s) through which chitosan exerts an effect(s) is too

limited (Kim et al. 2005; Nge et al. 2006; Mathew and

Sankar 2012). According to our results, chitosan

(10 mg l-1 for 2 days) caused a 1.8-fold increase in

microspore embryogenesis induction relative to untreated

cultures. Significant improvements in growth also have

been reported in Vitis vinifera L. (Ait et al. 2004), soybean

sprouts (Lee et al. 2005), Ocimum basilicum L. (Kim et al.

Table 4 Effects of various

levels of chitosan and its

duration of application on the

paths of MDE regeneration (via

normal regeneration or

callusing) in B. napus L. cv.

‘‘Hyola 401’’

Duration of chitosan

treatment (days)

Chitosan

level (mg l-1)

Type of MDE regeneration (%)

Normal regeneration Callogenesis

1 0 58 42

10 51 49

20 62 38

50 55 45

100 12 88

2 0 48 52

10 60 40

20 56 44

50 48 52

100 – –

5 0 53 47

10 42 58

20 21 79

50 – –

100 – –
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2005), as well as ornamental crops, such as Gerbera

(Wanichpongpan et al. 2000) and Dendrobium orchids

(Chandrkrachang 2002; Nge et al. 2006). It has been

indicated that chitosan plays an important role in the

enhancing growth and development by auxin biosynthesis

pathway via tryptophan-independent pathway (Uthair-

atanakij et al. 2007). The phytohormone auxin regulates

nearly all aspects of plant growth and development

including embryogenesis. More recently, Wang et al.

(2015) indicated that tryptophan-independent auxin

biosynthetic pathway and auxin synthesized through this

spatially and temporally regulated pathway contributes

significantly to the establishment of the apical–basal axis,

which profoundly affects the early embryogenesis in Ara-

bidopsis. However, our results indicated that higher doses

and durations of incubation are detrimental to MDE for-

mation so that embryogenesis was completely inhibited in

the cultures exposed to 50 and 100 mg l-1 chitosan for

5 days. Working on in vitro formation of PLBs in Thai

orchid (Garmmatophyllum speciosum), Sopalun et al.

(2010) noted that high level of chitosan (100 mg l-1) not

only inhibited the growth of PLBs but also killed the

in vitro cultured explants. Amborabé et al. (2008) observed

that the reduction in growth and also eventual loss of

viability in both plant and fungal cells following high dose

of chitosan treatment (200 mg l-1) is related to the

destruction of cell organization, induced leakage of elec-

trolytes, UV-absorbing materials, and proteins. According

to our results, abnormal MDEs were also produced in the

presence of 100 mg l-1 chitosan, all failed to regenerate

normally upon transferring onto the B5 regeneration

medium.

Chitosan treatment also affected the type of MDE

regeneration in a dose-dependent manner. High callusing

was observed in the cultures treated with high dose of

chitosan i.e. 100 mg l-1 for 1 day. The enhancing effect of

chitosan on in vitro shoot and plantlet regeneration has

been observed in some species (Kanchanapoom et al. 2012;

Dastjerd et al. 2013). However, according to our results,

chitosan was not advantageous to conversion of the MDEs

into the plantlets when transferred onto the regeneration

medium.

Conclusion

The production of DH plants from isolated microspores is

an important technique used in plant breeding and basic

researches. DH technology is a rapid method for develop-

ing homozygous lines, which can be used to accelerate

crop improvement programs. In addition, isolated micro-

spore culture is routinely used for establishing genetic

mapping and for production of desired traits through the

mutagenesis and selection. However, all these applications

depend heavily on the efficiency of microspore embryo-

genesis and the regeneration of derived MDEs. Our results

indicated that, proline at 100 mg l-1 for 2 and 5 days

increases the efficiency of microspore embryogenesis

(about 30–55 %) and normal regeneration of derived

MDEs. Also, chitosan treatment (10 mg l-1 for 2 days)

significantly enhanced embryo formation (approximately

1.8-fold) in contrast to the untreated cultures. Efficiency of

microspore embryogenesis induction and plantlet regener-

ation could be improved by proline and chitosan treatment

when appropriate levels and durations of incubation were

selected.
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