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Abstract : In this study, the effect of concentrations of methyl jasmonate (MJ) on pollen germination (PG) and pollen
tube growth (PTG) was investigated in two apricot (Bebeco and Kabaasi) cultivars. MJ led to decrease in PG and
PTG of these cultivars. While PG was 63.8% in Bebeco and 52.9% in Kabaasi for control treatment, they were
recorded as 11.9% in Bebeco and 32.5% in Kabaas1 by diminising with the application of 1 mM MJ. In addition, 0.5
mM and higher of MJ had an inhibiting effect on PTG. The relationships between PG and PTG were high with r=0.93
and r=0.97 for Bebeco and Kabaasi cultivars.

Key words: Methyl jasmonate, Pollen germination, Apricot.

Kayisida (Prunus armeniaca 1.)’da Polen Cimlenmesi ve Polen Tiip Gelisimi Uzerine
Metil Jasmonatin Etkileri

Ozet: Bu calismada, methyl jasmonatin farkli konsantrasyonlarmin Bebeco ve Kabaasi kayisi gesidinde polen
¢imlenmesi ve polen tiip uzunlugu iizerine etkileri arastirtlmistir. Methy jasmonat her iki ¢esitte polen ¢imlenmesi ve
polen tiip uzunlugunun azalmas: {izerine etki etmistir. Kontrolde polen ¢imlenmesi Bebeco ¢esidinde %63.8 ve
Kabaasi cesidinde %52.9 olarak belirlenirken, 1 mM methyl jasmonat uygulanmasi polen ¢imlenmesini Bebeco
¢esidinde %11.9’a ve Kabaasi ¢esidinde %32.5’e diislirmiistiir. Bunun yaninda 0.5 mM ve daha yiiksek oranlarda
methyl jasmonat uygulamalari, polen tiip uzunlugu iizerine engelleyici etkiye sahip olmustur. Polen ¢imlenmesi ve
polen tiip uzunlugu arasinda yiiksek iliskiler r=0.93 (Bebeco) ve r=0.97 (Kabaasi) kaydedilmistir.

Anahtar kelimeler: Metil jasmonat, Polen ¢imlenmesi, Kayisi

Introduction

One of influential growth regulators in the plants, jasmonates (JAs) originate from linolenic acid via a
pathway consist of many enzymatic steps. The plants contain jasmonic acid (JA), its methyl ester
(JAME), certain L-amino acid conjugates, glucose ester and hydroxylated forms (Sembdner and Parthier
1993; Andrea et al. 2005). Jasmonic acid regulates the expression of plant genes and influences specific
aspect of disease/pest resistance traits and plant growth and development (Staswick 1992; Lee and Back
2005). Jasmonates (JAs) modulate many advance plant processes such as inhibition of seed germination
and shoot and root growth (Sembdner and Parthier 1993; Yildiz and Yilmaz 2002), fruit ripening and
development of strawberry (Yilmaz et al. 2003), prevention of chlorophyll and carotenoid formation
(Saniewski and Czapski 1983) and reduction of photosynthetic (Popova et al. 1988). They have not only
effects on leaf abscission, leaf senescence (Wilen et al. 1991), inhibition of root elongation in Arabidopsis
thaliana (Staswick et al. 1992), reproductive structures of fruits and flowers, and anther and pollen
formation (Sanders et al. 2000; Stinzi and Browse 2000), but also play an active role for plant defense
mechanism against unfavorable environmental stress, like drought, low temperature and salinity
(Wasternack and Parthier; 1997Wasternack and Hause 2002).

On the other hand, while jasmonates are involved in diverse processes including, stimulating ethylene
production in tomato and strawberry fruits (Perez et al. 1997; Saniewski 1987; Sembdner and Parthier
1993; Yilmaz et al. 2003), they inhibit ethylene production in rice seedlings (Yeh et al. 1995). It is
believed that crosstalk between jasmonate and ethylene pathways enables plants to optimize their defense
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strategies more efficiently and economically and variety of biological activities (Baldwin 1998; Parthier
1990).

It is known that plant hormones play many roles in plant growth and development. Ethylene which is a
plant hormone, has an important role in seed and pollen germination. It has been considered that
jasmonates might affect seed and pollen germination via ethylene (Sembdner and Parthier 1993). In fact,
it was reported that jasmonates have inhibitory effects on the germination of nondormant seeds, for
example, lettuce (Yamane et al. 1981), amaranth (Kepczyenski and Bialecka 1994), apple (Ranjan and
Lewak 1995; Yildiz et al. 2007), pear (Yildiz et al. 2008) seeds. However, exogenous jasmonates seem to
have a effect on breaking of the seed dormancy (Ranjan and Lewak 1995).

In particular, many studies indicated that ethylene production increased in the pistil after pollination and
it is correlated with post-pollination events in flowers (Burg and Dickman 1967; O’Neill 1997). The
studies on effects of jasmonates on pollen germination are limited. But it is known that jasmonates
interact with ethylene. Many research reported that ethylene has important effects on pollen germination
and jasmonates might affect pollen germination (Sembdner and Parthier 1993).

The aim of this study was to determine the effect of Methyl Jasmonate on the pollen germination and
pollen tube growth in two apricot cultivars.

Materials and Metods

The flowers were collected from 12 years old trees of Bebeco and Kabaasi apricot cultivars. Before petals
opened, they were kept at the room temperate for 24 hours. Pollens were germinated in liquid media
containing 10% sucrose and 0.01% boric acid (Brewbaker and Kwack 1963; Munzur and Giir 2000).
Sterile 3 microscopic slides were used for each treatment. MJ solutions and culture medium at the same
volumes were used. At first, 50 pl liquid media were dropped on microscopic slides. Then, 50 pl MJ
solution and were dripped on to slides. MJ solutions prepared with distilled water were 0.1 mM, 0.25
mM, 0.50 mM and 1 mM. For control group, 50 ul distilled water was dropped instead of MJ solutions.

Pollens were shed in this liguid culture media under Olympus light microscope with aid a of hygiene pin.
The microscopic slides on which was shed pollen were placed in petri dishes with a moist filter paper
lining the lower plate, serving as an improvised humidity chamber. Then, the petri dishes were settled in
incubator at 2242°C for 3 hours under dark conditions.

After incubation, a few drop of 10% ethanol was added to the microscopic slides for fixations and then
lamella was closed. Germination percentages of pollens were determined by examining grain and tube
lengths of pollens were measured by using an ocular micrometer under Olympus light microscope
(Shivanna and Rangaswamy 1992).

In the study, a completely randomized design with three replications was used. The statistical package
program Minitab release 10.2 for Windows was used for the analysis of variance. The means were
compared using Duncan’s Multiple Range Test, and significant differences were found at P<0.05. Using
Excel package program, correlation coefficients were computed to conclude relationships between pollen
germination (PG) and pollen tube growth (PTG) in apricot cultivars.

Results and Discussion

The percentages of pollen germination and tube growth varied to apricot cultivars. In control, the highest
PG and PTG were determined in Bebeco (63.8% - 398.4um) followed by Kabaasi (52.9% - 300.1 um). In
the treatment of 0,1 mM of MJ, the highest PG and PTG were recorded as 68.4% and 385.7 um for
Bebeco, followed by Kabaasi (67.7% - 342.1 um). In the treatment of 0,25 mM of MJ, PG and PTG were
67.8% and 359.3 um for Bebeco, 65.8% and 377.2 um for Kabaasi (Table 1 and 2). While PG and PTG
in ‘Kabaasi’ and PTG in ‘Bebeco’ differed (P<0.001) statistically by MJ treatments, PTG of ‘Bebeco’
was not influenced by MJ treatments (Table 3).
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Table 1. Pollen germination (PG) percentages of two apricot cultivars treated with MJ concentrations.

PG Control 0.1 mM 0.25 mM 0.50 mM 1 mM Mean
Bebeco 63.8 a*** 68.4ns 67.8 a*** 61.8 a*** 11.9 b*** 54.7
Kabaasi 529b 67.7 65.8b 352b 325a 50.8
Mean 58.3 68.03 66.77 48.5 222 52.7

ns: non-significant. ¥** P<0.001.

Table 2. Pollen tube growth (PTG) um of two apricot cultivars treated with MJ concentrations.

PTG Control 0.1 mM 0.25 mM 0.50 mM 1 mM Mean
Bebeco 3984 a 385.7ns 359.3 ns 336.5 a*** 241.4 ax** 3443
Kabaasi 300.1a 342.1 377.2 217.1b 164901 280.4
Mean 349.6 363.8 368.2 276.8 203.2 3123

ns: non-significant. ¥** P<0.001.

Table 3. Differences between MJ treatments concerning pollen germination (PG) and pollen tube growth
(PTG) in two apricot cultivars.

Treatments of MJ PG (%) Bebgfr% ) PG (%) Kabia)a};é )
Control 63.8 a*** 398.4ns 52.9 ab*** 300.1 ab**
0.1 mM 68.4a 385.7 67.7a 342.1a
0.25 mM 67.8a 359.3 658a 3772 a
0.50 mM 61.8a 336.5 35.2bc 217.1be

1 mM 119b 241.4 325¢ 164.9 ¢

ns: non-significant. ¥* P<0.01, *** P<0.001.

The values of PG and PTG in the concentrations of 0.1 mM and 0.25 mM of MJ were close with those of
the control. Both PG and PTG showed a significant decrease when the culture media was treated with
0.50 mM and 1mM of MJ (Figure 1 and 2).

In the treatment of 0.50 mM of MJ, PG and PTG were (61.8% - 336.5 um) in Bebeco, and (35.2% - 217.1
um) in Kabaasi. In the treatment of 1 mM of MJ, PG and PTG were recorded as 11.9% and 241.4 um for
Bebeco and 32.5% - 164.9 um for Kabaasi (Table 1 and 2). In addition, the relationships between PG and
PTG were high with r=0.93 and r=0.97 for Bebeco and Kabaasi cultivars (Figure 3 and 4).
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Figure 1. Pollen germination (PG) percentages of two apricot cultivars treated with MJ concentrations.
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Figure 2. Pollen tube growth (PTG) of two apricot cultivars treated with different concentrations of MJ.
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Figure 3. Relationship between pollen germination (PG) and pollen tube growth (PTG) in Bebeco.
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Figure 4. Relationship between pollen germination (PG) and pollen tube growth (PTG) in Kabaasi.

Investigating the pollen germination and pollen tube length in apricot cultivars, Bolat and Pirlak (1999)
determined pollen germination as 45.6% in Hasanbey, 41.8% Salak, 39.6% in Karacabey and 35.9% in
Sekerpare. They recorded pollen tube length as 295um in Hasanbey, 306 um in Salak, 251 um in
Karacabey and 268 um in Sekerpare with 10% sucrose concentration using hanging-drop test. These
results had similarities with our results. In addition, they also stated that 20-25% sucrose concentrations
have an inhibitory effect on pollen germination and pollen tube length.

186



On the other hand, jasmonates interact with other phytohormones. They are thought play an important
role in senescence, stress, fruit growth and seed germination by affecting endogenous ethylene production
(Parthier 1990; Nojavan-Asgharian and Ishizawa 1998; Sembdner and Parthier 1993). It has been
reported that ethylene stimulates the germination of pollen grains in different species (Song et al. 1998).
This situation brings to mind that jasmonates may also affect pollen germination. However, studies
concerning effects on pollen germination of jasmomates are very limited.

Our studies showed that exogenous MJ applications in two apricot cultivars caused to inhibition of pollen
germination and pollen tube growth. Especially 0.5 mM and 1 mM concentrations of MJ highly inhibited
pollen germination and pollen tube growth while 0.1 mM and 0.25 mM treatments of MJ slightly
increased pollen germination and pollen tube growth.

Yildiz and Yilmaz (2002) reported that JA significantly inhibited the germination of strawberry pollen
and inhibition of the germination by JA was reduced by exogenously applied ethephon (an ethylene
releasing compound) and ACC (a precursor of ethylene). Many researchers claim that ethylene affects
seed germination of Amaranthus (Kepczynski and Bialdecka 1994) and (Nojavan-Asghari and Ishizawa
1998) Cocklebour. The production of ethylene is required for the inhibition of pollen germination by JA
(Y1ldiz and Yilmaz 2002; Saniewski et al. 1997). Jasmonic acid and its methyl ester methyl jasmonate
was identified in pollens and anther of C sinensis, C. japonica and C. Sasanqua by Yamane et al. (1981).
These researchers reported that jasmonic acid shows a nontoxic inhibitory effect, but MJ has not effect on
pollen germination.

In view of the result of this study, we suggest that jasmonates may have an important role in pollen
germination. A more detailed investigation of this subject would seem appropriate.

References

Andrea A, Vigliocco A, Alemano S, Miersch O, Botella MA, Abdala G (2005). Endogenous jasmonates
and octadecanoids in hypersensitive tomato mutants during germination and seedling
development in response to abiotic stress. Seed Sci. Research., 15: 309-318.

Baldwin IT (1998). Jasmonate-induced responses are costly but benefit plants under attack in native
populations. Proceed. Nati. Acad. Sci. USA., 95: 8113-8118.

Bolat I, Pirlak L (1999). An investigation on pollen viability, germination and tube growth in some stone
fruits. Turkish J. Agric. Forest. 23:383-388.

Brewbaker JL, Kwack BH (1963). The Essential role of calcium ion in pollen germination and pollen
tube growth. Amer. J. Botany 50 (9): 859-865.

Burg SP, Dijkman MJ (1967). Ethylene and auxin participation in pollen induced fading of vanda orchid
blossoms. Plant Physiol. 42: 1648-1650.

Kepczynski J, Bialecka B (1994). Stimulatory effect of ethephon, acc, gibberellin a3 and 4+7 on
germination of methyl jasmonate inhibited Amaranthus caudatus L. Seeds. Plant Growth Regul.,
14: 211-216.

Lee DE, Back K (2005). Ectopic expression of map kinase inhibits germination and seedling growth in
transgenic rice. Plant Growth Regul., 45: 251-257.

Munzur O, Giir N (2000). The Effect of heavy metals on the pollen tube growth of apples (Malus
sylvestris Miller cv. Golden). Turkish J. Biol., 24: 677-684.

Nojavan-Asghari M, Ishizawa K (1998). Inhibitory effects methyl jasmonate on the germination and
ethylene production in cocklebur seeds. J. Plant Growth Regul., 17: 13-18.

O’Neill SD (1997). Pollination regulation of flower development. Annu. Rev Plant Physiol. Plant Mol.
Biol., 48:547-574.

Parthier B (1990). Jasmonates: hormonal regulators or stress factors in leaf senescence. J. Plant Growth
Regul., 9: 57-63.

Perez AG, Sanz C, Olias R, Olias JM (1997). Effect of methyl jasmonate on in vitro strawberry ripening.
J. Agric. Food Chem., 45: 3733-3737.

Popova LP, Tsonav TD, Vaklinova SG (1988). Changes in some photosynthentic and photorespiratory
properties in barley leaves after treatment with jasmonic acid. J. Plant Physiol., 132:257-261.

Ranjan R, Lewak S (1995). Interaction of jasmonic and abscisic acid in the control of lipases and
proteases in germinating apple embryos. Physiol. Plant., 93: 421-426.

187



F. MURADOGLU, K.YILDIZ, F. BALTA

Sanders PM, Lee PY, Biesgen C, Boone JD, Beals TP, Weiler EW, Goldberg RB (2000). The
Arabidopsis delayed dehiscence gene encodes an enzyme in the jasmonic acid synthesis
pahyway. Plant Cell. 12:1041-1062.

Saniewski M, Czapski J (1983). The Effect of methyl jasmonate on lycopene and b-carotene
accumulation in ripening red tomatoes. Experientia (Basel) 39: 1373-1374.

Saniewski M, Nawacki J, Czapski J (1987). The Effect of methyl jasmonate on ethylene production and
ethylene-forming enzyme activity in tomatoes. J. Plant Physiol., 129: 175-180.

Sembdner G, Parthier B (1993). The Biochemistry and the physiological and molecular action of
jasmonates. Annu. Rev. Plant Physiol. Plant Mol. Biol., 33:569-589.

Shivanna KR, Rangaswamy NS (1992). Pollen Biology Laboratory Manual. Druckerei Kutschbach,
Berlin.

Song CP, An G, Cao GS, Du ZL, Zhu ZQ, Wang X, Yen LF (1998). Involvement of ca2+ in 1-
aminocyclopropane-1-carboxylic acid-stimulated pollen germination. J. Plant Growth Regul., 17:
95-99.

Staswick PE (1992). Jasmonate, gene and fragrant signals. Plant Physiol., 99: 804-807.

Staswick PE, Su W, Howel SH (1992). Methyl jasmonate inhibition of root growth and induction of a leaf
proteina decreased in an Arabidopsis thaliana mutant. Proceed. Nati. Acad. Sci., 9:6837-6840.

Stinzi, A, Browse J (2000). The Arabidopsis male sterile mutant opr3 lacks the 12-oxophytodienoic acid
reductase required for jasmonate synthesis. Proceed. The Nati. Acad. Sci. USA. 97:10625-
10630.

Wasternack C, Parthier B (1997). jasmonate signaled plant gene expression. Trends in Plant Sci., 2:302-
307.

Wasternack C, Hause B (2002). Jasmonates and octadecanoids: signals in plant stress responses and
development. Progress In Nuc. Acid Res. Mol. Biolo., 72:165-221.

Wilen RW, Van Rooijen GJH, Perale DW, Pharis RP, Holbrook LA, Moleney MM (1991). Effect of
jasmonic acids on embryo-specific processes in brassica aad linum oil seeds. Plant Physiol.,
95.399-405.

Yamane H, Abe H, Takahashi N (1981). Jasmonic acid and methyl jasmonate in pollens and anthers of
three Camellia species. Plant and Cell Physiol., 23 (6): 1125-1127.

Yeh CC, Tsay HS, Yeh JH, Tsai FY, Sahih CY, Kao CH (1995). A Comparative study of the effects of
methyl jasmonate and abscisic acid on some rice physiological. Processes. J. Plant Growth
Regul., 14: 23-28.

Yildiz K, Yilmaz H (2002). Effect of jasmonic acid, acc and ethephon on pollen germination in

strawberry. Plant Growth Regul., 38:145-148.

Yilmaz H, Yildiz K, Muradoglu F (2003). Effect of jasmonic acid on yield and quality of two strawberry

cultivars. J. Amer. Pom. Soc., 57(1):32-35.

Yildiz K, Yazict C, Muradoglu F (2007). Effect of jasmonic acid on germination dormant and

nondormant apple seeds. Asian J. Chem., 19 (2): 1098-1102.
Yildiz K, Muradoglu F, Yilmaz H (2008). The Effect of jasmonic acid on germination of dormant and
nondormant pear (Pyrus communis L.) seeds. Seed Sci. & Tech. 36: 569-574.

188



