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Abstract In vitro embryo culturing has arisen as a powerful tool for embryo germination 22 

of low viability seeds. This tool has been used to germinate seeds of early maturing or 23 

hybrid Prunus species. Myrobalan (Prunus cerasifera Ehrh.) is a widely used rootstock 24 

for plum and apricot cultivars, and its interspecific hybrids have a clear potential for 25 

breeding purposes. However, early seed abortion is often a problem in interspecific 26 

crosses since no protocol has been established yet for myrobalan seeds. In this work, we 27 

developed a procedure for in vitro germination of embryos of different sizes. Various 28 

factors affecting embryo germination, such as the culture media, the presence of 29 

cotyledons, the stratification temperature and the embryo size were tested in three 30 

different myrobalan clones. The developed protocol includes the use of full embryos 31 

that were stratified at 4ºC and cultured in C2d culture medium. The germination rate 32 

was strongly affected by the embryo size and reached 90% germination with 33 

intermediate- to large-sized embryos (6.5-10 mm). However, smaller embryos could 34 

also be germinated, and up to 30% germination was achieved with 0.5- to 2-mm long 35 

embryos. The results obtained here provide a protocol for in vitro germination of 36 

myrobalan embryos that will likely be helpful in breeding programs. 37 

 38 

Breeding programs in fruit trees are usually based on the introgression of genes 39 

via interspecific distant crosses. These hybridizations produce aborted seeds because 40 

their development is arrested at an early stage, therefore it is difficult for the seeds to 41 

germinate with conventional methods. Low viability seeds also occur either when the 42 



embryos come from early maturing fruits where seeds do not reach mature stage or 43 

when the embryos come from stenospermic seedless fruits, such as in grape varieties. In 44 

all these cases embryo rescue has been successfully used to overcome the low viability 45 

of these seeds (Ramming, 1990).  46 

In Prunus, since the early Tukey experiments (1933), there have been a number 47 

of examples of the use of ovule culture in breeding programs, primarily for early 48 

maturing peaches and nectarines (Ramming, 1985; Emershad and Ramming, 1994; 49 

Pinto et al., 1994; Ramming et al., 2003; Sinclair and Byrne, 2003). In addition, in vitro 50 

culturing of embryos has been used to overcome early embryo abortion in interspecific 51 

hybrids (Ledbetter et al., 1998; Liu et al., 2007; Stanys, 1998). 52 

The success of raising plants from immature or aborted embryos depends upon 53 

their stage of maturity at the culture time. Even very immature embryos have been 54 

successfully rescued using complex media and procedures by culturing whole ovules or 55 

even ovaries (Sharma et al., 1996). Several studies in the Prunus species have related 56 

success in in vitro embryo germination to embryo size in peach (Chaparro and Sherman, 57 

1994), apricot (Burgos and Ledbetter, 1993), or interspecific peach hybrids (Liu et al., 58 

2007). 59 

Fruit breeding programs specifically utilize in vitro embryo culture since fruit 60 

tree breeding is a long process and since postzygotic incompatibility barriers with low 61 

viability seeds often appear. Myrobalan (Prunus cerasifera Ehrh.) has been largely used 62 

as a fruit tree rootstock for the plum and apricot because of its rusticity and adaptability 63 

to several soil conditions (Wertheim, 1998). In addition, myrobalan has also been used 64 

as a parent in several rootstock and edible plum breeding programs (Okie and 65 

Weinberger, 1996). However, no in vitro protocols have yet been developed for 66 

myrobalan seeds. In this work, we describe a procedure for the in vitro culturing of 67 



myrobalan embryos in order to facilitate plant recovery from interspecific crosses. For 68 

this purpose, we performed different experiments with three myrobalan genotypes in 69 

order to determine the culture media composition and the stratification temperature. In 70 

addition, the effect of the embryo size on germination was shown to be a critical factor 71 

for successful rescue of embryos.  72 

 73 

Materials and Methods 74 

Plant material. Three myrobalan (P. cerasifera) clones (named ‘Myrobalan 1’ to 75 

‘Myrobalan 3’) maintained in the orchard collection of the Experimental Research 76 

Station of Aula Dei-CSIC (Zaragoza, Spain) were selected based on their appropriate 77 

characteristics as fruit tree rootstocks. In the first experiment, immature fruits were 78 

collected 12 weeks after pollination from open-pollinated trees. Second, in order to 79 

obtain seeds with different embryo sizes, since the open-pollinated fruits rarely 80 

contained small embryos, seeds were collected from F1 fruits from interspecific crosses 81 

between P. cerasifera and P. armeniaca where seeds of different sizes are present 82 

because of embryo abortion. Embryo development in these crosses were arrested at an 83 

early stage  due to incompatibility barriers (Arbeloa et al., 2006). The three Myrobalan 84 

clones (Myrobalan 1’ to ‘Myrobalan 3’) were pollinated for these interspecific crosses. 85 

Culture conditions: culture media, presence of cotyledons and stratification 86 

temperature. The immature open-pollinated fruits were harvested, seeds were excised 87 

and the embryos were dissected in aseptic conditions. Embryo length was recorded at 88 

the time of culture. In order to study the possible effect of cotyledons on germination, 89 

three explant types were tested: embryos with full cotyledons, embryos with cotyledons 90 

cut in half, or isolated embryonic axis without cotyledons. Two types of culture media 91 

were used: 1) the Chée and Pool (1987) medium (C2d) and 2) a Murashige and Skoog 92 



(1962) medium (MS) with increased thiamine concentration to 1.19 µM. Both media 93 

did not contain growth regulators, but did contain 87.6 mM sucrose gelled with 0.7% 94 

Difco-Bacto agar and they were dispensed (10 ml each) into test tubes (25-mm 95 

diameter) covered with polypropylene caps. Sixteen seeds of each type were cultured.  96 

Seeds were stratified in vitro at a low temperature until the roots emerged (2-3 97 

months), as seen by regular monitoring. Two stratification temperatures, 0ºC and 4ºC, 98 

were tested during the stratification period in the dark. The embryos were then placed in 99 

a culture chamber at 24ºC with a photoperiod of 16 h and 35 µmol.m-2.s-1 of light 100 

intensity provided by cool-white fluorescent tubes. The germination was scored once 101 

the root and a small shoot (1-2 mm) emerged.  102 

Effect of the embryo size. The F1 fruits from the three maternal genotypes 103 

(Myrobalan 1-3) (Arbeloa et al., 2006) were harvested 12 weeks after pollination and 104 

the embryos excised in aseptic conditions. The embryo length was measured before 105 

sowing, and the embryos were grouped into five classes (Table 1). A total of 241 106 

embryos from the three myrobalan trees were tested. The embryo size ranged from 0.5-107 

2 mm to 8.5-10 mm with the full size of the embryo at 10 mm. 108 

Germination was assessed by observation of the embryo development, as 109 

described in the previous experiments. 110 

Data analysis. The embryo germination data were compared with the proportion 111 

test (‘prop. test’) of the R statistical package (R Development Core Team, 2008). This 112 

test calculates the chi-square values and their corresponding significance (p-values). 113 

Germination of the embryos of different sizes was analyzed by using the previously 114 

mentioned prop. test in order to look for independence between both germination and 115 

size, and germination and genotype. In addition, the effect of embryo size on 116 

germination was studied with the same statistical package by using logistic regression 117 



analysis of the germination probabilities transformed with the logit link function to fit 118 

generalized linear models with binomial errors and to obtain deviance tables that are 119 

analogous to ANOVA tables (Dalgaard, 2002). 120 

 121 

Results 122 

Culture conditions: culture media, presence of cotyledons and stratification 123 

temperature. Germination took place once the embryos were placed in the culture 124 

chamber at 24ºC following stratification. Germination commonly started with root 125 

emergence (Figure 1, A) followed by shoot emergence (Figure 1, B)  126 

Neither the culture media nor the presence or absence of cotyledons showed 127 

statistically significant differences in the embryo germination rate (Table 2). 128 

Germination in both media was very close and ranged from 85 to 89%. Likewise, 129 

germination was also very similar for the three explant types and ranged from 84 to 130 

90% (Table 2).  131 

Two different stratification temperatures, 0ºC and 4ºC, were tested prior to 132 

germination in a culture chamber at 24ºC. Germination was highly influenced by the 133 

stratification temperature. The temperature had a noticeable effect since only 26% of the 134 

seeds germinated at 0ºC, but germination increased up to 82% at 4ºC. Differences in 135 

germination rate at 0ºC or 4ºC are statistically significant at the P≤0.05 level following 136 

a χ2 test. No rosette-type plants were present among the germinated plants after 137 

stratification at 0ºC or 4ºC.  138 

Effect of the embryo size. From the results of the previous experiments, the 139 

following experimental conditions were chosen to study the effect of embryo size on 140 

germination rate. Embryos with full cotyledons were cultured in C2d medium and were 141 

stratified at 4 ºC.  Since cross-pollinated fruits (F1) were used, the seed size varied from 142 



0.5 to 10 mm in the three myrobalan genotypes which represents from 5% to 100% of 143 

final seed size. The embryos were more abundant in larger classes 4 and 5 (6.5 to 10 144 

mm in length), although all categories were represented in the three genotypes (Table 145 

1).  146 

We achieved an overall germination rate of 81% of the seeds. Germination 147 

increased with size, and the different genotypes had a similar trend (Figure 2A). The 148 

embryos sized between 6.5 and 10 mm in length reached a germination rate of 90% of 149 

the seeds whereas the embryos sized between 4.5 and 6 mm (class 3) reached a 150 

germination rate of 72% (Figure 2B). In addition, while an adequate germination rate of 151 

50% was already achieved at a size of 2.5-4 mm in length (Figure 2B), effective 152 

germination resulted even in aborted seeds from 0.5 to 2 mm in length (class 1), since a 153 

percentage of  23% to 33% of the embryos grew into plants (Figure 2A).  154 

Within  each  F1  genotype,  there  was  a  significant  regression  between 155 

germination and the rank of the embryo size following a logistic regression analysis of 156 

the transformed germination probabilities, indicating a direct effect of the embryo size 157 

on germination,  thus,  logistic  regression models explained between 72% and 88% of 158 

the deviance found depending on the genotype, being highest when data were pooled 159 

(94%) (Figure 2B). There were no significant differences in the germination rate between 160 

the genotypes for each embryo size, except in size class 4 (6.5-8 mm), where Myrobalan 161 

3-F1 displayed a significantly higher rate than Myrobalan 1-F1 and Myrobalan 2-F1. The 162 

genotypes 1 and 2 did not show any significant differences between them (Figure 2A).  163 

 164 

Discussion 165 

We achieved an adequate and elevated in vitro germination rate of myrobalan 166 

embryos by using a set of culture conditions defined in our protocol. The proposed 167 



protocol for in vitro myrobalan embryo culturing includes the use of whole embryos 168 

cultured on Chée and Pool medium (C2d), their stratification at 4ºC and posterior 169 

growth in a chamber at 24ºC. Additionally, in this work, we have confirmed a strong 170 

influence of embryo size on the germination rate of myrobalan. 171 

Two different culture media were tested here and showed no differences in 172 

embryo germination for myrobalan. Although the Chée and Pool (1987) culture medium 173 

has been recommended for the plum embryos (Emershad and Ramming, 1994), in this 174 

work we found that both the Chée and Pool medium and the Murashige and Skoog 175 

medium work well for myrobalan. Growth regulators were not used since they are not a 176 

requirement when the embryo has already reached a particular size or an autotrophic 177 

stage (Raghavan, 2003). In our case, germination at a lower rate was reached even in 178 

small-sized embryos (0.5-2 mm in length) without growth regulators. 179 

Our results show that the absence or presence of full or half cotyledons did not 180 

improve germination. All three types of explants tested did not show differences in their 181 

germination rate. Cotyledons have the ability to inhibit growth in peach, forming a 182 

dwarf plant, but this can be overcome by cotyledon removal or chilling treatments (Taiz 183 

and Zeiger, 2002). The presence of cotyledons in myrobalan seeds did not reduce the 184 

germination rate, as has been seen in other recalcitrant seeds (Sánchez-Romero et al., 185 

2007), nor did it produce dwarf plants; therefore, the use of intact embryos with 186 

cotyledons will facilitate seed manipulations.  187 

In order to overcome dormancy, the stratification temperature played a critical 188 

role in myrobalan seeds, resulting in a higher number of germinated plants at 4ºC than 189 

at 0ºC, although the effect of low temperature has been shown to be genotype dependent 190 

(Daorden et al., 2002, 2004). The mechanism of dormancy is present in the seeds of 191 

Prunus species (García-Gusano et al., 2004; Hartmann, et al., 1990). The dormancy 192 



period was required, even for germination of immature embryos of Prunus domestica 193 

(Kukharchyck and Kastrickaya, 2006) and to avoid rosette-type plants (Burgos and 194 

Ledbetter, 1993). In several species of Prunus, different temperatures have been used 195 

for seed stratification, ranging from 0.5ºC (Emershad and Ramming, 1994; Ramming, 196 

1990) to 5ºC (Anderson et al., 2002; Ledbetter et al., 1998). However, the use of 197 

different temperatures has not been compared in one seed type. In this work, we have 198 

shown an indisputable effect of temperature on the germination rate. The stratification 199 

temperature became critical in vitro, and this was also the case with conventional 200 

methods (Hartmann et al., 1990; Herrero, 1978).  201 

The germination rate was strongly affected by embryo size. A main factor 202 

limiting the successful embryo cultures was the size of the embryo at the time of 203 

transfer onto the nutrient medium (Bridgen, 1994; Moore and Janick, 1983). The 204 

embryo size depends on the embryo developmental stage (Burgos and Ledbeter, 1993), 205 

and many efforts have been devoted in Prunus to find the minimum size at which 206 

germination will be successful (Bassi and Infante, 1994; Chaparro and Sherman, 1994; 207 

Liu et al., 2007; Sinclair and Byrne, 2003; Stanys, 1998). There is a critical size, under 208 

which direct embryo germination is not possible, and thus the entire ovule culture 209 

should be given time to allow the small embryos to reach the minimum size  needed for 210 

germination (Hartmann et al., 1990; Sharma et al., 1996), although this size differs 211 

among species and conditions. While these results may seem variable, the result is clear 212 

when the embryo size is expressed as a percentage of the final seed size. In our case, an 213 

embryo size of 50% of the final seed size (5 mm in length) had high germination rates 214 

(73%). Below this size (30% of the final seed size) had a 50% rate of germination, and 215 

at even smaller sizes (≤ 2mm) a 30% germination rate was achieved, thus allowing for 216 

germination of a relatively high percentage of aborted seeds to occur. In other Prunus 217 



species, a similar decrease was seen in correlation between germination and seed size. 218 

In Prunus avium hybrids, when embryo size was 1/3 of the seed size, the germination 219 

rate was only 40% (Kukharchyck and Kastrickaya, 2006). Similarly, in Prunus persica 220 

hybrids, a critical size of 50% of seed size was stated to be required for germination 221 

(Liu et al., 2007). The seed development model is highly conserved, and these 222 

proportions set a baseline for embryo rescue in other Prunus species. 223 

Our results provide an in vitro method for the routine embryo culturing of 224 

myrobalan with a critical embryo size between 4.5 and 6 mm in length or 45-60% of the 225 

full the seed size in order to achieve high seedling recovery with easy and direct embryo 226 

germination. Moreover, this protocol successfully rescues small embryos and will 227 

contribute to improve genotype recovery after distant cross-pollinations in fruit 228 

breeding programs. 229 
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Table 1. Number of embryos cultured for each length class and genotype  304 

 305 

Embryo length 

classes 

 
Myrobalan 1-F1 

 
Myrobalan 2-F1  

 
Myrobalan 3-F1 

 

TOTAL 

1 (0.5-2 mm) 3 23 17 43 

2 (2.5-4mm) 10 10 19 39 

3 (4.5-6mm) 15 13 37 65 

4 (6.5-8mm) 77 27 94 198 

5 (8.5-10mm) 47 14 180 241 



Table 2. Germination percentage of myrobalan embryos of three different types (full 306 

embryos, half cotyledon embryos and embryonic axis) in two different culture media 307 

(C2d and MS)  308 

NS – Nonsignificant differences  309 

          310 

Explant / Culture medium C2d MS Average across media

Full embryos 93.7 81.2 87.5 NS 

Half cotyledon embryos 93.7 75 84.3  NS 

Embryonic axis 81.2 100 90.6 NS 

Average across explants 89.6 NS 85.4 NS  

 311 



Figure 1. (A) Radicle emergence in a myrobalan embryo with full cotyledons following 312 

2 months of stratification at 4ºC. (B) Germinated embryo 14 days after growth in a 313 

culture chamber at 24ºC showing both the developed shoot and root. 314 

 315 

Figure 2. A) Germination rate vs. embryo size in the F1 of the three myrobalan clones. 316 

Different letters show significant differences in germination at P≤0.05 level. B) 317 

Germination rate vs. embryo size in the F1 (pooled data). The logistic regression 318 

coefficient (L.R.C.) that is analogous to the “slope” in conventional linear regression 319 

analysis, and the explained deviance (E.D.) by the model, expressed as the percentage 320 

of total deviance found in the logistic regression analysis are included (***: significant 321 

at P≤0.001).  322 

 323 
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