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Article 
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Abstract: Breeding early-maturing cultivars is one of the most important objectives for pear breeding. Very 

early-maturing pear provides an excellent parental material for crossing, while the immature embryo and low 

seed germination of its hybrid progenies often limit the selection and breeding of new early-maturing pear 

cultivars. In this study, we choose a very early maturing pear cultivar ‘Pearl Pear’ as study object, and 
investigate the effects of cold stratification, culture medium and seed coat on the germination and growth of 

early maturing pear seeds. Our results show that cold stratification (4℃) treatment could significantly improve 

the germination rates of early maturing pear seeds. A 100 days of cold temperature pre-treatment and 

germination on White medium could increase the germination rate up to 84.54%. We also observe that seed 

coat removal could improve the germination activity of early maturing pear seeds, and middle seed coat 

removal (MSR) represents an optimal method with its high germination rate and low contamination. The 

results of our study established an improved protocol for seed germination of early-maturing pear seeds, which 

will greatly facilitate the breeding of new very early-maturing pear cultivars.  

Keywords: Pyrus pyrifolia; early-maturing; seed; germination; dormancy 

 

1. Introduction  

Pear (Pyrus spp.) is one of the most commercially important fruit tree and is widely cultivated in 

temperate regions of the world[1]. As a potential source of dietary fiber, vitamins and bioactive 

compounds for human diet, pear fruit has gained great popularity in Europe and Asia[2]. China has 

abundant pear variety resources, with over 2000 preserved varieties.According to statistics from the 

National Bureau of Statistics of China, in 2022, the cultivation area of pears in China was 

approximately 920000 hectares, with a yield of 19 million tons. Among them, pear trees were planted 

on a larger scale in Xinjiang, Hebei, Shandong, and other regions of China[3]. Over the past 20 years, 

the plantation area and production of pear have increased considerably, but the market is dominated 

by medium to late maturing cultivars[4]. These cultivars have similar fruits maturing periods, 

concentrated market time, and high sales pressure, resulting in low economic benefits, in addition 

the concentrated supply time cannot meet the growing market demand. Therefore, development of 

new early-maturing, high yielding pear cultivars has become one of the main goals in pear breeding 

programs[5]. 

In recent years, a number of representative early-maturing cultivars have been bred, such as 

‘Sucui 1’ and ‘Cuiyu’ of China, ‘Starkimson’ of America, ‘Madeleine’ of France, ‘Samlitoto’ of Italy 
etc . Compared to late-maturing cultivars, embryos from early-maturing cultivars have shorter fruit 

development periods, less mature embryos and lower seed viability[9]. The low percent germination 

rate of seeds and poor regeneration limits the breeding of very earlier-maturing pear cultivars. In 

vitro culture represents a powerful tool and has been widely applied in fruit breeding programs, 
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especially in hybridization of early maturing cultivars[10]. By culturing immature embryos or seeds 

in the nutrient medium under aseptic conditions, this method improves the germination rate and 

production of plants, greatly facilitates the breeding of superior early maturing cultivars[11–14]. 

Using this technique, successful cases have been reported to breed early maturing cultivars in grapes, 

peaches and sweet cherries[15–17]. However, the application of in vitro culture methods in the 

breeding of very early maturing pear cultivars, is still limited.  

Although in vitro culture is an effective way to rescue immature embryos and enhance seed 

germination, the success of this procedure depends on many factors, such as the composition of the 

growth medium, the developmental stage of tissues, cultivation conditions[18–20]. Selection of 

appropriate nutrition media is one of the most important steps in tissue culture[21]. Murashige and 

Skoog [22] medium is the most widely used nutrient medium in embryo and seed culture. In 

addition, Gamborg's B5[23], Knopp and woody plant (WP)[24], White[25] medium etc. were also 

found to be ideal for in vitro seed germination and seedling development. For example, the 

germination rate of early-raping grape embryos was significantly increased by culturing on White 

medium[26]. Generally, a period of cold treatment prior to germination is required to break seed 

dormancy. Hence, temperature and duration of stratification is another key factor for the success of 

in vitro seed culture[18–20]. Studies have shown that the optimal temperature and duration of cold 

stratification vary greatly among tissues and species. Studies have shown that the duration of 

stratification for pear seeds is 40 to 50 days[18–20]. Since the dormancy level is also affected by 

maturity, a longer cold treatment time may be required for early maturing cultivars with poorly 

developed seeds. Therefore, to obtain a better germination rate for early maturing pear cultivars, it is 

necessary to determine the optimal culture medium and culture conditions[31]. 

‘Pearl Pear’ (Pyrus pyrifolia Nakai group) is a very early-maturing variety derived from 

interspecific crosses between Japanese sand pear variety ‘Yakumo’ and French early-maturing pear 

variety ‘Beurre Gifard’ [32]. It mature in early summer and has a fruit growth period of only 73 days, 

providing an excellent parent material for breeding potential super-early progenies[33]. However, 

during the breeding process, we found that the germination rate of pearl pear seeds is relatively low, 

only less than 20%. The germination of pearl pears may be affected by factors such as incomplete 

embryo development, low seed content, lack of sufficient low-temperature conditions, and physical 

limitations of the seed coat. which often limit its application in breeding programs [34]. In this study, 

we investigated the effects of culture medium, temperature and duration of cold stratification, and 

seed coat on the germination percentage and seedling vigor of ‘Pearl Pear’ hybrids. Our research aims 
to establish an efficient in vitro seed germination protocol for early-maturing pears seeds,which can 

further promote the breeding and selection of new early-maturing pear or other fruits cultivars. 

2. Material and methods 

2.1. Plant materials and sterilization 

The experiment was carried out on the hybrid progenies of ‘Pearl Pear’. The fruits were collected 
in June of 2022 from the fruit germplasm nursery of Jiangsu academy of agricultural sciences in 

Nanjing, China. The seeds were separated from the equatorial line of the fruits by knife. The 

impurities and vigourless seeds were removed as complete as possible, then collect the  seeds into a 

clean and sealed collection tube, and proceed with the subsequent operation on the ultra clean 

workbench. The seeds should be soaked in 70% ethanol (C2H5OH) for 1 minute, then washed with 

sterile distilled water and soaked in 2% sodium hypochlorite (NaOCl) for 8 minutes. After rinsed in 

sterile distilled water 3-5 times, and mix and leave for 3 min during cleaning to fully wash away the 

residual sodium hypochlorite. After cleaning, transfer the seeds to sterilized filter paper, which 

absorbs excess water. Then clamp the seeds into a triangular flask containing culture medium by 

tweezers, with 5-6 seeds placed in each bottle., 

2.2. Effects of different cold temperature treatment methods on seed germination 
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Collect mature pearl pear fruits, take out the seeds and air dry them at 25 ℃ for later use. The 

seeds were treated at cold temperature for 60 days by sand stratification, wet filter paper, MS medium 

and fruit storage, and were treated at normal temperature at 25 ℃ as the corresponding control. After 

the treatment, the seeds were transferred to the light culture room at 25℃ for germination, and the 

germination of the seeds was counted at 12 days. 

2.3. Effects of duration of cold temperature treatment on seed germination 

In order to explore the effects of different duration and cold temperature treatment methods on 

seed germination,  two treatment groups were set up in the experiment, seed preservation group 

and fruit preservation group. For seed preservation group, seeds were sterilized and incubated on 

MS medium at 4°C for 0, 25, 50, 75, 100, or 125 days in the dark. After cold stratification, the seeds 

were germinated at 25 °C for 12 h and 16 °C for 12 h. For fruit preservation group, fruits were directly 

incubated at 4°C for 0, 25, 50, 75, 100, or 125 days in the dark. After cold stratification, the seeds were 

separated from fruits and germinated using the same method as seed preservation group. After two 

weeks of cultivation, seed germination, the rooting rate and cotyledon extension rate were measured 

for both groups. 

2.4. Effect of nutrient media on seed germination and seedling establishment 

Five different mediums (MS, C167, White, G398 and M519) were selected in this study, all of 

which were supplemented with 3% sucrose and 0.7% agar. The pH of media was adjusted to 5.7. The 

fully sterilized seeds were transferred to triangular bottles containing different media, with 5 seeds 

placed in each bottle to facilitate seed growth and subsequent statistics. The isolated seeds were 

incubated at 4°C for 100 days, then applied to the plates under aseptic conditions. The mediums were 

maintained in culture room at 25 °C for 12 h and 16 °C for 12 h. After two weeks of cultivation, seed 

germination, rooting rate and cotyledon extension rate were measured.  

2.5. Effect of seed coat removal on germination 

For fruit preservation group, the seeds were separated from fruits in the ultra clean workbench 

after 100 days of cold stratification, and processed with apical seed coat removal (ASR), middle seed 

coat removal (MSR), lateral seed coat removal (LSR) and full seed coat removal (FSR), respectively 

(Figure 1). These four methods indicates the apical (near the radicle), middle (the upper 1/2 of the 

cotyledons), lateral portions of the seed coat, and the entire seed coat, were dissected and removed 

respectively. The seeds treated with different cutting parts are placed in a new triangular flask 

containing culture medium, and then placed in a culture room to observe the germination of the 

seeds. The following germination tests were conducted using the method described above. 
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Figure 1. Four different seed coat removal methods. (A) Control group; (B) Apical seed coat removal 

(ASR); (C) Middle seed coat removal (MSR); (D) Lateral seed coat removal (LSR); (E) Full seed coat 

removal (FSR). 

2.6. Statistical analysis 

All studies were performed in a completely randomized design with three replications (petri 

dishes) per treatment and 50 seeds per treatment per replication. Germination percentage was 

calculated as (number of seeds showing radicle emergence after culture/total number of seeds 

cultured) × 100%. The root length was measured by a vernier caliper. Rooting rate was calculated as 

(number of seeds with root length over 1 cm/total number of seeds cultured) × 100%. Cotyledon 

extension rate was calculated as (number of fully expanded seeds of cotyledons/total number of seeds 

cultured) × 100%. Data were analyzed using the SPSS 17.0. The significance of differences was 

performed by analysis of variance (ANOVA) and the significance level was set at P < 0.05. 

3. Results 

3.1. Effects of different cold treatment on seed germination of ‘Pearl pear’ 

To break the seed dormancy, The seeds were treated at 4 ℃ for 60 days using different methods 

such as sand stratification, wet filter paper, MS medium, and fruit storage. The results showed that 

the germination rate of seeds treated with MS medium method was the highest, at 43.86%, followed 

by wet filter paper method, with a germination rate of 28.35%, while the germination rate of seeds 

treated with conventional sand storage layer method was 19.43%. It is worth noting that the 

germination rate of the fruit storage method is only 2.8%, which may be due to the limitation of the 

seed coat. The seeds treated at 25 ℃ did not germinate. This indicates that cold temperature is a 

necessary condition for pear seed germination, and different cold temperature treatment methods 
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have different effects on promoting seed germination, cold temperature pretreatment with culture 

medium germination is an effective way to improve the seed germination of early maturing pear. 

  

Figure 2. Germination rates of early maturing pear seeds with different cold treatment. 

3.2. Effect of the duration of cold stratification on the seed germination and growth 

We pretreated both the ‘Pearl pear’ fruits and seeds with 4℃ for 25 to 125 days to determine 

the optimal time of cold stratification for the germination of early-maturing pear seeds. Then, all 

the seeds were germinated on the MS culture medium. The results showed that the germination 

rate of seed preservation group were significantly improved after 25 days of cold temperature 

pretreatment, and continued to increase with prolonged treatment time (Figure 3A). The 

germination rate reached to the highest (84.51%) at 100 days of treatment, and gradually 

decreased afterwards. For the fruit preservation group, the germination rate also improved by 

cold temperature pretreatment and peaked at day 100, but was significantly lower than seed 

preservation group (6.89% vs. 84.51%, p = 0.03). For seed preservation group, we further 

investigated the time of cold temperature pretreatment on rooting and cotyledon elongation 

(Figure 3B). The results showed that both rooting rate and cotyledon elongation rate increased 

with treatment time and peaked at 100 days (75.51% and 65.91%), which had similar tendency 

with seed germination rate. Therefore, our findings suggest cold stratification (4°C) for 100 days 

is best for the germination and growth of early-maturing pear seeds. 
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Figure 3. (A) Germination rates of early-maturing pear fruits and seeds with 4℃ pre-treatment for 25 

to 125 days; (B) Rooting rates and cotyledon elongation rates of early-maturing pear fruits and seeds 

with 4℃ pre-treatment for 25 to 125 days. 

3.3. Effects of nutrient medium on seed germination and seedling establishment 

To explore the optimum culture medium for seed germination, five different culture media were 

used for the germination of early maturing pear seeds. At day 6, pear seeds on White and M519 

culture medium have a high germination percentage of 72.98% and 72.96%. At day 12, the 

germination rate on White increased to 83.62%, and C167 culture medium has a germination 

percentage over 80% among the rest. At day 18, the germination rate on White remained the highest 

and reached to 86.54%, followed by a percentage of 83.36% on MS culture medium and 81.73% on 

C167 culture medium (Figure 4A). 

 Besides, we also observed that the rooting rate and cotyledon elongation rate were higher on 

White culture medium than other media. After different media treatments, the root growth rate and 

cotyledon elongation rate of hybrid seeds of Pear Pear increased with time. On the 12th day, the 

culture medium with higher seed rooting rate was WHITE medium, which was as high as 70.85%, 

significantly higher than 54.9% in MS culture and 50.72% in M519 culture. The rooting rates of G398 

and C167 media were relatively poor, reaching 40.7% and 31.15% on the 12th day, respectively 

(Figure 4B). In addition, the extension of cotyledons treated with different media was recorded after 

6, 12, and 18 days of cultivation at 28 ℃. The investigation found that with the extension of time, the 

elongation rate of cotyledons in different treatments continued to increase, and the germination 

potential remained relatively high from 12 days to 18 days. On the 12th day, the elongation rate of 

cotyledons in the WHITE treatment group was as high as 72.98%, significantly higher than the results 

of other treatments. At the 18th day, the elongation rate of cotyledons in each treatment reached the 

highest level. The WHTIE and MS media showed better elongation, with elongation rates of 76.51% 
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and 75.91%, respectively. The second medium was C167, M519, and G398, with elongation rates of 

68.21%, 58.43%, and 50.94%, respectively. (Figure 4C) 

 

Figure 3. (A) Germination rates of early-maturing pear seeds on seven different culture media; (B) 

Rooting rates of early-maturing pear seeds on seven different culture media; (C) Cotyledon elongation 

rates of early-maturing pear seeds on five different culture media. 

Taking together, according to the investigation and statistics of seed germination, root growth 

and cotyledon extension of hybrid offspring of Pearl pear on different medium, it was concluded that 

the medium conditions for seed germination and growth promotion effect of pearl pear were 

WHITE>MS>C167>G398>M519, we recommend using White culture medium for the germination of 

early maturing pear seeds. The growth of seeds in each medium was shown in Figure 4. 
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Figure 4. Seed growth under different medium conditions. 

3.4. Effect of different seed coat removal on germination and growth rates 

In experiments on the effects of different low-temperature treatments on seed germination, after 

different periods of low-temperature treatment of the fruit, it was found that although the same 

period of low-temperature treatment was also applied, the germination rate of hybrid offspring seeds 

preserved in the fruit was much lower than that treated in the culture medium, which we speculate 

may be due to physical limitations of the seed coat. Therefore, we continued to conduct experiments 

on seed coat removal on the basis of the seed preservation group. Among the four different methods 

of seed coat removal, FSR treatment had highest germination rates from day 6 to day 18, followed by 

MSR treatment. At day 18, the germination rates reached to 87.7% and 85.2% in FSR and MSR groups, 

which were significant higher than control group (6.7%) (Table 1).  

Although FSR treatment has the highest germination rate among the four methods, it also more 

complex, time-consuming, and greatly increases the risk of pollution during the operation process. 

Hence, MSR treatment might be an ideal way to improve the germination rate for fruit preservation 

group. Then we investigate the effects of MSR treatment on rooting and cotyledon elongation. The 

results indicated that the rates of rooting and cotyledon elongation increased to 42.3% and 46.2% at 

day 18, which significantly higher than the control groups (Table 2). In summary, cold temperature 

pretreatment with seed coat removal can be an effective way to improve the rates of germination, 

rooting and cotyledon elongation for seeds that preserve in fruits. The germination rate of seeds after 

MSR is slightly lower than that of FSR, but the operation is simple and has little impact on the growth 

of seeds after germination. And the application of culture medium in the experiment can timely 

supply the nutrients needed for germination and growth. Therefore, from a comprehensive 

perspective, the middle cutting treatment is the best operating method for breaking the seed coat of 

pearl pear seeds. 

Table 1. Germination rates of four seed coat removal methods. 

 Germination rate (%) 

Cold stratification (days)  Control ASR MSR LSR FSR 

6 4.88 23.52 28.83 45.75 53.74 

12 10.34 35.14 47.16 69.34 75.22 

18 7.32 41.67 51.75 85.22 87.73 

Table 2. Rooting and cotyledon elongation rates of middle seed coat removal (MSR) method. 

 Rooting rate (%) Cotyledon elongation rate (%) 

Cold stratification (days)  Control MSR Control MSR 

6 0.00 19.61 0.00 16.37 

12 3.92 37.79 3.45 32.79 

18 4.55 42.31 4.17 46.15 
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4. Discussion 

Seed dormancy is a key factor impeding seed germination of early maturing cultivars. Seed 

dormancy are often affected by physiological processes or/and structural characteristics[35]. For 

seeds with morphological dormancy (MD), cold stratification treatment is an effective way to 

stimulate the seed germination [36]. In this study, we treated both seeds and fruits separately with 

cold condition (4°C), and found that seed germination of early-maturing hybrids was significantly 

improved for seed preservation group (Figure 2). For fruit preservation group, we found that seed 

germination rates were much lower than that of the seed preservation group. After dissecting the 

fruit, we observed that seed coat color had changed from white to dark brown, indicating the 

completion of the post-maturing process [37]. We speculated that the fruit pulp may weaken the 

seed’s ability to perceive changes in the external environment, together with the isolation of oxygen, 
limit the seed germination[18–20]. For seed preservation group, the pear seeds reached to their 

highest germination rates of 85% with a 100-days period of cold stratification. Cold stratification 

treatment is consistent with the natural conditions that seeds endure before germination, and the 

optimal period of cold stratification varies between and within species [18–20]. In general, 30 to 60 

days cold duration can overcome embryo dormancy problem in many plants[42–44]. For instance, 

cold stratification for a period of 60 days can completely break seed dormancy of Callery pear (Pyrus 

calleryana Decne.)[45], and it takes about only 30 days for late-maturing variety ‘Huangguan’ pear 
(Pyrus bretschneideri Rehd.) to reach 90.5% of seed germination[46]. While for early maturing pear 

cultivars, our study showed that longer periods of cold stratification, at least three months, is 

necessary for better seed germination. 

Improving the seed germination and seedling establishment is a key step to accelerate the 

breeding of new early-raping pear cultivars[33]. In vitro culture methods are widely used in 

improving the low seed germination of early maturing cultivars in many fruit species[47–49]. In this 

study, high germination rates were also achieved by using the in vitro seed culture method for the 

very early maturing pear cultivar hybrids. Generally, MS medium is the most widely used medium 

for embryo germination and seedling growth[50]. However, nutritional requirements varies among 

different species and seed types. For instance, it has found that Hyponex medium had the best effect 

on the germination of hybrid seeds from immature capsules [51]; Meng et al. greatly improved the 

rooting rate of ‘Dangshan’ pear transgenic seedlings by culturing on ASH and PG culture 
mediums[52] . Among the five mediums applied to ‘Pearl Pear’ hybrids, we found that MS and White 
media are more effective in promoting seed germination. While for rooting and cotyledon extension 

after seed germination, the effect of White medium was the best. MS medium is characterized by high 

salt concentration, while some studies have shown that high salinity have negative effects on 

germination percentage, seedling growth and chlorophyll content etc[53]. The analysis of nutrients 

in each culture found that WHITE medium contained less inorganic salts and increased the content 

of boron, which was more conducive to seed germination and seedling rooting of early-raping pear 

cultivars. 

In addition to embryo dormancy, seed coat-imposed dormancy is another important mechanism 

that restricts seed germination by supplying inhibitory substances, impermeability or mechanical 

resistance[54]. Studies have found that seed coat play an important role in maintaining pear seed 

dormancy, and removing seed coat can significantly improve the seed germination of pears[47–49]. 

Some studies suggested that pear seed coat contains inhibitory substances like ABA hormone that 

inhibit seed germination[47–49]. In this study, we found that all the different seed coat removal 

methods increased the seed germination of ‘Pearl Pear’ hybrids in varying degrees, indicating that 

seed coat may also has mechanical resistance on pear seed germination. Although the germination 

rates reached to 87.7% with full seed coat removal, the operation of this method is complicated and 

time-consuming, which greatly increases the risk of contamination. In contrast, middle seed coat 

removal has a high germination of 85.2% but very low contamination. It promoted cotyledon 

emergence more than lateral seed coat removal, and did not harm the radicle like apical seed coat 

removal. Hence, we suggest that middle seed coat removal is ideal for relieving the mechanical 

restriction of the seed coat and increasing the seed germination rate of pears.  
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5. Conclusion 

The seeds of early-maturing pear cultivars present a strong dormancy with very low 

germination rates. The factors that affecting the seed germination of early-maturing pear seeds has 

been estimated under culture conditions, and a highly efficient protocol for the germination of early-

maturing pear seeds has been established. The results demonstrate that certain treatments, such as 

long enough cold stratification, suitable culture medium,seed coat removal, have highly positive 

effects in stimulating germination. We determined that a 100-days period of cold stratification and 

White medium cultivation, is optimal for germination and growth of early maturing pear seeds. In 

addition, increasing the middle cutting treatment can greatly improve the germination rate of 

seeds.These findings are of importance for the increased utilization of very early-maturing pear 

cultivars as parental materials for crossing and for early-maturing variety breeding programmes.  
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