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Abstract 
 Chinese chinquapin [Castanea henryi (Skan) Rehder & E.H. Wilson] is used as a food and timber crop 
in southern China. Most chinquapin cultivars are self-incompatible and bloom at different times; 
consequently, artificial pollination is used to ensure fruit set and nut yield. Effective pollen storage that 
enables producers and breeders to use stored pollen for cross-pollination at a later date is important. In this 
study, the cultivar Changmangzi was used to estimate the viability and pollen tube length of pollen stored at 
room temperature, and at 4, −20, and −80°C using in vitro germination tests. It was observed that pollen grain 
germination significantly decreased at all four storage temperatures. Pollen viability was 14.4% after only 24 
days of storage at room temperature. The germination rate was 13.3% after 90 days of storage at 4°C, and 
14.5% after 180 days at −20°C. The initial germination rate of pollen stored at −80°C was 56.3% at the 
beginning of the test and decreased to 15.4% after 240 days. Pollen-tube length decreased with increased 
storage duration; mean pollen-tube lengths ranged from 109.44 to 257.51 μm. Based on these results, it is 
suggested that a storage temperature of −80°C for Changmangzi pollen is good.  
 

Introduction 
 Chinese chinquapin (Castanea henryi) is grown in warm temperate subtropical areas of China. 
The tree grows in the Yangtze River Valley and southern regions, including Fujian, Zhejiang, 
Hunan, Sichuan, and Guizhou provinces (Xiang et al. 2016). The nuts of Chinese chinquapin are 
rich in nutrients, with a high starch content ranging from 47.58 to 56.94% (Zheng et al. 2003) and 
high mineral nutrition content. Nuts also contain 18 types of amino acids, eight of which have 
been reported to be good for health (Fan et al. 2015). The nuts are eaten as a traditional food in 
many areas of China, where they are consumed fresh, cooked, candied, and as a source of flour for 
pastries. The demand for the nuts is growing and the cultivation area of this species in China has 
reached 1,000,000 ha (Xiong et al. 2018). Chinquapin production is the main economic activity 
for many Chinese farmers in rural regions.   
 Chinquapin a monoecious species is mostly wind-pollinated, bearing both staminate (male) 
and pistillate (female) flowers on the same tree (Fan et al. 2017), and is self-incompatible; thus, a 
different cultivar is required for pollination (Zhang et al. 2016). However, most chinquapin 
cultivars do not flower at the same time, even if the flowering period is very long, and do not 
always overlap (Tang et al. 2013a). For this reason, artificial pollination is used to ensure adequate 
pollination in various compatible chinquapin cultivars and to improve yields (Zhang et al. 2016). 
In artificial pollination and breeding experiments, awareness of pollen-storage problems is critical 
(Bryhan and Serdar 2008). Thus, an understanding of the optimal pollen-storage and preservation 
conditions is important when using conserved pollen grain at the appropriate time for artificial 
pollination and hybridization (Youmbi et al. 2012). Pollen requires adequate storage conditions to 
avoid losing viability (Alburquerque et al. 2007). The present investigation was aimed to 
determine how long chinquapin pollen remains viable under various storage conditions.  
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 Recently, workers have demonstrated the importance of storage temperature in pollen grain 
preservation (Cruzatty et al. 2015). Zheng et al. (1997) reported that the maximum germinating 
percentage (22.4) of chinquapin cultivar Bailuzi pollen grains was achieved after storage for 5 
days at room temperature. Earlier Zheng et al. (2004) reported that a low temperature (8°C) for 15 
days was favorable for pollen storage. However, Tian et al. (2013) indicated that the germination 
rate was higher at −20 than at −70 or 0°C. After 30 days of storage at −20°C, chinquapin pollen 
germination rates remained over 69% (Tian et al. 2013). Optimal pollen storage conditions also 
vary among species or cultivars (Naik et al. 2013). Fernando et al. (2006) showed that storage of 
American chestnut (C. dentata) pollen at 4°C for 2 weeks significantly increased the percentage 
germination (48) compared to storage at −20 or −80°C. Lai et al. (2017) suggested that low 
temperatures of 4 - 7°C could prolong pollen viability in different chinquapin cultivars.  
  Although the pollen viability of Castanea species has been reported previously (Fernando et 
al. 2006, Beyhan and Serdar 2008, 2009, Liu et al. 2013, Zou 2016), there have been only a few 
studies on pollen storage in chinquapin cultivars for short or long periods at different temperatures 
(Zheng et al. 1997, 2004, Tian et al. 2013a, Lai et al. 2017). Pollen viability and longevity have 
been found to differ among genotypes (Fernando et al. 2006, Bryhan and Serdar 2009, Lai et al. 
2017). Pollen viability and longevity has largely been recognized in pollination biology as a 
priority in understanding the reproductive performance of Castanea species and for successful 
implementation of breeding programs. However, conserving pollen viability depends on storage 
conditions. Conservation of germination capacity also depends on pollen tube length. There is 
little information available regarding pollen viability and longevity in the cultivar C. henryi 
Changmangzi. Thus, the main aim of this study was to determine the optimal storage temperature 
conditions for Chinese chinquapin pollen. 
 
Materials and Methods 
 Castanea henryi cv. Changmangzi was collected from a chestnut orchard at the Central South 
University of Forestry & Technology Center of Ruchen (southeast Hunan Province, China). 
Ruchen is located at 25°33′43′′ N latitude and 113°45′08′′ E longitude. The average annual 
temperature, rainfall, and sunshine hours are 18.2°C, 1547.1 mm, and 1713 hrs, respectively. The 
chinquapin cultivar Changmangzi originated in Fujian province and is a late-ripening local 
Chinese cultivar (Fan et al. 2015). Trees were grown in red soil under normal management 
practices for commercial fruit production. Mature catkins were randomly collected from seven-
year-old trees in full bloom on 10 May, 2015. Catkins were brought to the laboratory and laid on 
clean black paper sheets at room temperature until the anthers dehisced (Bryhan and Serdar 2009). 
Pollen grains were harvested in 1.5 ml clean microcentrifuge tubes and divided into several 
aliquots to reduce the stress related to thawing. To evaluate the ideal long-term storage 
temperature for the maintenance of long-term high pollen viability, four different storage 
temperatures (Room temperature, 4, −20, and −80°C) were tested. 
 Pollen samples were evaluated after 0, 3, 6, 9, 12, 15, 18, 21 and 24 days of storage at room 
temperature; 0, 5, 10, 15, 20, 30, 40, 60, and 90 days of storage at 4°C; 0, 10, 20, 30, 60, 90, 120, 
150, and 180 days of storage at −20°C; and after 0, 30, 60, 90, 120, 150, 180, 210, and 240 days of 
storage at −80°C. The frozen pollen grains were kept at room temperature for 10 min and were not 
rehydrated before shedding on the germination medium (Youmbi et al. 2012). After thawing, 
pollen was collected to determine the germination rate using the in vitro culture method 
(Alburquerque et al. 2007). Standard germination medium was supplemented with 10% sucrose, 
1% agarose, and 0.005% boric acid, and was used to evaluate pollen germination. Pollen was 
dusted onto a glass slide and the plates were covered and incubated at 30°C for 30 hrs in the dark 
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(Tang et al. 2013b). The germination capacity of stored pollen was counted until viability 
decreased to less than 15%. The experiment was set up using a completely randomized design. 
Three repetitions were performed for each treatment (storage temperature). 
 After the glass slide plates had been stored for 30 hrs in the dark, germinated pollen grains 
were counted using an optical microscope with 20× ocular magnification. Pollen grains were 
considered germinated when the length of the pollen tube exceeded the grain diameter 
(Alburquerque et al. 2007) (Fig. 1). Randomly selected at least three optical fields that contained 
approximately 100 pollen grains were selected for each count. The germination rate was calculated 
according to Xiong et al. (2016). For each treatment combination (temperature and storage time), 
the lengths of at least 30 germinated pollen tubes were measured using ImageJ software (National 
Institutes of Health, USA).  
 

 
 
Fig. 1. Castanea henryi Changmangzi pollen grains; germinated (G), showing the pollen tube, and 

not germinated (NG), without pollen tube. 
 

 One-way analysis of variance (ANOVA) was used to evaluate the effects of storage 
temperature on pollen grain germination ability and pollen-tube elongation. Analysis was 
performed using SPSS 19.0 statistical software (IBM, USA). Significant differences among means 
were assessed using Duncan’s multiple comparison at p ≤ 0.05. Regression analyses of pollen 
germination rate and storage days, and of pollen-tube length and storage days, were conducted 
using Microsoft Excel 2010 software (Youmbi et al. 2012). Figures were prepared using Origin 
Pro 8.5 software (Origin Laboratory, USA).  
 
Results and Discussion 
 The germination of pollen grains decreased significantly under the four storage conditions 
(Fig. 2A-D). A significant positive correlation was observed between pollen germination rate and 
storage time at room temperature (R2 = 0.9712, p < 0.01) (Fig. 3A), 4°C (R2 = 0.8791, p < 0.01) 
(Fig. 3B), −20°C (R2 = 0.9499, p < 0.01) (Fig. 3C), and −80°C (R2 = 0.9815, p < 0.01) (Fig. 3D). 
In this case, the average germination rate of fresh Changmangzi pollen grains was 56.3%. After 15 
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days at room temperature, the pollen germination rate was 25.6%; however, it decreased to 14.4% 
after 24 days. The results obtained in this study indicate that chinquapin cultivars have a short 
period of viability at room temperature. Similar results were also reported in different chinquapin 
cultivars by Zheng et al. (2004) and Lai et al. (2017). Zheng et al. (2004) reported that the 
germination rate of chinquapin cultivar Baniluzi was 1.5% after 4 days at room temperature. Lai    
et al. (2017) observed that the germination rate of chinquapin cultivar YLZ01 was 2.12% after 10 
days at room temperature. The reduction in germination capacity of pollen grains stored at room 
temperature may be due to the inactivation of essential germination enzymes and substrates 
(Youmbi et al. 2012). The enzymes will readily diffuse into the surrounding medium. Enzyme 
activity, which decreases respiratory substrates, causes pollen viability to decline during storage 
(Gandadikusumah et al. 2017).  
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Fig. 2. In vitro germination of pollen grains of Castanea henryi Changmangzi after storage at room 

temperature (A), 4oC (B), −20oC (C) or −80oC (D) for different periods. 
 

 Changmangzi pollen had greater longevity when stored at −80°C than under all other storage 
conditions. After 30 days of storage at 4°C, the germination rate was 31.3%, but this declined to 
13.3% after 90 days. After 180 days of storage at −20°C, the germination rate was 14.5%. 
However, after 240 days of storage at −80°C, Changmangzi pollen grains still germinated at a rate 
of 15.4%. These findings corroborate the results obtained by other researchers, who demonstrated 
that pollen viability was higher at lower temperatures (Fernando et al. 2006, Tian et al. 2013, 
Novara et al. 2017).  Fernando et al. (2006)  observed  a  germination  rate  of  19%  in American 
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Fig. 3. Linear regression between pollen germination percentage and storage days in Castanea henryi 

Changmangzi. A. Room temperature; B. 4oC; C. -20 oC; D. ‒80oC. 
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Fig. 4. In vitro germination of pollen-tube length of Castanea henryi Changmangzi after storage at room 

temperature (A), 4oC (B), −20oC (C) or −80oC (D) for different periods. 
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Fig. 5. Polynomial regression between pollen tube length and storage days in Castanea henryi Changmangzi. 

A. Room temperature; B. 4oC; C. ‒20oC; D. ‒80oC. 
 
chestnut pollen stored for 1 year at −80°C. However, Tian et al. (2013) reported that the 
germination rate of C. henryi pollen was only 0.9% after 360 days of storage at −70°C. In addition 
to inherent differences among species or varieties, pollen quality is also affected by storage 
temperature. It is suggested that the loss of pollen structural integrity may be one of the principal 
causes of the decrease in pollen viability at lower temperatures. Similar results were also reported 
by Youmbi et al. (2012) for the four Cola species. 
 Pollen-tube length decreased with storage duration at the various temperatures (Fig. 4A-D). 
The maximum pollen-tube length was observed at 0 days (before storage). After 15 days at room 
temperature, the pollen-tube length was 162.92 μm. However, pollen-tube length decreased to 
109.44 μm after 24 days. After 30 days of storage at 4°C, the pollen-tube length was 137.96 μm, 
which was not significantly different from measurements taken at 90 days (135.07 μm). At a 
storage temperature of −20°C, the pollen-tube length was 139.50 μm after 180 days. The pollen-
tube length reached 146.24 μm after 240 days of storage at −80°C. 
 Polynomial regression analyses indicated a high correlation between pollen-tube elongation 
and storage time at room temperature (R2 = 0.8947, p < 0.01)(Fig. 5A), 4°C (R2 = 0.8471, p < 0.01) 
(Fig. 5B), −20°C (R2 = 0.824, p < 0.01) (Fig. 5C) and −80°C (R2 = 0.9675, p < 0.01) (Fig. 5D). 
The regression equation of the pollen-tube length for Changmangzi pollen stored at room 
temperature had a very high amplitude (1.35), indicating a strong reduction in pollen-tube length 
with storage duration. However, the smallest amplitude (0.76) was observed for the regression 
equation of pollen-tube length for pollen stored at −80°C, indicating a minimal reduction in 
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pollen-tube length with storage time. These results imply that storage may reduce the quantity of 
nutritive compounds in pollen. Loguercio et al. (2002) reported that the variation in pollen-tube 
elongation may reflect a characteristic genotypic constitution of gametophytic populations. The 
results presented here imply that elongation is more dependent on the age of the pollen than on the 
pollen species. 
 
Acknowledgements 

This research was supported by the Natural Science Foundation of Hunan Province (Grant 
No. 2018JJ3870), the Key Research & Development Project of Hunan Province (Grant No. 
2018NK2043), and the Natural Science Foundation of China (grant nNo. 31500554). 

 
References 
Alburquerque N, Montiel F and Burgos L 2007. Influence of storage temperature on the viability of sweet 

cherry pollen. Spanish J. Agric. Research 5(1): 86-90. 
Bryhan N and Serdar U 2008. Assessment of pollen viability and germinability in some European chestnut 

genotypes (Castanea staiva L.). Hort. Sci. (Prague) 35(4): 171-178. 
Bryhan N and Serdar U 2009. In vitro pollen germination and tube growth of some European chestnut 

genotypes (Castanea sativa Mill.). Fruits 64(3): 157-165. 
Cruzatty L, Rivero M and Droppelmann F 2015. Effect of temperature and drying on the longevity of stored 

Nothofagus alpina pollen. New Zealand J. Botany 53(3): 155-164. 
Fan XM, Yuan DY, Tang J, Tian XM, Zhang L, Zou F and Tan XF 2015. Sporogenesis and gametogenesis in 

Chinese chinquapin (Castanea henryi (Skam) Rehder ＆ Wilson) and their systematic implications. 
Trees 29: 1713-1723. 

Fan XM, Yuan DY, Tian XM, Zhu ZJ, Liu ML and Cao HP 2017. Comprehensive transcriptome analysis of 
phytohormone biosynthesis and signaling genes in the flowers of Chinese Chinquapin (Castanea henryi). 
J. Agric. Food Chem. 65: 10332-10349. 

Fernando DD, Richards JL and Kikkert JR 2006. In vitro germination and transient GFP expression of 
American chestnut (Castanea dentata) pollen. Plant Cell Rep. 25: 450-456. 

Gandadikusumah V, Wawangningrum H and Rahayu Sri 2017. Pollen viability of Aeschyanathus tricolor 
Hook. J. Trop Life Science 7(1): 53-60. 

Lai JS, Gong BC, Jiang XB, Zhang JM, Hu QS, Wu CL and Wu Q 2017. Study on germination rate and 
viability of pollen for Castanea henryi. J. SW For. Univ. 37(1): 42-48 (in Chinese with English abstract). 

Liu ZP, Wang DY, Zheng RJ and Yu DM 2013. Primary studies on pollen viability of Castanea crenata. J. 
Liaoning Fore. Sci. & Techno. 2: 11-12 (in Chinese with English abstract). 

Loguercio L 2002. Pollen treatment in high osmotic potential: A simple tool for in vitro preservation and 
manipulation of viability in gametophytic populations. Braz J. Plant Physiol. 14(1): 65-70. 

Naik S, Poonam and Rana V 2013. Pollen storage and use for enhancing fruit production in kiwifruit 
(Actinidia deliciosa A. Chev.). J. Applied Horti. 15(2): 128-132. 

Novara C, Ascari L, Morgia V, Reale L, Genre A and Siniscalco C 2017. Viability and germinability in long 
term storage of Corylus avellana pollen. Scientia Horti. 214: 295-303. 

Tang J, Yuan DY, Fan XM, Yang FX, Gao W and Yang Y 2013a. Inflorescence traits and pollen germination 
characteristics of chinquapin. J. Fujian Agric. Fore. Univ. (Natural Science Edition) 42(5): 503-507 (in 
Chinese with English abstract).  

Tang J, Yuan DY, Fan XM, Yang FX and Chen WT 2013b. The influence of nutrient elements on pollen 
germination percentage of Castanea henryi. Acta Agric. Univ. Jiangxiensis 35(4): 782-785 (in Chinese 
with English abstract).  

Tian SL, Sun XL, Shen GN and Xu L 2013. Characteristics of Castanea pollen germination in China. 
Nonwood Forest Research 31(1): 75-80 (in Chinese with English abstract).  



304 XIONG et al. 

Xiang H, Yuan DY, Fan XM, Zhu ZJ and Jia BG 2016. The analysis of genetic diversity of Castanea henryi 
by using SRAP. J. Plant Gene Resources 17(6): 1072-1081 (in Chinese with English abstract).  

Xiong H, Zou F, Yuan DY, Zhang XH and Tan XF 2016. Orthogonal test design for optimizing the culture 
medium for in vitro pollen germination of feijoa (Acca sellowiana cv. Unique). New Zealand J. Crop 
Horti. Sci. 44(3): 192-202. 

Xiong H, Sun H, Zou F, Fan XM, Niu GH and Yuan DY 2018. Micropropagation of chinquapin (Castean 
henryi) using axillary shoots and cotyledonary nodes. HortSci. 53: 1482-1486. 

Youmbi E, Tonfack L, Mbogning J and Nkongmeneck B 2012. Effect of storage conditions on pollen grains 
viability and pollen tubes elongation of four Cola species (Malvaceae). RRBS 6(1): 35-40. 

Zhang XH, Yuan DY, Zou F, Fan XM, Tang J and Zhu ZJ 2016. A study on the Xenia effect in Castanea 
henryi. Horti. Plant J. 2(6): 301-308. 

Zheng CL, Jiang Y, Zhou YM and Chen LM 1997. Some characters of male inflorescences and pollen grains 
in main cultivars of chinquapin. J. Fujian Agri. Univ. 26(3): 287-290 (in Chinese with English abstract).   

Zheng CL, Wu S, Shen WQ, Wang XF, Yu XQ, Huang N and Jing Y 2003. Analyses of nutruent ingredients 
and quanlity evalution in nuts of chinquapin (Castanea henryi). J. Fujian College Forestry 23(4): 293-
296. 

Zheng CL, Yu XQ, Wang XF and She WQ 2004. A study on the viability of the pollen of Castanea henryi 
Rehd et Wils. Acta Agric. Univ. Jiangxiensis 26(2): 200-202 (in Chinese with English abstract). 

Zou R 2016. Viability of pollen for Castanea mollissima and its optimal temperature for storage. Protection 
Forest Sci. & Techno. 6: 39-40 (in Chinese with English abstract). 

 
 

(Manuscript received on 28 November, 2018; revised on 8 August, 2019) 


