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ABSTRACT

Chinese Chestnut (Castanea mollissima Blume.)visdely distributed nut tree and well known for ésological
and economic value. Seed yield, the main fact@rdening Chinese chestnut production, is highlyoassted with
flower development, especially with the numbeenfdle flowers. However, little effort has been deddo the role
of pistillate flower differentiation in this spesie We tried to examined the female flower morphioddg
characterization in chestnut cultivar ‘Yanshanzawfeby light and scanning electron microscopy. Tesults
showed that the time from the appearance of feindli@rescence axis primordial to the maturity oftdi needed
about two months in Qianxi county. Pistillate inflscences were difficult to recognize from latdratl primordia
during their early development. The inflorescenerganded rapidly and produced individual pistilldtewers in
early May. The process of pistillate differentiaticould be divided into seven stages, which inoludistillate
initial differentiation stage, pistillate primordin differentiation stage, alabastrum primordium eliéntiation stage,
stigma primordium differentiation stage, stigmargation stage, ovary formation stage and the blognstage.
Based our results, we may spraye the plant groetjulator in late April, which could be promoted mdemale
flowers differentiation in Chestnut (Castanea) imalt ‘Yanshanzaofeng'.
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INTRODUCTION

Chinese chestnuCastanea mollissim8lume.) has been cultivated for food three thodsgears ago [1]. Chinese
chestnut trees perform best in well-drained, lodmgandy loam soils. Chestnuts prefer soils thatsamewhat
acidic (pH 5.5~6.5). With both good clod hardinessd rather drought tolerant, Chinese chestnut nigela
distributed in Jilin, Hebei, Shandong, Sichuan, &lunhui, Jiangsu, Yunnan Provinces, Hainan ariddm Island
[2]. Chestnuts are low in fat compared with othatsnand are receiving attention from the healthdfowlustry.
Chinese chestnut production is particularly impatrsource of income in rural regions, especiallpanthern China

[3].

Chinese chestnuts are monoecious, bearing bothinstex{male) and pistillate (female) flowers on siagne tree [4].
The proportion of female to male flowers usuallgaie to 1:2000 to 1:3000, which has became a majustraining
factor for chestnut production [5]. Female reprdtgcsuccess was the key for fruit [6-7]. Thus,werstanding
of the female flower differentiation is of basicportance to achieve high quality and consistenid iproduction
in chestnut orchards. In recently years, there hbeen some reports on the characteristics of thevefl
differentiation [8-11] and male flower morpholog¥2f15] in Castanea However, there was little description on
pistillate morphological characterization of thislttvar ‘Yanshanzaofeng'. In this paper, we trieml grovide a
definitive record of the process of female flowdffedentiation in this cultivar, which may obtain laasis
information for appropriate management during fldng period and have the potential to improve ratdy
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EXPERIMENTAL SECTION

2.1 Sampling

Floral buds of the chestnut cultivar “Yanshanzagfen successive developmental stages were caldoben three
12-year-old trees in Qianxi county, Hebei Provin€aijna (40°257'N, 118°1217"E), at approximately 163 meters
above sea level. This site is located in the waemperate zone and semi-humid region, with a meauain
precipitation of 744.7mm and a mean annual tempezaif 10.9C [15]. The samples were collected about every
week from April 2012 to June 2013.

2.2 Fixation of samples
Collection materials were fixed for 24h in FAA (foalin: glacial acetic acid: 70% ethyl alcohol=1:18, v/v), then
transferred to 70% ethanol, and were stored@ipfior to sectioning [16].

2.3 Light Microscopy

Light Microscopy(LM). The materials were dehydratéa a graded ethanol series from water through
30-50-70-85-95-100% ethanol, embedded in paraffth moint 56~60C, and sectioned at a thickness of 10um by
Leica RM2265 (Germany). The sections were staingd ®afranin-O/Fast green or haematoxylin-eosin16h
Observation and photomicroscopy of sections wenéethout using a microscope (BX51, Olympus, Japan)

2.4 Scanning Electron Microscopy

Scanning Electron Microscopy (SEM). The materia¢gsemdehydrated through an ethyl-alcohol series §hd] then
by freeze-drying treatment (Hitachi ES-2030, Japdme materials were mounted on SEM stubs, coatéd w
gold-palladium (Hitachi E-1010, Japan), and exachiwéh a SEM (Hitachi S-3400N, Japan) [15].

RESULTS AND DISCUSSION

Flower buds were initiated during late summer avoslyrowth above the development. During the folfayspring,
new shoots emerged from these buds with catkineapm midway along the shoot. Initial development
inflorescences primordium was observed in mateo#iected in late April (Fig.1, A, B). The infloresnce dramatic
changes occurred during the last week of April Hedfirst week of May. The inflorescence elongatagidly, with
the apex appearing pointed. As the axis elongdteproduced a number of bracts in a spiral arrareggmit
produced one or two big bracts near the infloresedrase (Fig.1, C). The pistillate inflorescencesewidentifiable
in early May, which this time was called the femfiaver primordium differentiation phase (Fig.1,.Ddfter the
hemispherical base of female flower clusters prinon appeared, there were some small protrusiomsndrthe
base in the sepal primordial period. With the gloahd development of sepal primordial, which forgnpistillate
flowers. After the alabastrum primordium appearetha mid-May (Fig.1, E, F), it developed rapidiyere were
6~9 small protrusions differentiation by the toppdsdtil primordial (Fig.1, G), namely the stigmamordial period
(Fig.1, H). Subsequently, the stigma primordialdyr@ly developed elongation through cell divisioftsming style
and stigma. Stigma gradually elongated and deeghdobracts (Fig.2, A, C), this time was called gtgma
elongation stage (Fig.2, B), which lasted from Istay to early June. With the continuous growth lné stigma
(Fig.2, E), the ovary at the base also began teldpFig.2, D). When the female flower dehiscedtmmid-June
(Fig.2, G ), whereas the ovary was not mature Ardovvules were just beginning to develop (Fig.2, Hje three
female flowers at least were bisexual, but therfdats did not attain the length as they did inrttade flowers. The
young anthers were hidden within the perianth @&i§) and although pollen may be formed in theny tihie not
normally dehisce. Within 7 ~ 8 weeks after they avanitiated, pistillate flowers were structurallyatare and
stigmas were receptiveusually less than a week after beginning of anthesthe staminate flowers on the same
tree.

The combination of light microscopy and scanningcgbn microscopy has made in possible to gainiguen
perspective on the development of female flowemprdial in Chinese chestnut. This study of the ‘damzaofeng’
cultivar showed that the process of female flowiiekentiation was similar to that of other spec@d-agaceae
[18-19]. The extemal morphology of pistillate floreud could indirectly reflected the changes oéintl structure.
Thus, knowledge of the time of female flower diffetiation in chestnuiCastanea cultivar ‘Yanshanzaofeng’ may
prove useful for the implementation of strategigseal at manipulating nut production. However, tmecpss of
female flower differentiation was influenced by mpdactors such as environment, variety, tree agasity, growth
regulator, nutrition and so on [20]. We should eefgrmed to get more details in the critical stafiélower-bud
differentiation and control more female flower di#ntiation by the plant growth regulator in thedi
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Fig.1 The process of pistillate inflorescence diffentiation in Castanea mollissma ‘Yanshanzaofeng’ (A) The differentiated inflorescece
observed by the SEM. (B) Details of the initial diierentiation stage showing the growing point, thetsot apical meristem, the rachis and
bracts. (C) Details of the initial differentiation stage showing the two bracts by the SEM. (D) Detailof the female primordium
differentiation stage showing the pistil primordium and the bracts. (E) The alabstrum primordium differentiation stage by the SEM. (F)
Details of the alabstrum primordium differentiation stage showing the bracts, the petal primordium andhe alabstrum primordium. (G)
The stigma primordium differentiation stage by SEM. (H). Details of the stigma primordium differentiation stage showing the bracts, the
petal primordium and the stigma primordium
(APD= alabstrum primordium; BR=bract; GP=growing pd; PP= petal primordium; PIP= pistil primordiumRA= rachis; SAM= shoot apical
meristem; SPD= stigma primordium)
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Fig.2 The process of pistillate inflorescence diffentiation in Castanea mollissima ‘Yanshanzaofend(/A) The stigma elongation stage
showing the stigma and the bract by the SEM. (B) Dails of the stigma elongation stage showing theigima and the petal primordium.
(C) High magnification of A showing the stigma andhe bract. (D) Details of the ovary formation stageshowing the ovule primordium,
the pistil primordium, the stigma and locule. (E) The ovary formation stage showing the style and brady the SEM. (F) Details of the
blooming stage showing the ovule primordium, the yang anther, the style and locule. (G) The bloomingtage showing the style and the

bract by the SEM. (H). Details of the ovary showinghe ovule primordium, the ovary wall, the septumtrichome and locule
(AN=anther; BR=bract; L=locule; OW=ovary wall; OP=aule primordium; PP=petal primordium; SE=septum;=&famen primordium;
ST=stigma; SY=style; TR=trichome)
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CONCLUSION

This study provides basic information on the femfddever differentiation ofC. mollissima The time from the
appearance of female inflorescence axis primotdi#the maturity of pistil need about two monthgJianxi county.
It could be divided into seven stages, including thstillate initial differentiation stage, pistite primordium
differentiation stage, alabastrum primordium difetiation stage, stigma primordium differentiatistage, stigma
elongation stage, ovary formation stage and therbing stage. The results can be used as a refefenspraying
plant growth regulator on the late April, and ithcaromote more female flowers differentiation inestmut
(Castanecultivar “Yanshanzaofeng'.

Acknowledgments

The authors received assistance from many indiléddizring the course of the work and express ajpgien to all,
especially Peng Xie, Huan Xiong, Xiao-Na Zhang,Qia-Peng and Li-Yuan Wang. We wish to thank JunSta
for her advice on scanning electron microscopy oltagimns. The project was partly supported by traidwhal
Science and Technology Support (Grant No. 2013BARMO2), the Public Welfare Project of Forestry Isiiy
(Grant No. 201204401), and the Doctoral FoundatioMinistry Education (Grant No. 20120014110011).

REFERENCES

[1] Jerry A. Payne; Richard A. Jaynes; Stanley yKBconomic Botany1983 37(2): 187-200.

[2] Feng Zou; Su-Juan Guo; Peng Xie; Wen-Jun LvamiXiong; Guang-Hui LiTaiwan J. For. Scj 2013 28(4):
171-184.

[3] Qian Wang; Shu-Chai Su; Di Zhao; Yan-Ru Kblatural Resourcef012 (3): 66-70.

[4] Roberto Botta; Grazia Vergano; Giovanni Me; Rlog VallaniaHortScience1995 30(6): 1283-1286.

[5] Yong-Qing Feng; Yuan-Yue Shen; Ling Qin; QingaQCao; Zhen-Hai HanScientia Horticulture 2011,
(130):431-435.

[6] Herminia Garcia-Mozo; Pablo J. Hidalgo; Carn@&alan.Israel Journal of Plant Science2001, (49):41-47.

[7] Beverly D. Dow; Mary V. AshleyNew Forests1998 (15):161-180.

[8] Li Zhong-Tao; Lang Feng-Hu#cta Horticulturae Sinical964 3(1): 17-29. (in Chinese)

[9] Zhang Lin-Ping; Li Bao-Guo; Bai Zhi-Ying; Liu Mg-Dian; Qi Guo-HuiJournal of Fruit Sciencel999 16(4):
280-283.(in Chinese)

[10] Li Ying-Zhi; Xia Ren-Xue Fujian Fruits, 2008 (2): 4-8. (in Chinese)

[11] Ren Li-Zhong; Yang Qi-guang; Du Guo-huiournal of Anhui Agricultural Collegel981, 2: 41-50. (in
Chinese)

[12] Mckay, J.WAmer. Soc. Hort. Sci. Pradl939 (37): 509-510.

[13] Omura, M; T. AkihamaGamma Field Symp198Q (19): 77-89.

[14] Cevriye Mert; Arif SoyluJ. Amer. Soc. Hort. S¢R006 131(6):752-759.

[15] Feng Zou; Su-Juan Guo; Huan Xiong; Peng XienWun Lv; Guang-Hui LiAdvance Journal of Food Science
and Technology?013 5(9): 1192-1197.

[16] Feng Zou; De-Yi Yuan; Xiao-Feng Tan; Peng Xléng Liao; Xiao-Ming Fan; Lin Zhangl. Chem. Pharm.
Res, 2013 5(11): 484-488.

[17] Zhuo-Gong Shi; Li XiaHortScience201Q 45(6): 981-983.

[18] D.W. Brett.New Phytologist1964 63(1): 96-118.

[19] S.A. Merkle; P.P. Feret; J.G. Croxdale; T.ba8k. Forest Sci, 198Q 26(2): 238-250.

[20] Lu Ming-Liang; Dong Jian-Min; Chen Shun-Welour. of Zhengjiang For. Sci& Tech, 2007, 27(2):
77-80.(in Chinese)

690



