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PECULIARITIES OF BIOLOGY OF FLOWERING OF
PROTANDROUS AND PROTOGENIC JUGLANSREGIA L.
INDIVIDUALS IN CONNECTION WITH DICHOGAMY

Results of research of biology of flowering dfiglans regia L.of protandrous and protogenic
individuals in connection with dichogamy are given the article. Peculiarities of individuals
flowering, depending on climatic factors (temperatiand humidity of the air, precipitation,
illumination) were analysed in conditions of Westé&odillya (Ternopil region). It was established
that dichogamy in the kind afuglans L.appeared during evolution of the vegetable kingdtsn

adaptation to the cross-pollination.
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Dichogamy (from GreeHlicha— into two parts, separately agdmos- marriage) — non-simultaneous
after ripening of anthers and stigmas in flowerehbgamy as adaptation to the cross-pollination was
described by A. T. Bolotov for the first time [2]he term dichogamy was suggested by Sprengel in
1973 year. Antherproterandriyaripen at first in one kind of flowers, but stigm@sotogyny) ripen

in the other flowers. Dichogamy is observed nofyanimonoecious, but also in unisexual flowers of
monoecious and dioecian plants [3]. There are fyed of dichogamy: accomplished, when stigmas
ripen after parching of stamens (or vice-versa) moidaccomplished, which appears because of not
lost function of organs of opposite sex. Protandrobserved almost in all plants 8kteraceae
Dumort., Fabaceaelindl., Ranunculacead.. family and others. Protogyny is observed manely,

for example, in plants derberidacead.., Brassicacea®urnett.,Rosaceaduss. family and others.

For the first time phenomenon of dichogamy in tied& of Junglas L.genus was described by F.
Delpino [17] on the example df regia.

Material and research methods

Individuals of Circassian walnut, that grow on ttegritory of fruit garden of agrobiological
laboratory of Ternopil national teachers' trainurgversity named after Volodymyr G. were taken as
object of research. 9 trees (4 — protandrous, fbtegenic) were chosen to carry out observations of
flowering character (beginning of flowering, maslewering, end of flowering, duration of
flowering). Researches of biology of flowering wecarried out during two years on the same
individuals, which were marked with proper labeéddrehand. Observations of flowering of certain
flowers and inflorescences were carried out on éivesen with that purpose generative cuts of each
individual.

Phases of flowering (beginning of flowering, maksvering, duration and end of flowering)
were studied by the methods of A. N. Ponomareaf& M. M. Barni [2]. Besides that sequence of
flowers opening and quantity of open flowers witimflorescence, duration of flowering of certain
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flowers, inflorescences, individuals were estaldishData, taken fronmttp://rp5.ua/archivephp.
about temperature of air, its relative humidity gmdcipitation, was used to determine dependence of
these processes from meteorological factors.

Beginning of flowering of male individuals was caleyed such a state of male aments when
first anthers appear in blossom cluster. When timgctnem pollen was left on the fingers. Beginning
of flowering of female individuals was consideractls a state of pistils when stigmas with formed
lobes were noticed under the blanket of bractsioBeof mass flowering of male flowers was
considered such a state when all male flowers ianasnproduced pollen. End of flowering of male
flowers was characterized by blossom fall of médevérs and aments. End of flowering of female
flowers was characterized by presence of dry stigwigich can’t make conditions for germination of
pollen.

Results of research and their review

Starting research of biology of flowering of geriera organs, we came from the fact tBaglans
regia according to data [7] is concerned to phenograipe the period of flowering of polycarpic
tree plants — average blossoming (21.04-23.05@ampthenogroup as per duration of flowering to the
period of blossoming — short (8-14 days). Havinglgsed data of research of terms of efflorescence
of Juglans regiandividuals and duration of flowering (period dbdering) taking into consideration
meteorological conditions of Western Podillya (Tapih region) and coming from proposed
classification of phenogroups of polycarpic treanp$ [7], we established thauglans regiabelongs

to average blossoming kinds which blossoms initise decade of May and continues to bloom to the
middle of the third decade of May with short peraddlowering.

Throughout two years of research according to tisdodpy of Juglans regiaflowering in
conditions of Ternopil region certain appropriatneconcerning blossoming of individuals of
examined kind, was establishehliglans regiais is characterized by morphological peculiaritiés
stamen and utricle flowers that considerably inflees process of flowering. Stamen and utricle
flowers blossom non-simultaneously on one and tames individual. Cases of simultaneous
blossoming of male and female flowers on one ardsttme tree were observed very seldom. At first,
male flowers blossom on one and the same individiten in the end of their flowering, female start
to bloom. On others - vice-versa at first femammérs blossom, then male flowers start blooming.
Such appropriateness of blossoming of male and léefitawvers rules out their self-pollination and
provides cross-pollination. Blossoming of male feo happens more intensively than female, and
ends in short term. During cross-pollination malengrative sphere of most polycarpic plants
produces more pollen than stigma of utricles tleatdle generative sphere produces to its taking. It
provides more probability of hitting of pollen tdet stigmas of utricle during anemophilous
pollination. Interval between blossoming of malel &male flowers is 6-10 days. Such peculiarity of
flowering is typical for dichogamous plants, whibject of our researcluglans regigbelongs to.

Question concerning constancy of type of flowerofgJuglans regiastill stays disputable.
Some scientists consider that type of floweringoné individual persists permanently, others think
that type of dichogamy can change because of atrnanditions.

According to data of N. A. Orlova [8] it is veryfficult to make out forms of Circassian walnut
by morphological characteristics to their floweriiguring the first year of blossoming only female
flowers and sometimes stamen appear in most ingiséd During the second year number of stamen
flowers increase, but female dominate. And onlyirduthe third year proper form of flowering of this
or that individual is settled. Protandrous and @genic individuals are spread in plantations
approximately evenly. Results, carried out by abmmationed author of research, also showed that
protandrous individuals a little bit predominateepwprotogenic one in grown-up individuals of
Circassian walnut. As far as young individuals emecerned, which have recently entered into the
period of fructification, considerable predominanoé number of protogenic individuals to
protandrous is observed.

According to P. L. Dorofeev’s observations [5], aegiely growing protogenic individuals of
Circassian walnut give more often crops than seplgrgrowing protandrous individuals. This fact is
explained by self-pollination of protogenic indivials, because their female flowers keep life agtivi
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till ripening of pollen of their aments. So vicipibf other Circassian walnut trees is necessary for
protandrous individuals more than for protogenie.on

Heredity of this or that type of dichogamy is nea&amined much. Studying genetics of this
phenomenon, O. D. Mayatska ascertained that ealitidnal of Circassian walnut can make group
of descendants that are distinguished by the typeichogamy to protandrous and protogenic
individuals [11].Walnut garden from seeds takenmfr@0 trees was created in 1951 year on
Volodymyrivska agro forest land improvement reskatation (Mykolaiv region) by methods of F. L.
Schepotiev to study this question. Area of the gandas 5 ha. Seeds from each tree were separately
sowed. That gave opportunity to grow descendami® fnut trees with certain type of dichogamy.
Descendants of maternal trees began to fructifuleely from 10 years age. Such method of
formation of Circassian walnut population alloweddistinduish young trees according to the types
of dichogamy. Record of protogenic and protandnmuuistrees in the garden was carried out in 1965
year in the period of blossoming. Descendants ofaSsian walnut are 1024 young trees, where 537
(52%) of individuals are protogenic and 487 (48%@ protandrous. Researches which were carried
out, indicate that Circassian walnut gives descetsdahat are divided according to the types of
dichogamy into protandrous and protogenic indivisu@heir number can be approximately the same
or with little deviation.

So, it can be inferred from literary data, thattanury and protogyny are inherently fixed
characteristics that are passed by certain hergdiggtors in chromosomes of Circassian walnut.
Quantitative reveals of dichogamy in monoeciou&isian walnut are similar to the character of
descendants’ differentiation by the signs of seathrer monoecious tree breeds.

Our two years researches of this question are eoedl with literary data, because we observed
constancy of dichogamy type in one and the sdogans regiaindividuals. Despite changes of
climatic conditions during the period of researchlengenerative sphere of protandrous individuals
and female of protogenic one always came first ipttase of flowering (picture 1). Such
appropriateness is also observed in the procediowéring. Data that we receive is confirmed by
literary data about the fact that dichogamy is t#aey sign, peculiar to monoecious Circassian
walnut. Change of climatic conditions influencedyothange of terms of beginning and duration of
flowering of Juglans regiandividuals.

Picture 1. Protogenic (on the left) and protandi@msthe right)Juglans regia
individuals in the period of flowering in the gardef agro biological laboratory of
Ternopil teachers' training university named aftelodymyr Gnatuk (11. 05. 2011 year)

During three years of researches appropriatenebfoséoming beginning of protandrous and
protogenicl. regiaindividuals was established [9, 10]. This appraggmess consists of the following.
Each year male generative sphere of protandrousidiocls came into phase of flowering averagely
8-10 days faster than male generative sphere dbgeaic individuals (picture 2). Moreover this
appropriateness was observed even because ofediffelimatic factors (temperature, humidity of the
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air and precipitation). So, in 2010 year male gatne organs came into phase of flowering on the
3 of May, and protogenic one on the™df May. In 2011 male flowers of protandrous indivals
starts blossoming on thé'®f May, and protogenic one on the™d May, in 2012 properly — the'®
and the 8 of May. Analysis of climatic factors for the pedi®of flowering of protandrous individuals
showed that average daily temperature and humiditghe air during these periods were the
following: in 2010 year — + 15,41 °C and 59,25%2011 year - + 11 °C, 62%; in 2012 year - +17,2
°C, 52,6%. It can be inferred from the given d&iat during the years of research male generative
sphere of protandrous individuals came into thesplad flowering the most quickly in 2012 year (the
2" of May), and the latest — in 2011 year (th& d1 May). Accordingly analysis of climatic factors
during the period of flowering of protogenic indivials showed that temperature and humidity of the
air during these periods were the following: in @@kar +14,41 °C and 66,1%; in 2011 year + 15,1
°C and 66,3%; in 2012 +15,2 °C, 87%. So, it camfered from the given data that during the years
of researches male generative sphere of protandndissduals came into the phase of flowering the
most quickly in 2012 year (thé"®f May), and the latest — in 2011 year (th& a8May).

Picture 2: Male aments of protandrous (a) and gem@ (b)Juglans regiandividuals in
the period of coming into the phase of flowerirtge(iL1" of May 2011 year)

Aments, that were placed below on the cut, blossomé the first, afterwards those which
were placed closer to the top of the cut. Accordmghe literary data one ament blossoms for 1,5-2
days, and because of sunny warm weather all p&itbem the ament spills out during one day [13, 14].
According to our observations male aments blossofoed2-4 days, because in the period of
flowering there was cold rainy weather. Mass flawgrof the examined kind starts on the Aeiy
from the beginning of the blossoming. Number ofwidos that opened sharply decreases in rainy
weather, but this process does not stop complédaiure 2). In these conditions anthers first aakn
on the sunny side of the ament and then on theystiael Period between blossoming of male and
female flowers is 5-8 days.

As far as question of blossoming of male generasipkere of protandrous and protogenic
Juglans regiandividuals is concerned, we received the follogvitata. In contrast to coming into the
phase of flowering of male generative sphere oftgmrous and protogenic individuals, where
protandrous individuals came first into the phasBoovering, in the process of blossoming of female
generative sphere we ascertained reverse appmpeizd. It means that protogenic individuals come
first into the phase of flowering, and then protang one. By the way mentioned appropriateness
was observed even during different climatic factesnperature, humidity of the air, precipitation).
So, in 2010 year female flowers of protogenic idlials came into the phase of blossoming on the
5" of May, and protandrous one on tHedd May; in 2011 year properly — the™6f May and 18 of
May:; in 2012 year — the"and 7' of May (picture 3).
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Analysis of climatic factors during the period ¢dvirering of protogenic individuals showed
that temperature and humidity of the air in theetiofi these periods were the following: in 2010 year
+17 °C and 53%; in 2011 year - +14,7 °C and 62%0it? year - +21,5 °C and 47,8%.

As far a process of flowering of protandrous induals is concerned, in appropriate period
temperature and humidity of the air were the follayv in 2010 year +14,1 °C and 79.7%; in 2011
year + 11,5 °C and 85%; in 2012 year +17 °C and.&9pit follows from the given data that during
the years of researches the quickest female géresgthere of protogenic individuals came into the
phase of flowering in 2012 year (th& ®f May), and the latest in 2011 year (thé" 1 May), and
concerning protandrous individuals, the quickess wma2012 year (the™7of May), and the latest was
in 2011 year (the 16of May).

Period of blossoming of female flowers lasted fr@mto 8 days depending on weather
conditions. After blossom fall male aments dry mg &all, but pollinated female flowers continue to
function till the process of seeds and fetus foromatBeginning of mass flowering of male aments of
protogenicJuglans regiaindividuals happens after blossoming of femalevéics in 3-4 days. Mass
blossoming of female flowers of protandrous indiats happens in 4-5 days after blossoming of
male one and sometimes even later.
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Picture 3 Female flowers of protogenic (a) andamdtous (b)Y. regiaindividuals in the
period of coming into the phase of blossoming @A@f May 2012 year)

Conclusions

Dichogamy ofJuglans regias biologically stipulated natural process thapeleds on genetic factors
and is controlled by climatic conditions, decisiweeaning of which belongs to temperature and
humidity of the air. Flowering of protandrous antbtpgenic individuals of Circassian walnut in
conditions of Ternopil region happens in differéams, difference between these terms is 7-8 days
regardless of climatic factors and lasts averadely 16 days. Mass blossoming of examined
individuals is on the 7" day. Twenty-four hours rhythm of flowers bloomJfglans regids daily.

1. Barna M. M.Formation of flowers and biology of blossomingkaids of family Salix L./ M.M. Barna, M.
I. Adamiv.// Scientific bulletin of state univengitSeries of Biology. — 1998Ne 5. — P. 7-9. (in Ukrainian).

2. Big Soviet Encyclopaedia: in 30 volumes. Chief edifor M. Prokhorov. - [ edition]. M. “Soviet
Encyclopaedia”. 1972. — volume 8: Debtor — Eucalgpt— P. 1027. (in Russian).

3. Gerts N. V.Biology of flowering of kinds of family Acer L. irronditions of Western Podillya (Ternopil
region)/ N. V. Gerts // Collection of scientific v of Lugansk national agrarian university. Seioés
Biological science — 2008 N 83. — P. 17-25. (in Ukrainian).

4. Dorofeev P. L.Culture of caryocarpous in Moldova / P. L. Dorofee Kishinev city: state edition of
Moldova, 1950 — P. 116-121. (in Russian).

5. Zhigalova S. L.Dichogamy ofJuglans L.kind (Juglandaceae) / S. L. Zhigalova // Urgentbfgms of
botany and ecology: conference of young scienkistanists (Kiev city, #-10" September 2004 year):
materials of conference — Kaniv, 2004 —P. 47. (krdihian).

6. Ivchenko A. 1.Sequence and duration of flowering of tree plasitarboretum of botanic garden / A. 1.
Ivchenko, N. L. Blusuk, L. B. Kolyada // Scientifiulletin — 2006 year — issue 16.4 — P. 204-2112. (i
Ukrainian).

ISSN 2078-2357Hayk. 3am. Tepror. Hau. nie. yH-Ty. Cep. Bion., 2012 Ne3 (52) 9



BOTAHIKA

7. Ponomarev A. MStudy of flowering and plants pollination / A. Bonomarev // Field geobotany — M. —
L.: Publishing house AN USSSR, 1960 — volume 2. -9-R9. (in Russian).

8. Matsuk O. B.Peculiarities of biology of flowering of protandm® individuals Juglans regia L.in
conditions of Western Podillya (Ternopil region)O/ B. Matsuk // Collection of scientific works of
Lugansk national agrarian university. Series Bialagsciences — Lugansk: “Elton-2", 2011 Ne 28. —

P. 36. (in Ukrainian).

9. Matsuk O. B.Peculiarities of biology of flowering of protandm® individuals Juglans regia L.in
conditions of Western Podillya (Ternopil regionp/B. Matsuk // Scientific bulletin of Uzhgorod ratal
university. Series of Biology — Uzhgorod 2011 — fimh 30 — P. 25-27. (in Ukrainian).

10. Mayatskaya O. DForm variety of Circassian walnut and vegetatigproduction of best forms: author's
abstract discussion of thesis of academic cand&ddegree, agricultural sciences: / O. D. Mayatsakay
Kharkov. 1974 — 19 P.. (in Russian).

11. Orlova N. A.Bioecological peculiarities of plants of Uglans dim Chuiskaya valley: author's abstract
discussion of thesis of academic candidate’s degrgecultural sciences — Frunze, 1958 —P. 68. (in
Russian).

12. Komanich I. G.Distant hybridization of nut kindsJgglans L.)/ I. G. Komanich — Kishinev: Shtiintsa,
1989 — P. 153. (in Russian).

13. Polischuk L. K.Voloskyy nut in Ukraine / L. K. Polischuk — Kyiypublishing house of Kyiv university,
1959 — P. 228. (in Ukrainian).

14. Schepotiev F. L.About inheritance of dichogamy types of Circassiamlnut / F. L. Schepotiev,
0. D. Mayatskaya // *L scientific session of Donetsk scientific centerAd USSSR: theses of report —
Donetsk, 1966 — page 18-20. (in Russian).

15. Schepotiev F. INuts / F. L. Schepotiev, F. A. Pavlenko, O. A.Réc - [2° edition,

16. alteration and addendum] — Kyiv: Crop, 1978 — P4.1(# Ukrainian). (in Ukrainian).

17. Delpino F. 1874 Ulteriori osservazioni e considerazioni sulla djamia nel regno vegetale. Appendice.

Dimorfismo nel noceJuglans regiq e pleiontismo nelle piante. / F. Delpino — Atglid Societa Italiana
di Scienze Naturali e del Museo Civico di StorigiNale (Milan) 17: 402—407.(in English).

M. M Bapna, O. 5. Mayiox

TepHoninbCHKMIT HALlIOHANBHUI TleJaroriyHuil yHiBepeuret iM. Bonoaumupa ['HaTioka
OCOBJIMBOCTI BIOJIOT'I UBITIHHSA IPOTAHJIPUYHMX 1 ITIPOTOTTHIYHUX OCOBUH
JUGLANS REGIA.. ¥ 3B'3KY 3 TUXOI'AMIECTO

V crarTi HaBeleHI pe3yabTaTH TOCTimKeHHs Giosorii msiTiHag Juglans regial. mporanapuyHux i
NPOTOTIHIYHUX OCOOMH y 3B'I3KY 3 nuxoramiero. IIpoaHanizoBaHo OCOOMMBOCTI LBITIHHS OCOOWMH
3aJIEKHO Bif KIIIMaTHYHMX YMOB (TeMIepaTypd Ta BOJIOTOCTI ITOBITps, OmajiB, OCBITJIIEHOCTI) B
ymoBax 3axinHoro [Toximns (Teprominbebka 0611.). BeranoBieHo, mo nauxoramis B poai JuglansL.
BUHUKJIA TIPOTSTOM €BOJIIOLI{ POCIMHHOTO CBITY SIK IPUCTOCYBAHHS J0 MEPEXPECHOTO 3aNHIICHHS.

Knrouogi crosa : duxozamis, npomanopis, npomepocitis, 6ionoeia yeiminus, kiimamuuniymosu, Juglans regia

H. H. bapna, O. 5. Mayiox

TepHOMONBCKUIT HAITMOHANIBHBIHN Tearornueckuii yanusepcurer uM. Bnagumupa ['Hatioka
OCOBEIjIOCTl/I BUOJIOT'MN UBETEHU A HPOTAHI[PI/I‘{ECKI/IX N IMPTOI'MHNUYECKUX
OCOBEHN JUGLANS REGIA.. B CBs3U1 3 ITUXOI'AMUEUN

B crathe mpHBeOcHHBIC pe3yabTaThl HCCNEAOBaHMs Owojoruu IBeTeHus Juglans regia L.
MPOTAHAPUYCCKUX W TPOTOTHHHYECKMX 0co0eii B CBs3uM ¢ pguxoramueit. [IpoaHanm3mpoBaHbBI
0COOCHHOCTH IBETCHHs O0COOCH B 3aBHCUMOCTH OT KJIMMATHYCCKHX YCIOBEH (TeMriepaTypbl
BJII&)KHOCTH BO3/lyXa, OCAJKOB, OCBEIICHHOCTH) B ycioBusx 3amamnoro Ilomosnbsi(TepHomonbckas
06m1.). VYcraHoBiaeHo, uro jguxoramus B poze Juglans L. BosHWKIA B TEUCHHE 3BOJIOLUH
PaCTHTEIHHOTO MUPA KaK MPUCTIOCOOICHHS K IEPEKPECTHOMY OIBUICHHIO.

Knrouesvie cnosa ()LDCOZ(IMM}Z, npomaHdpuﬂ, npomepocurus, buonozus yeemeHus, KiumamudeckKkue yClo6usl,
Juglans regia

Pexomenaye no apyky Hamiiinuia 20.07.2012
H.M. Ipobuk
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