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Methodology of Hybridization in Citrus Breeding

Nino Kipiani
Doctor of Agricultural Sciences, Associate Professor, Akaki Tsereteli State University, Kutaisi,
Georgia

For the successful implementation of breeding work aimed at obtaining various forms, new and promising starting
materials are widely used in plant hybridization. To carry out the hybridization method within the process of
distant hybridization, the following were used as research objects: mandarin selection forms derived from Kova -
no-Vase plants and the varieties Fortune Washington Navel, Early Maturing Trifoliata, and Citrus Ichangensis.
As is known, mandarins are characterized by variability of the fruit, which results in the formation of forms with
features different from those of the parent plant. These acquired traits are hereditary, as they are passed down
from generation to generation. Among the mandarin varieties obtained as a result of such variability, the Vase
species are of interest—they differ from ordinary Unshiu by having a smaller growth habit.

As for Fortune Washington Navel, it is characterized by high-quality fruit, but its commercial spread is limited
due to its low frost resistance. Therefore, one of the main problems in breeding this variety is to increase its frost
resistance and develop early-maturing forms. One month after pollination, we conducted the first examination to
check for fruit set and removed the isolators. Another inspection and record were made one month after the first.
Thus, the hybridization methodology in citrus breeding includes the following stages: Preparation of initial female
parent components for crossing; Preparation of male pollen donors; Determination of pollen viability, Norma-
lization and castration of flowers, isolation, pollination, and examination of fruit set.

Keywords: pollen grains, castration, isolation, pollination, citrus breeding

To accelerate the pace of citrus development in Georgia, it is essential to improve existing varieties and
replace them with those possessing more valuable traits. For this purpose, intensive use of breeding
methods and scientific evaluation of the obtained results are necessary.

For successful breeding work aimed at developing different forms, new promising initial materials are
widely used in plant hybridization. In order to implement the hybridization method in the process of
distant hybridization, the following were used as research objects: mandarin selection forms derived
from Kovano-Vase plants and the varieties Fortune Washington Navel, Early Maturing Trifoliata, and
Citrus Ichangensis. The experimental plants were located on the collection plots of the Agricultural
Research Center of Akaki Tsereteli State University.

As is known, mandarins are characterized by variability of the fruit, which results in the formation of
forms with features different from those of the parent plant. These acquired traits are hereditary, as they
are passed down from generation to generation. Among the mandarin varieties obtained as a result of
such variability, the Vase species are of interest—they differ from ordinary Unshiu by having a smaller
growth habit.

As for Fortune Washington Navel, it is characterized by high-quality fruit, but its commercial spread is
limited due to its low frost resistance. Therefore, one of the main problems in breeding this variety is to
increase its frost resistance and develop early-maturing forms.

In the hybridization combinations, the male parent plants used as frost-resistant components were Early
Maturing Trifoliata and Citrus Ichangensis.

To carry out the experiment, we performed hybridization among the above-mentioned components. In
the combinations involving the male and female parent plants (Early Maturing Trifoliata and Citrus
Ichangensis), buds were collected 2 days before blooming during sunny and warm weather. Bud co-
llection began 12 hours before flowering and was carried out in a bright room under 20-22°C tempera-
ture conditions.

After the flowers opened, the anthers were removed from the stamens with tweezers and placed on mic-
roscope slides or parchment paper. The anthers were dried in diffused sunlight. Once dry, the anthers



released numerous yellow pollen grains. The pollen was transferred from the slides to clean parchment
paper, labeled with the name of the pollen donor plant and the date of pollen preparation.

The pollen prepared in this way was ready for use, but since citrus pollen donors flower earlier than the
female parent plants (in our case, mandarin forms and Washington Navel orange), the pollen was stored
in a desiccator, where it was protected from moisture. Under these conditions, the pollen retained its
viability and fertilizing capacity for a sufficiently long time.

Before performing artificial pollination, the viability of pollen grains from the male parent plants was
determined. Pollen viability was studied according to the Trankovsky method (Pausheva, 1980). During
hybridization, determining the viability of pollen grains of the research objects is of great importance
for preliminary assessment of their quality.

To determine the percentage of pollen germination from the male parent plants, mature pollen grains
were germinated in an artificial nutrient medium (10%, 20%, and 30% sucrose solution + 0.5% agar) for
6, 12, and 24-hour exposures. The results of the study are presented in Table 1.

Table #1. Viability of pollen grains of Early Maturing Trifoliata and Citrus Ichangensis on sucrose nutrient

medium.
Table 2.
Exposition
6 hrs 12 hrs 24 hrs
Concentration Concentration Concentration
Forms
30 30
10% | 20% | 30% | 10% | 20% 10% | 20%
% %
Pollen germination | Pollen germination | Pollen germination
(%) (%) (%)
Early Maturing 12| 1,8] 34| 122 37,7] 185 61 | 157] 02
Trifoliata
Citrus Ichangensis 2,1 2,4 4.4 22,1 | 47,8 234 8,2 20,7 1,2

shows that for both Early Maturing Trifoliata and Citrus ichangensis, the most favorable and
optimal variant for pollen germination was found to be a 20% sucrose solution with a 12-hour
exposure. Under these conditions, Citrus ichangensis pollen grains demonstrated a higher ger-
mination ability of 47.8%, compared to the relatively lower 37.7% observed in Early Maturing
Trifoliata.

In our opinion, the higher viability of Citrus ichangensis pollen grains compared to Early Ma-
turing Trifoliata is likely due to its specific biological characteristics. This conclusion is suppo-



rted by the data in the same table, which clearly show that for almost all exposure times at dif-
ferent sucrose concentrations, the viability of Early Maturing Trifoliata pollen grains was
comparatively lower than that of Citrus ichangensis. Therefore, the pollen of these forms, cha-
racterized by high germination viability, can be effectively used as male components in distant
hybridization.

Subsequently, we carried out artificial pollination. Specifically, we prepared the selected fe-
male plants for crossing. Preparation of the initial parent components began when most of the
flower buds on the plant had not yet opened but were ready to bloom. At this stage, we reduced
the number of flowers—this process is known as flower normalization—because it is known
that a plant forms more flowers than the number of fruits that will actually develop and mature.
In citrus, on average, only 10—12% of the total number of flowers remain on the plant and
produce fruit; the rest fall off.

Based on this principle, we removed a certain portion of the flowers from the female plants to
ensure better development of the remaining buds. First, all flowers that had already opened
were removed, as they might have been pollinated by undesirable or foreign pollen. Then, we
also removed underdeveloped buds, leaving only those expected to bloom in the next few days.
Ultimately, we left 3—5 normally developed flowers per plant.

To prevent pollination by unwanted pollen, the flowers were isolated using prepared paper
bags, or isolators. The flowers of the mandarin group (Vase varieties) and Washington Navel
orange are functionally sterile in terms of male organs, and therefore, during crossing, their ca-
stration (removal of stamens or anthers) was not required. Pollination was performed when the
stigma began secreting a white, sticky liquid, indicating readiness for fertilization. At this
stage, the pollen grains adhered easily to the stigma. Immediately before pollination, the iso-
lator was removed, and pollen was applied to the stigma using a small brush or a piece of rub-
ber fixed to a wooden stick. Afterward, the flowers were re-covered with the isolator and
labeled.

One month after pollination, we conducted the first examination to check for fruit set and re-
moved the isolators. Another inspection and record were made one month after the first.
Thus, the hybridization methodology in citrus breeding includes the following stages:

® Preparation of initial female parent components for crossing
® Preparation of male pollen donors
® Determination of pollen viability
® Normalization and castration of flowers, isolation, pollination, and examination of fruit set.
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Requirements !

Journal “agroNews” is an international (ISSN2346-8467) refereed, peer-reviewed periodical publication.
Outcomes of recent researches are published in the journal. Fields: Agriculture, Humanities, Economics, Che-
mistry, Technology, Engineering, Biology and Consumers Services. It is published once a year. Articles published
in the journal are internationally recognized. The journal aims at contributing the development of science and pro-
moting scientists of different fields by immediate publication of their researches and recent findings.

Articles will be submitted either in Georgian, Russian or in English (if desired, article can be published in
original language), summaries must be in two languages (Russian, English). Number of authors is limited to five.

Length and Substance:

- Number of pages ranges between 3 and 10. (A4 ; 1,0 -spacing, fields: up 3 cm, down _ 2,5 cm, left 2,5 cm,
right - 2 cm, paragraph 1 cm, without numbering pages) Please supply the files with figures, tables, sum-
mary, bibliography and the body of article in Word format.

- Georgian version — Sylfaen, 11 pt;

- English and Russian versions — Times New Roman, 11 pt;

- Title 14 pt;

- After one line — Author (s) full name (s) 12pt ;

- After one line - Degree and place of work 12 pt;

- After two lines - Annotation 10 pt; (Number of words limited to 500);

- After one line — Body of the article;

- After one line — Bibliography at the end of the article; (author (s) surname (s) with initials — title - “publis-
her”; city; year; number of pages);

- After one line — Abstract are required to be in English, 50 % of Georgian or Russian articles. (title of the
article 14 pt; Bold; author’s (s') name and surname 12 pt; Bold; academic degree, title, affiliation, city,
country 12 pt; font 11 pt;);

- Itis recommended that you use JPEG or MBP formats to insert tables, figures.

- For mathematical formulas use Equation;

- Author (s) is responsible for the quality of the article.

- One author can submit no more than 3articles;

- The article will be peer-reviewed and published by editorial board.

Articles must be submitted both as paper version (one copy) and e-form.

Authors pay for the publication. Value of per page is 7 Gel. One copy of journal is included in the price.
Money Transfer “Tibisi” (TBC) Kutaisi
GE63TB7524336080100002
For further information contact us: 4600, Kutaisi, Shervashidze 53. Akaki Tsereteli State Unversity. XIX . Faculty
of Agrarian Studies.
Chief editor: Lortqifanidze Roza
Tel.: 599 23 64 79; 577 28 28 54
Email: Roza.lortkipanidze@atsu.edu.ge;
Academic Secretary: Santeladze Natalia
Tel.: 574 84 82 82
E-mail: natalia.santeladze@ atsu.edu.ge
Attention !!!
E-version of paid check must be attached to the article:
Be6 cTpanwma: iaa.org.ge
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K BHMMaHMIO aBTOPOB.

Kypuan «ArpoNews» 3TO CepHHOE W3IATENBCTBO, KOTOPHIM craHmapTHBI HOMep (ISSN2346-8467)
peneH3upHoe M pedeprupHOE N3AATEIBCTBO. DTOT JKypHANI II€YaTacT Pe3yibTaThl MCCICIOBAaHWHU IO arpapHbBIM,
XMUMHYECKNM, HHXECHEPHBIM M TEXHOJIOTHYECKHM HAyYHBIM OTpPAaCisM. OJTOT JKypHal M3MaéTCsl OAMH pa3 B TOA.
CraTeu TpeACTaBICHHBIE B JKypHAJe NPEACTABISIIOT — TPYAbl MEXIyHapogHoro yposHS. Llenp xyphama —
CIOCOOCTBOBATh Pa3BUTHIO HAYKH, ONIEPATUBHOE M3/IATEIbCTBO JOCTH)KEHHH CIICIIHAINCTOB, a TaK )K€ MaTepualibl
U pe3ysbTarhl HccienoBaHuid. CTaTby NPUHMMAIOTCS HA TPY3WHCKOM, aHTJIMHCCKOM, PYCCKOM si3bIKax (10
YCMOTPEHHIO aBTOPA CTaThU IEYaTaloTCsl Ha OPUTHHAILHOM si3bIKe) KosinuecTBo aBTOPOB HE JOJKHO MPEBUILATH
ISITH YEJIOBEK.

Tpe6oBanus k 0popMJIeHHIO HAYYHBIX CTATel:

* OOBIOM CTaThH HE MOJDKHO OBITH MeHBIEe 3 cTpaHu U He Ooipmie 10 cTpanun (Ha Oymare A4 gopmara, rae ¢
uaTepBasioM 1,15 monme ¢ Bepxy 3cMm. cHM3Y 2,5 cM., cieBa 2,5¢M. cmpaBa 2cM. abzar 1 cm. 0e3 Hymepamun
CTPaHWHHII ¥ TIEPEHOCOB) C YYETOM UEpTEKEH, TaOINIL, pe3FOMe U JINTEPATYPBI.

*CraThs JOJKHA OBITH BHITTOJTHEHA TEKCTOBBIM pemakTopom Word.

* JI7st Tpy3WHCKOTO TEKCTa JI0JDKHO OBITH HUCTIONB30BaH mpudT - Sylfaen ,11pt.

* s aHrymiicckoro u pycckoro tekcra mpudr - Times New Roman ,11 pt.

* HasBaHue crathy, 14pt. Bold.

*C mpoIycKOM OJHOW CTPOKH — uMsl U pamuius aBTopa (aBTopos). Bold.

*C MpOIyCKOM OJHOW CTPOKH Hay4HbIE Ka4eCcTBa U MecTo paboThl 12pt.

*C mpoIyCKOM JBYX CTpOK — aHaTomus cTatbu 10pt ( He Oombine 500 meyaTHBIX 3HAKOB)

* CHIpoIyCKOM OHOHN CTPOKH-COJECP)KaHNE CTaThH.

*C IIPOIyCKOM OJHOW CTPOKH — CITMCOK HCIIOJIb30BAaHHOM JIUTEPaTypbl, (paMUINs aBTOPOB, Ha3BaHUSA TpyAa (

W3aTEIbCTBO, TOPO, TOJI, YHCIIO CTPAHUI], MILTIOCTPALINH).

*C mpomyckoM OgHOH cTpokH, Pesrome (Abstract) Ha aHTTIMHCKOM S3BIKE,YTO JOJDKHO COCTOBISITH ITOJIOBHUHY
CTaThH IPEACTABICHHON HA I'PY3HMHCKOM M PYCCKOM s3bIKax (HasBaHHe cTaThd 14 pt Bold; ums u dammmms
aBTopa(oB) 12 pt Bold; Hay4Has creneHb, 3BaHKe, MECTO PabOThI, TOpoJ, cTpaHa 12 pt, mpudt Tekcra 12 pt);

* s 9epTeKei U WIUTIOCTpalid B cTaThe JOJDKEeH ObTh ucnonb3oBad JPEG i BMP — dopmar.

*MatemaTnueckue (POpMyIIbl JOJDKHBI OBITH HCIIONIB30BaHbl Equation pegakropom.

* ABTOp OTBETCTBEHEH 3a COIEeP)KaHHEH KaueCTBO CTAThU.

*OMHUM aBTOPOM JIOJDKHO OBITh ITPECTABICHO HE OoJiee 3 CTaThu.

*CraThs U1 MyONHUKaUN TOJDKHA OBITH MpEeICTaBlicHa Ha Oymare (OIUH SK3eMIUIIP) U B JTFOOOM 3JIEKTPOHHOM

BHUJIE.

*BBIMyCK JKypHaJa OCYIIECTBISIETCS 32 CUET aBTOPOB.

* CTOMMOCTB 0THO¥ cTpaHuIbI — 7 Japu. B 3Ty cTOMMOCTH BXOAUT OAUH IK3EMILISAP KypPHAJIA.

JeHeskHbI MepeBo] ocyliecTBasIeTcs Yepe3 Kyraucckuil puinuan TBC danka.
GE63TB7524336080100002

JononuurensHO obpamaitech 10 aapecy :

4600,Kyrtancu, IllepBammmze 53

I'siaBHbIi pepakrop: Joprkunanuase Posa

Ten.:599 23 64 79;577 28 28 54

E-mail: Roza.lortkipanidze@atsu.edu.ge;

Yuensiii Cexkperaps: Canrenanse Haraaus
Ten:574 84 82 82

E-mail: natalia.santeladze@ atsu.edu.ge

Baumanwue: OnadyeHHas KBUTAHIMS OTIIPABIISIETCS BMECTE CO CTaThEN
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