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Climate change as a fact of global warming requires the development of different perspectives on the planning
and implementation of sustainable forestry techniques. Increasing temperatures cause drought on a global basis.
In connection with, this using drought tolerant species in afforestation work is of great importance. In recent years
Crataegus L. species (hawthorn) are also involved in afforestation. One of these species, C. monogyna, is characterized
by drought tolerance. Furthermore, C. monogyna is the most important non-wood forest product species of Turkey.
Hawthorn is widely used in medicine (treatment of coronary heart diseases), and cosmetics industry, agriculture
and animal husbandry and human nutrition. On the other hand, it is used in erosion control, afforestation, industrial
energy resources and for landscaping. Economic and ecological contribution of hawthorn to the national economy
is quite high. Therefore, determination of suitable generative and vegetative reproduction techniques and vast
production of seedlings of hawthorn species are extremely important. The characteristics of generative and vegetative
propagation of Crataegus are discussed. For generative propagation of hawthorn species, the most effective and
suitable procedure is treatment of seeds in ash solution. For vegetative propagation in culture in vitro the growth
induced by BA (benzyladenine) and IBA (indole butyric acid) hormones increases the rate of callus formation and
rooting. The best grafting technique is that splicing.
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INTRODUCTION

Greenhouse gas emission, one of the ecological
problems that causes serious problems, is among
the factors that contributes to global warming and
climate change. The largest share in greenhouse gas
emission is mainly carbon dioxide — 82 % (Akin,
2006). Besides this, fossil fuel burning, deforesta-
tion, land-use changes, industrial processes and
atmospheric accumulation of greenhouse gases
released to the atmosphere have increased rapidly
since the onset of the industrial revolution. Increas-
ing temperatures cause drought on a global basis.
Hence, there is a pressing need of using drought tol-
erant species in afforestation work has been increas-

ing day by day. Crataegus L. species (hawthorn),
known for its drought tolerance, was also involved
in the afforestation work in recent years (Bayar,
Deligoz, 2016).

The genus Crataegus has 200 different species
in Northern hemisphere and 17 of these species
grow in Turkey (Donmez, 2004, 2007). For exam-
ple, C. monogyna Jacq. is quite common in Turkey.
Hawthorn is also known in different regions of Tur-
key under different names, such as «halucy, «wild
rose», «june», «nutsy, «alucus» or «sour medlar.
This deciduous species is a bush or a small tree that
can grow 5—6 metershigh. Fruits that remain on
the plant until mid-winter are an important source
of food for birds (Mamikoglu, 2007). In addi-
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tion, it is resistant to sea breezes and air pollution.
Fruits, flowers and leaves of hawthorn species are
significant constituents of herb medicine industry
(Merigli, 1989; Arslan et al., 2011). C. monogyna is
of special interest for medicine. The World Health
Organization (The world health report..., 2004)
reported that hawthorn flowers and leaves can en-
hance the myocardial function of the heart.

The hawthorns, which are of great importance
for human health are also suitable for creating liv-
ing fences especially in agricultural areas as they
are effective in protecting land sites (Kovar et al.,
1996; McAdam et al., 1996).

It is a good advantage for planting design that
they can easily adapt to urban climate and do not
endanger electric lines (Good, Steele, 1981). Haw-
thorn bushes or small tree forms are used to cre-
ate privacy in home gardens and town squares. The
hawthorn, also utilized as an ornamental plant, is
one of the popular species among humans in arid
and semi-arid cold regions due to its fruitfulness.
It is also used for animal nutrition in terms of wild-
life, as well as a source of income.

Besides, it is used for fencing and windbreaking
in the harsh climate conditions. Hawthorns are wind
resistant species with deep and pile root systems
and can be used as curtain system in forming wind
protection strips. In addition, although they spread
their leaves, they can also be used in noise scarifica-
tion facilities due to numerous branches. Among the
most durable species planted for green belts against
pollution, hawthorns can also be used in industrial
districts. Because of the strong root systems, haw-
thorns are also effective in erosion control play-
ing an important role in controlling surface flow in
rocky slopeareas.

Consequently, hawthorn species is a plant with
high ecological and economic rolewhich is used for
creating biological diversity, wildlife, human nu-
trition, industrial wood materials, potential energy
sources, pharmaceutical and cosmetic materials,
erosion control and urban afforestation, rural land-
scape, agriculture, animal husbandry and alternative
medicine fields. So, in the near future, the demand
for this species should further increase.

SPECIAL PART

In this study, a few research paperson vegetative
propagation of Hawthorn species have been analy-
zed (Bush et al., 1991; Kumar, Bist, 2002; Lapi-
chino, Airo, 2009; Hartmann et al., 2010; Bayar,
Deligoz, 2016; Kirillov,Trofimuk, 2016). Several
relevant articles, publications, theses and projects
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were used as research material in the study. The best
vegetative propagation techniques about Hawthorn
species were tested according to literature data. By
the way, it has been tried to create a working base
for future work.

The scientific work which has t been carried out
was not sufficient to overcome the problems in veg-
etative and generative propagation of hawthorn spe-
cies in the world and in Turkey. It is obvious that the
scientific studies on hawthorn were not performed
up to the level and the work was often conducted by
a limited number of methods. The propagation of
plants was generally made by generative and veg-
etative methods. However, generative propagation
of fruit trees is not usually performed except for
some special purposes. Generative propagation is
commonly used in breeding studies and for the pro-
duction of mother trees needed for obtaining grafts,
especiallyin some fruit trees.

There are several studies on generative propaga-
tion of hawthorn species (Morgenson, 2000; Bujar-
ska-Borkowska, 2002, 2006, 2007, 2008; Donmez,
2004, 2007 and others). In generative propagation
studies, the importance of seed collection time was
emphasized and investigated. Failures, such as self-
incompatibility, flushing of flowers and morpho-
logical infertility make foreign fertilization neces-
sary for many kinds of fruit. For this reason, plants
produced from seeds do not resemble each other
and show different characteristics. As is the case
in many sectors of the economy, the aim is to pro-
duce standard fruit for commercial purposes. The
indispensable condition of standard production is
to establish a garden with standard varieties with
superior features. It is necessary to use vegetative
production methods in order to be able to produce
standard fruit varieties, while preserving their fea-
tures. As is characteristic of a vegetative propaga-
tion method, in propagation with cutting a trunk,
root or leaf is cut from the mother tree and rooting
and shooting are provided under suitable environ-
mental conditions. Thus, a new individual plant re-
tains all the features of the mother tree.

Propagation with cutting is an important and
practical method of propagation of fruit trees and
shrub species, as well as evergreen, broad-leaved
and coniferous plant species (Hartmann et al.,
2010). Propagation with cutting is the cheapest and
most practical method for plants with clonal regen-
eration ability. In vegetative propagation with cut-
ting it is expected that cutting should form a new
root system. However, there should be already
buds on the cutting that will allow the formation of
shoots. It was noted that the factors such as the age
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of the mother plant, type and size of the cutting, the
presence or absence of vegetative bud or leaf on the
cutting, and the content of water and nutrients in
mother plant or in cutting affected the success of
rooting process.

Hartmann et al. (2010) reported that three con-
ditions are important to ensure adequate rooting
in cutting propagation: 1 — cutting source and its
adequate internal state, 2 — special treatment be-
tween cutting preparation and planting, 3 — proper
environmental conditions during the rooting period.
Some researchers have emphasized that the envi-
ronment into which the cutting is planted and ap-
propriate temperature and humidity content of the
environment are important for the rooting process.

It is especially true for propagation of semi-
hardwood or softwood cutting; some conditions,
such as water, temperature, light and rooting envi-
ronment, must be kept at an optimum level so that
the cutting could survive during rooting and gain
maximum renewal ability (especially for difficult-
to-root species and varieties). There are many
different types of rooting environment that have
important functions, such as keeping the cutting
steady during the rooting, providing the necessary
moisture for the cutting and allowing air to enter the
bottom of the cutting. These media are peat moss,
sand, vermiculite and perlite and their mixtures in
different proportions. Perlite is a good rooting en-
vironment and it should be used because it can be
supplied easily and cheaply.

Cutting date has important effect on rooting pro-
cess. Softwood cuttings should be made as early as
possible, although hardwood cuttings must be per-
formed simultaneously with the rest of the trees. In
softwood cuttings the leaves must grow up to their
full size. It has been determined that one month de-
lay in cutting date may cause reduction in hormones
effects (Dumanoglu et al., 1999). It was between
1925 and 1935 when the importance of hormones
in the rooting of the cuttingwas recognized. Nowa-
days, there are many synthetic substances that stim-
ulate rooting (Kirillov, Trofimuk, 2016). They can
be applied to cuttings in pure form or in the form of
ready-made preparations with added filler material.
Among these, synthetic oxidesIBA and NAA are
most often used. Dumanoglu et al. (1998) tested the
effects of IBA and Putrescine at the roots of the wild
pear and obtained the best results with 8000 ppm
IBA and 1500 ppm Putrescine application.

On the other hand, vegetative propagation with
cutting does not provide the desired effect for every
plant. Despite the use of different growth regula-
tors, the desired result cannot be achieved for many
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plants. Growth regulating substances are not effec-
tive enough to allow each plant to grow with a cut-
ting. These substances play an important role short-
ening the rooting period and increasing the rooting
rate of species able to grow with cutting. Despite
the application of growth regulators, some plants
did nottake root.

There is not much information in literature con-
cerned with the propagation of hawthorn especially
on rooting after cutting. In our literature review,
there is some evidence on this problemin the study
conducted by Hartmann et al. (2010). In this work,
the researchers noted that they achieved 35 % root-
ing success with the application of 8000 ppm IBA,
2000 ppm NAA on softwood hawthorn cuttings. In
this study wood cuttings made in 2009 and 2010
were planted in the rooting environment after being
treated with 6 different IBA doses (500, 1000, 2000,
4000, 6000, 8000 ppm), with the aim of determin-
ing the possibilities for the propagation of the haw-
thorn cuttings with little information about cutting
propagation. As a result of the test, roots were not
obtained in the cuttings subjected to both control
and IBA. It was concludedthat it is difficult to pro-
duce the hawthorn with cutting, and the application
of IBA for root formation is not sufficient (Ahmadlo
etal., 2016).

J. A. Payne and G. W. Krewer (1990) studied the
samples with cutting after treatment with a mixture
of indole butyric acid (IBA) and naphthalene acetic
acid (NAA), taking young and softwood shoots of
two cultivars with a resultant 35 % rooting. Hard-
wood cutting studies were also conducted, but af-
ter 12 weeks callus formation was observed and
10 % rootingwas obtained (Bush et al., 1991). The
softwood cuttings collected from the shoot tips of
C. monogyna plants naturally grown in Sicily, the
Mediterranean Sea, at 5 concentrations (0, 2.22,
4.44, 8.88 and 17.76 uM) and benzyladenine (BA)
at 2 concentrations 0 and 2.46 uM in indole-3-bu-
tyric acid 2 x 5 factorial experiment with all pos-
sible combinations of IBA,were performed.

Rooting and auxiliary bud propagation rate
were checked to determine the optimal combina-
tion of growth regulators for shoot propagation.
The highest auxiliary bud propagation rate was ob-
served for the Murashige and Skoog (MS) agar me-
dium in the presence of 4.44 uM BA and 2.46 uM
IBA. The highest rooting rate was determined
for MS agar medium containing 4.90 uM IBA
(Lapichino and Airo, 2009). Kumar and Bist (2002)
applied a tissue culture method by using the shoot
tips of Crataegus oxycantha. They used 2 mg/L BA
and 0.02 mg/L IBA in the MS nutrient medium for
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shoot formation and stated high success in rooting
rate after using 0.2 mg/L IBA and 0.2 mg/L NAA
in 1/2 MS medium. The embryo and bud explants
from C. pontica and C. meyeri were cultivated in
MS and LS nutrient media containing different
doses and combinations of BA (Benzyladenine
acid), kinetin, BA + IBA, BA + NAA and BA + ki-
netin. After invitro rooting experiments the best
rooting (48 %) was obtained for C. pontica and
52 % for C. meyeri in 1/4 MS environment which
include 1 mg/L of IAA (Dinger, 2010; Dinger et al.,
2016).

Grafting methods have also been utilized for
hawthorn species. Among grafting techniques, most
commonly used technique is bud grafting; root
grafting can also be used (Hartmann et al., 2010).
However, the last method is not practical enough.
E. W. Bush et al. (1991) reported that, the most com-
monly used grafting method is clef grafting which
should be used for obtaining hawthorn species.

CONCLUSION

The results obtained in the cited references
showed that hawthorn is of high ecological and
economic value proved difficult for vegetative and
generative propagation. For generative propagation
of the species, the most suitable procedure showing
the highest success rate is treatment of the seeds in
ash solution. As a result of the studies on propaga-
tion with tissue culture, it is clearly seen that in vitro
growth medium induced by BA and IBA hormones
increases the rate of callus formation and rooting
success. The best grafting technique is splice graft-
ing technique. There is an inadequate number of
studieson cutting propagation techniques. The high-
est rooting results were obtained for softwood cut-
tings treated with IBA and NAA hormones.

In order to fill in the gaps, various combinations
should be applied and the results should be checked
and recorded. Much more attention should be paid
to the issue in order to increase the quality and
quantity of seedling production in order to satisfy
the future requirements for plants of the hawthorn
specie, which are used as non-forest product and
are adaptable to harsh habitat conditions and cli-
mate change. Many hawthorn species propagate in
different regions of Turkey. Each hawthorn species
shows different requirements to habitat conditions.
Therefore, the studies should be conducted on the
habitat conditions of hawthorn species. In addition,
new methods and techniques should be developed
for both generative and vegetative production of
seedlings.
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W3menenne kiauMara, CBI3aHHOE ¢ TIOOATBHBIM MOTEIICHHEM, TpeOyeT pa3paOOTKH Pa3IHYHBIX MOAXOJ0B K ITIa-
HUPOBAHHIO U BHEJPCHUIO HOBBIX METOJIOB YCTOHYMBOTO BEICHUS JIECHOTO XO3SIMCTBA. YBEIMYCHHUE TEMIIEPATYPhI
MOJKET MPUBECTH K IMI00AIBbHOM 3acyxe. B cBs3M ¢ 3TUM 00JIbIIOE 3HAYCHUE UMEET UCTIONb30BaHUE 3aCyX0yCTONYH-
BBIX BUJIOB JJIsl MEPONIPUATHI IO JIeCOBOCCTAaHOBJIEHUIO. B mocnennue roael BUabl 6osipeiinuka Crataegus L. Taioke
BOBJICKAIOTCS B 3TU padOTHl. OIMH 13 BUIOB — OOSPHIIIHIK OfHOTIECTHUHEIH C. monogyna Jack. — XapakTepusyer-
Csl YCTOWYHMBOCTBIO K 3acyxe. Kpome Toro, OOSpBINIHUK OJHONIECTUYHBIN SBISIETCS HanOoJee BaXKHBIM M3 JIpeBeC-
HBIX BUJIOB TyplLuH, AAOMUX HEAPEBECHYIO MPOAYKIHIO Jieca. BOSpPBIITHUK HMEET MHOTOIIE/IEBOE MCIIOJIb30BaHHE
B MCIUIIMHCKOH (JICUCHHE MIIEMHYCCKOW OONE3HU cepana) U KOCMETHYCCKOH MHIYCTPHUH, B CEIILCKOM XO3SICTBE
1 XMBOTHOBOJICTBE, a TAKKE B KAUECTBE MPOAYKTOB MuTaHus. C Apyroil CTOPOHBI, OH HUCIIONB3YETCs Il OOPBOBI €
9po3HeH, B paboTax IO JIECOBOCCTAHOBJICHHIO U 03€JIEHCHHUIO, B KAUECTBE MIPOMBIIIUICHHBIX SHEpropecypcos. Briasg
OOSIPBIILIHUKA B 3KOHOMHKY M 9KOJOTHIO CTPAaHbI JOBOJIBHO BBICOK. TakuM 00Opa3oM, BBISBICHUE MOAXOIANIUX Me-
TOIOB TEHEPATUBHOTO M BETCTATHBHOTO Pa3MHOMKEHUS M MacCOBOTO BBIPAIIMBAHUS CESHIIEB Y BUAOB OOSPHIITHAKA
YpEe3BEYAHHO Ba)KHO C TOYKH 3PEHHS OOIIETO €ro pacrpoCTpaHCHUS B Mpeeiax paccMaTpUBaeMBIX paiioHOB. O0-
CYXJIAIOTCS OCOOCHHOCTH T'€HEPAaTUBHOTO M BEre€TaTUBHOTO pa3MHOKeHUsl BUA0B Crataegus. JIns TeHepaTUBHOTO
Pa3MHOXKEHUsI BUIOB OOSIPBIITHAKA HAanOOJIee MOIXOASANICH U YCICITHON METOIMKON SIBISIETCS 00paboTKa CEMSIH B
30JIFHOM pacTBope. [T BereTaTHBHOTO pa3MHOKEHHUS B KYJBTYPE i71 Vitro UCTIONB3YIOT Cpeay ¢ NOOAaBICHUEM TOp-
MoHOB OeH3wianennHa (bA) u nanonumMacsaoi kuciaotsl (MMK) 1u1st yBenmuveHus: CKopocT (POpMHUPOBAHUS KaJl-
Jyca ¥ MpoLEeCcCOB yKopeHeHus. Jlydinuii cnocod MpUBUBKU — YEPEHKOBAHKE B pacILel.

KaroueBble ciioBa: uzuenenue Kiumama, 3acyxda, He()peeecnaﬂ npodykuuﬂ Jeca, Memoobi PA3MHOIMCEHUA, ceHepa-
mueroe u eecemamueroe pasmHONCEeHUE.
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