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Abstract

Boxwood species are important because they are widely used as ornamental plants
and for various other purposes in Tiirkiye and worldwide. In this study, cuttings of 189
B. sempervirens genotypes and 17 B. balearica genotypes collected from natural boxwood
populations in Tiirkiye were propagated. This study aimed to examine the propagation
potential of two wild-collected boxwood species using semi-hardwood cuttings. Different
genotypes significantly influenced the success of cutting propagation and the rooting
characteristics of the cuttings. In 63% (119) of the B. sempervirens genotypes, the rooting
rate was 50% or higher, whereas in 35% (66) of the genotypes, cutting rooting was less
than 50%. No rooting was observed in four genotypes (2%). In B. balearica, 82% of the
genotypes (14) showed rooting in 50% or more of the cuttings, while 18% of the genotypes
(3) showed rooting in less than 50% of the cuttings. The root length, root width, root number,
shoot length, leaf number, callus induction rate, and rooting rate of B. sempervirens ranged
from 42.3-253.0 mm, 35.2-210.0 mm, 3.5-30.0, 15.0-70.0 mm, and 2.5-12.0 leaves,
respectively. The callus induction rate and rooting rate ranged from 1% to 83% and from 5%
to 99%, respectively. The corresponding values in B. balearica ranged from 39.0-116.9 mm,
33.8-136.0 mm, 3.8-21.3, 2.0-42.1 mm, 4.0-8.2 leaves, 2-45%, and 20-98%, respectively.
While the average rooting rate was 54.9% in B. sempervirens, it was 71.4% in B. balearica.
The root quality of rooted cuttings of both species was assessed on a scale of 1 to 5 points
and depended on their genotype; the average root quality was 4 points.
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Infroduction

Buxaceae is a small family of predominantly monoe-

Sar1 et al. (2023). B. sempervirens is naturally distri-
buted in the Black Sea Region (Artvin, Rize, Trabzon,

cious evergreen shrubs and small trees. The genus Buxus,
the largest genus of the family, comprises approximately
100 species distributed on all continents except Australia
and Antarctica (Gonzalez Gutiérrez 2014). B. sempervi-
rens is naturally distributed across much of Europe. Its na-
tural distribution also extends into North Africa (Morocco
and Algeria) and Western Asia (Georgia, Iran, Azerbaijan,
and southern Russia). B. balearica naturally occurs in the
region extending from the Canary Islands to the eastern
Mediterranean (Larson 1996, Decocq et al. 2004). It was
first identified and described from herbarium specimens
collected in the Balearic Islands and then in southern
Spain by French naturalist Jean-Baptiste Lamarck in 1785.
A single natural population was also reported from Sardi-
nia. Subsequent studies expanded its known distribution to
include Morocco, Algeria, and Tiirkiye (Tutin et al. 1968,
Sar1 et al. 2023).

The distribution areas of B. sempervirens and B. ba-
learica in Tirkiye were comprehensively reported by

Glimiighane, Giresun, Ordu, Samsun, Sinop, Kastamonu,
Zonguldak, Bartin, Karabiik, Diizce, and Bolu provinces),
the Marmara Region (Sakarya, Kocaeli, Istanbul, Bursa,
and Bilecik provinces), and the Mediterranean Region
(Kahramanmaras, Osmaniye, and Hatay provinces). In
contrast, B. balearica is naturally distributed in Adana,
Hatay, and Antalya provinces. Both species occur natural-
ly in Hatay Province, whereas only B. balearica occurs in
Adana and Antalya provinces.

Boxwoods have numerous horticultural, commercial,
and ecological uses; however, they are now primarily culti-
vated as ornamental plants. Historical records indicate that
boxwood was used as an ornamental hedge plant in Egyp-
tian gardens as early as 4000 BC (Larson 1999). Owing
to their dense evergreen foliage, tolerance to repeated pru-
ning, longevity, and diverse growth forms, boxwoods are
widely used in landscapes as specimen plants, mass plan-
tings, hedges, potted plants, topiary, and cut greenery (Lar-
son 1999, Batdorf 2004, Van Trier et al. 2005, Sar1 2025).
Boxwood is among the most economically important
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evergreen ornamental shrubs in the nursery industry. In
the United States, approximately 12.4 million finished
boxwood plants are sold annually, with an annual market
value of approximately USD 141 million (USDA-NASS
2020). Recent assessments identify boxwood as the lea-
ding evergreen ornamental shrub crop in the United States,
highlighting its continued economic importance to the nur-
sery and landscape industries despite the increasing threat
posed by boxwood blight (Hall et al. 2026).

B. sempervirens L., the most economically important
species of the genus, comprises approximately 400 na-
med cultivars (Niemiera 2018). Apart from its ornamental
qualities, boxwoods were also used to make musical ins-
truments, writing tablets, combs, carved ornaments, pain-
tings and sculptures. Its evergreen branches have also been
traditionally used in religious and ceremonial practices.
For these reasons, it has been cultivated for centuries both
within and outside its natural range. In addition, the high
density of its wood and ease of processing make it unique
(Larson 1996, Kohler 2007, Van Trier and Hermans 2007,
Topaloglu et al. 2022).

While Tiirkiye’s boxwood forests underwent extensi-
ve exploitation during the nineteenth century due to inten-
sive harvesting and export of boxwood timber (Mitchell et
al. 2018), the most severe recent decline has been caused
by the invasive box tree moth, Cydalima perspectalis Wal-
ker (Lepidoptera: Crambidae). Sari et al. (2022) found that
the boxwood moth severely damaged approximately 85%
of Tirkiye’s natural boxwood forests. In Tiirkiye, its pre-
sence was first detected in parks and gardens in Istanbul
in 2011, in Diizce and Artvin in 2015, and in Bartin in
2016 (Hizal et al. 2012, Oztiirk et al. 2016, Goktiirk 2017,
Kaygin and Tasdeler 2018, Yildiz et al. 2018). More re-
cently, Ak et al. (2021) detected Cydalima perspectalis in
the Mediterranean Region of Tiirkiye.

Considering the diversity of species associated with
boxwoods, serious ecological impacts may occur as a re-
sult of the destruction of natural boxwood stands due to
pests. For this reason, the extinction of boxwoods may in-
directly cause the disappearance of many associated orga-
nisms (Mitchell et al. 2018). In Tiirkiye, boxwood popula-
tions have declined dramatically, resulting in a substantial
reduction of natural boxwood forests. Therefore, semi-har-
dwood cuttings were collected from natural populations
across a wide range of distribution areas and propagated to
conserve valuable genetic resources.

Given the conditions in which boxwoods grow, it
is important to develop efficient propagation methods to
ensure their long-term conservation and continued distri-
bution. Commercial propagation of boxwood is primarily
achieved by stem cuttings; however, rooting is generally
slow and uneven, often requiring a prolonged rooting pe-
riod, with successful root formation occurring only after
approximately 116 days (Langé 2014, Vieira et al. 2018).
Previous studies have shown that rooting performan-
ce is influenced by several factors, including the type of
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cutting, nutrient status, and endogenous hormone content
(Kumari et al. 2016). Similarly, Adnan (2005) reported
that apical cuttings provide better propagation success in
Buxus species.

Boxwoods reproduce by seed in nature. It is known
that individuals produced by seed propagation are diffe-
rent from the mother plant. This difference is reflected in
phenotypic and genotypic characteristics. Therefore, it is
assumed that the propagation characteristics of this large
population by cuttings may also differ. However, informa-
tion on the rooting characteristics of large boxwood popu-
lations from different regions of Tiirkiye remains limited.

This study aimed to identify the rooting characteris-
tics of cuttings of two boxwood species, B. sempervirens
and B. balearica, naturally distributed in Tiirkiye and th-
reatened in their natural habitats. In this study, which was
carried out on boxwood genotypes, a single rooting hor-
mone was applied under identical conditions. As a result
of this study which covered healthy boxwood populations
from across Tiirkiye, the genotypes with the best rooting
characteristics (callus induction rate, rooting rate, root
length, root quality, shoot length and number of leaves)
of these two species were identified. The results showed
that boxwood genotypes exhibited very high and very low
rooting ability. These data can be used as a baseline for the
cultivation and selection of new boxwood varieties and for
the rapid rehabilitation of damaged boxwood forests.

Materials and methods

The research was carried out at the Black Sea Agricul-
tural Research Institute, Samsun, Tiirkiye.

Plant material

The study was conducted between 2019 and 2023
using naturally occurring populations of Buxus sempervi-
rens and Buxus balearica collected from the Black Sea,
Marmara, and Mediterranean regions of Tiirkiye. Naturally
growing populations of both species constituted the plant
material used in this study. The collection sites of the plant
materials are presented in Tables 1-3.

Methods

Semi-hardwood cuttings of B. sempervirens L. and
B. balearica Lam. were used for propagation. Propagation
material was taken from the plants in autumn and brought
to the institute rooting greenhouses for propagation. The
cutting materials were collected from the stock plants and
transported with a cooler to prevent moisture loss. When
preparing 10-cm-long cuttings, their basal ends were cut
just below the node. To investigate the reactions of cut-
tings to rooting, prepared cuttings were first treated with
fungicide (Captain 50 wp). Then, they were kept in a sin-
gle dose of 3500 ppm indole butyric acid (IBA) solution
for 5s (Langé 2014) and planted directly into a customi-
sed mixture of peat + perlite (3:1, v/v) on rooting tables
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Table 1. Boxwood locations in the Black Sea Region where cuttings were collected

Province District Village/location name Elevation (m) Coordinates
Artvin Center Hatila Valley National Park 550 41°11°20.43"N, 41°44’33.36"E
Rize Gamlihemsin Zilkale Meyadan village 1050 40°53'50.23"N, 40°56'33.04’E
Trabzon Macka Simsirlikdy 1000-1080 40°47'15.5"9N, 39°43'49.97"E
Arsin Calikyurt 1200 40°42'34.07"N, 39°49'31.71"E
Arakli Camliktepe 1100-1200 40°43'28.39"N, 40°00'56.06"E
Sirmene Yenikdy 620 40°46'33.37"N, 40°31°0.39’E
Hayrat Yenikdy 840 40°47°26.33"N, 40°22'35.56"E
Kopribasi Buytkdoganli 1074 40°43'33.92"N, 40°07°16.00"E
Giresun Dereli Kuzalan Nature Park 980-1000 40°37°47.64°N, 38°23'46.26"E
Dogankent Dereg6zu village 1230 40°45'25.76"N, 38°53'47.39"E
Ordu Kumru Kusnefek castle 730 40°51'44.84"N, 37°16°38.87"E
Sinop Duragan Glingodren 400 41°21°07.36"N, 34°59'31.97"E
Boyabiki 790 41°17’13.80"N, 35°13'52.81"E
Bolu Goynuk Hisarozi 900-1010 40°28'19.25"N, 30°47°04.20"E
Degirmendzu
Hacimahmut
Kastamonu Azdavay Azdavay-Pinarbasi road 5.km 1035 41°35'59.14"N, 33°13'55.34E

Table 2. Boxwood locations in the Marmara Region where cuttings were collected

Province District Village/location name Elevation (m) Coordinates
Bursa Mustafa Kemal Pasa  Civilicam village 1066 39°54°09.34"N, 28°42°59.53"E
Sakarya Tarakli Karagdl plateau, Kemaller, 1130 40°30'26.50"N, 30°34'14.37"E

icdedeler, Abdallar, Mahmudlar

Table 3. Boxwood locations in the Mediterranean Region where cuttings were collected

Province District Village/location name Elevation (m) Coordinates

Adana Feke Between Belenkdy and Suphandere (B. balearica) 900 37°52'32.65"N, 35°50°'48.50"E
Hatay Samandag Buyikoba village 725-1250 36°11'15.98"N, 35°55'565.18"E

Dértyol Kozludere location 930-1050 36°19'0.336"N, 36°55'2.3556"E

Merkez Habib-i Neccar Mountain (B. balearica) 180 36°12’34.00”N, 36°10°'58.14’E
Kahramanmaras  Andirin Mountainous area 1325 37°33'46.71"N, 36°22'56.83"E
Osmaniye Duzigi Duldil mountain location 1300-2100 37°21'24.08"N, 36°28'14.05"E
Antalya Kumluca  Musa mountain (Adrasan castle) (B. balearica) 600-800 36°19'02.61"N, 30°28'01.11"E

Figure 1. Transferring cuttings collected in the field to the
rooting medium

(Figure 1) with bottom heating and humidity control (un-
der fogging). The root zone temperature of the rooting
table was kept at 24°C, and humidity was kept between
80 and 85%. Top misting was set at 8 s at 1-h intervals.
One hundred and fifty days after planting, all cuttings were
carefully removed from the rooting medium (Figures |
and 2).

Callus induction was visually assessed based on the
presence of callus tissue at the basal end of each cutting.
The callus induction rate (%) was calculated as the percen-
tage of cuttings that formed visible callus relative to the to-
tal number of cuttings planted using the following formula:

Number of cuttings with callus

Callus induction rate (%) =
(%) Total number of cuttings

Figure 2. Rooted boxwood cuttings: (a) B. sempervirens;
(b) B. balearica

Rooting was considered successful when a cutting
had developed at least one adventitious root. Accordingly,
rooting rate (%) was calculated as follows:

Number of rooted cuttings
Total number of cuttings

After the evaluation of callus induction and rooting,
the cuttings were gently washed under running water to
remove substrate particles without damaging the roots.
Each cutting was then placed flat on a white background
for morphological measurements. Root length (mm) was
measured from the basal end of the cutting to the tip of
the longest root. Root width (mm) was determined as the
maximum horizontal spread of the root system by mea-
suring the distance between the two outermost roots. The

Rooting rate (%) =
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length of newly developed shoots formed during the rooting
period was measured from the base of the shoot to its apex.
The number of fully expanded leaves produced on these ne-
wly developed shoots during the rooting period was counted
manually. Linear measurements were performed using a ruler
or a digital caliper, depending on the parameter measured.

Root quality was visually evaluated using a 0-5 ra-
ting scale based on the number and overall development of
adventitious roots, where 0 = no rooting; 1 = poor rooting
(1-2 roots); 2 = moderate rooting (3—4 roots); 3 = good
rooting (5—6 roots); 4 = very good rooting (7—8 roots); and
5 = excellent rooting (9 or more roots).

Data analyses

The experiment was arranged in a completely rando-
mized design (CRD) with three replicates. Each genotype was
represented by three replicates consisting of 20 semi-hardwood
cuttings, resulting in a total of 60 cuttings per genotype. The
data were analyzed using one-way analysis of variance (ANO-
VA) with JMP Pro 17.0.0 (SAS Institute 2022). Mean com-
parisons among genotypes were performed using Duncan’s
multiple range test at the 5% and 1% significance levels.

Results
Rooting characteristics and analysis

According to the measurements performed after the
cuttings were removed from the rooting medium, signifi-
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cant differences were observed among the genotypes of
both species for root length, root width, number of roots,
root quality, shoot length, number of leaves, callus induc-
tion rate, and rooting rate. In B. sempervirens, 63% (119)
of the genotypes exhibited a rooting rate of 50% or higher,
whereas 35% (66) exhibited a rooting rate below 50%. No
rooting was observed in 2% (4) of the genotypes. In B. ba-
learica, 82% (14) of the genotypes exhibited a rooting rate
of 50% or higher, whereas 18% (3) exhibited a rooting rate
below 50% (Tables 4 and 5).

Root length in B. sempervirens ranged from 42.3 to
253.0 mm. The highest root length was recorded in ge-
notype 61TAR11 (253.0 mm), whereas the lowest value
was observed in genotype 31HDOS (42.3 mm). In B. ba-
learica, root length ranged from 39.0 to 116.9 mm. The
highest root length was recorded in genotype 31HT04
(116.9 mm), whereas the lowest value was observed in ge-
notype 31HT06 (39.0 mm; Tables 4 and 5).

In B. sempervirens, root width ranged from 35.2 to
210.0 mm. The highest root width was recorded in geno-
type 46AN12 (210.0 mm), whereas the lowest value was
observed in genotype 31HDOS (35.2 mm). In B. baleari-
ca, root width ranged from 33.8 to 136.0 mm. The highest
root width was recorded in genotype 07KU04 (136.0 mm),
whereas the lowest value was observed in genotype
31HTO03 (33.8 mm; Tables 4 and 5).

The number of roots in B. sempervirens ranged from
3.5 to 30.0. The highest number of roots was recorded in
genotype 46AN17 (30.0), whereas the lowest value was

Table 4. Rooting characteristics of cuttings with different genotypes in B. sempervirens

Root

Root Shoot Callus

. Root width Number of . Number . . Rooting
Province No. Genotype Igﬂg}? (mm) roots C](L(;i%t)y I(errr:gr;r:t)\ of leaves Ip:tléc(t‘l’z;] rate (%)
Artvin 1 08ATO1 147.0RY 95.0 3¢ 7.0 48 - - 5.0H1-w 759K
2 08AT02 117.53¢ 140.0V-Y 12.5%° 38C - - 18.0%-2 68 °P
3 08AT03 13252 114.5" 10.5M-v 38C - - 7.0811 307
4 08ATO04 210.0¢ 185.0¢ 24.068¢cP 54 - - 7.0E-K1 78K
5 08ATO5 147.5RV  1450M° 13.0+° 38¢ - - 4.0 504
6 08AT06 120.0 -3¢ 96.0° 10.5%" 38C - - 10.0 ¢+ 88 CPE
7 08ATO7 105.0¢ 148.5%° 11.5KT 38C 50.0¢ 4.2¢°¢ 4.0 92h48C
8 08AT08 13252 127.59-¥ 26.08¢ 54 60.08 8.0°8 3.0K1-wt 57 u-x
9 08AT09 120.0-%c  130.55X 18.0¢H 48 - - - 954
10 08AT10 137.5%v2 133.5RY 13.0%° 38¢ - - 15.0Y-¢1 57 ux
Rize 1 53CMO01 101.7" 96.5 ¢ 6.9V 2AE - - 2.2t 57 U
12 53CM02 89.3 hik 88.5 e 6.7 VL 2AE - - 7. 781 68 °P
13 53CM03 83.81K 85.9 def 11.9%R 38C 20.1N° 3.2F¢ 15.5Y-81 56 V-Y
14 53CM04 67.9°° 69.9N 7.851 2AE - - - 20!
Trabzon 15 61 KBO1 220.08 125.0%2 7.5™ 2AE - - 2.0t 269"
16 61KB02 207.5¢p 140.0POR 12.0%Q 38C - - 6.0 611 33¢f
17 61KB03 155.0N-2 12759 13.5N 38C 20.1N° 4.2¢°¢ 7.081 33¢f
18 61KB04 202.50¢ 170.0F¢ 11.5%S 38C - - - 43k
19 61AY01 146.05W  135.09¢V 7.5 24E 253"+ 5.4°¢c-¢ 16.0%8 15Km
20 61AY02 14259 167.5FcH 13.0%° 38¢ 26.3¢ 7.4°85¢ 8.0F1 382d
21 61AY03 125.0"- 132.5RW 21.00-¢ 54 30.3FeH 8.4 B¢D 5.0H-w 78X
22 61HYO01 117.5%> 105.0-" 552 24AE 20.3MNo 5.98¢ 1.041™1 4571
23 61HY02 155.0N-2 130.0™* 12.0%Q 38¢ 26.8¢HY 5.58¢ - 78X
24 61HY03  120.0-%>¢ 90.0 bed 9.0P2 2AE 30.67¢ 3.3b¢ 35.0M2 53xvz
25 61HY04 145.05%  120.0Y4 10.5M-v 38C 33.8FF 8.38¢D 7.0E1 457
26 61HY05 222.08 200.08 13.5N 38C 32.9F 8.2°8 7.081 5gTuvw
27 61MC01 170.0* 145.0M-° 13.5N 38C 27.8¢H 5.18F 10.0 ¢+ 4571
28 61MC02 124.0-2 152.54M 145+ 38c 25.7HK 5.18F 10.0 ¢+ 87 DEF
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Table 4. (continued)

Root Root Shoot Callus

: Root width  Number of : Number . : Rooting
Province No. Genotype I?rﬂ?r:;] (mm) roots q(t(,;i%t)y I?r:?ntr)] of leaves Ipadtléc(t‘l’z;] rate (%)

29 61MC03 157.5N° 165.0¢1 13.54N 38¢ 33.9FF 7.78¢ 8.0F 88 CPE
30 61MC04 151.50T  1445MF 10.0M* 2~E 37.9°0F 8.6~P 30.09Rs 524
31 61MC05  141.0% 195.08 30.0% 5A 21.3%0° 3.9¢¢ 2.0tm 9248C
32 61MCO06 137.5%¥2 115.0" 8.501 2AE 26.3¢ 5.68¢ 33.00® 33¢f
33 61MC07  152.50%  138.57S 10.5M-v 38¢ 18.7°P 6.45F 7B 50
34 61MC08 128.5M" 136.097 13.54N 38¢ 243N 5.4°8F 11 81-61 88 CPE
35 61MC09 182.0% 148.5-° 12.0%@ 38¢C 245N 8.25F 10 Cr-H1 88 CPE
36 61MC10 83.5M 100.0@ 6.0Y4 2¢ 242N 6.08-¢ 9o 502
37  61TAR05  157.5MN° 67.57 6.0Y4 2¢ - - 50 ¢t 20}
38  61TARO06 170.0* 142.5N- 14.04M 38¢ - - 255V 504
39  61TARO7 180.0 140.0PAR 11.0wv 36B¢ - - 17 %A1 55 wxv
40 61TARO8  207.5¢P 175.0 DFF 4.0t 1Fe 20.0MN° 5.08¢ 60°EF 36 e
41 61TAR09  187.5H 175.0 DFF 9.50Y 2¢ 20.1No 4.28¢ 7011 33¢f
42 61TAR10  205.0¢%¢  135.0%V 8.501 2¢ - - 15%-81 52Y2
43 61TAR11 253.0¢° 180.0¢0 5.00 1EFG 25.3 WKL 4.4¢c¢ 1681 77
44  61TAR12  1425YX  167.5FeH 12.0%Q 38¢ 26.3¢ 7.4°85¢ gEIX 605V
45  61TAR13  195.0F¢  127.5U%-Y 8.501 2¢ 25.0°M 8.05F 13%& 77K
46  61TAR14  190.0¢"  120.0Y& 10.0N* 2¢ 15.0° 6.04° 5 H1-M1t 9348
47 61TAO1 137.5%¥2 112,51 12.0%Q 38¢ - - 50 c¢H 43"
48 61TA02 126.0V- 130.0™* 18.0¢H! 48 - - 16%-81 68 °P
49 61TA03 145.0™"  170.0FF¢ 10.0M* 2¢ - - 28RsT 33¢f
50 61TA04 129.00" 116.0" 7.5™ 2¢ - - 309rs 56 VY
51 61TA05 114.5 140.0PaR 16.0HY 4B 27.8¢ 7.04° 5 H1-M1t 53%vz
52 61TA06 207.5¢ 155.0K 145 38¢ 25.0M 7.0AP 38L° 477
53 61TA07 192.5¢H 120.0Y4 13.54N 38¢ 33.0F 7.0AP 13%# 30
54 61TA08 135.04 152.54M 16.0"V 48 - - 309rs 17
55 61TA09 106.0¢f 112.5M 11.0wY 38¢C - - g Et-K 80+
56 61TA10 117 .52 120.0Y2 12.0%@ 38 25.0°M 7.04P 21u-x 21i

Giresun 57 28GDO01 117.9 ebe 116.100" 7.2 2¢ 253+ 4.4c¢ 6 oK1 93r8C
58 28GD02 116.9¢ 1151 10.2M-W 38¢ 26.3¢ 7.45F 8.9 78X
59 28GD03  121.9"-= 1740 9.20 2¢ 30.3FeH 8.48¢P 219X 68 °°
60 28GD04 114.9bed 11217 6.250 2¢ 20.3MNo 5.98¢ 11 B1-G1 55 WxY
61 28GD05  144.9™%  133.1RW 11.2%T 38 26.8¢ 5.58-¢ - 964
62 28DDO1 184.5 165.5¢H 20.0FF¢ 48 60.08 7.08¢0 10 c1-H1 61RY
63 28DD02 110.0¢% 110.0™ 11.0wY 38 - - 50 ¢t 25h
64 28DD03 185.0 150.0%N 7.004 2¢ - - 834 5¢
65 28DD04 115.0bed 97.5%® 4.5W-0 10-¢ - - 50 ¢t 15 kim
66 28DD05 92.5N 97.5% 8.0R1 2¢ - - 60 EF 10m
67 28DDO06 155.0NM@  137.5PT 11.0v™ 38¢ - - 30aRs 42-2
68 28DD07 130.00 137.57T 10.0M* 2¢ - - 60°FF 14 mn
69 28DD08 85.0 95.02e 10.5M-v 38¢C - - 758 10
70 28DD09 165.0M™ 60.0 4.5 1P - - 60 EF 15 kim
71 28DD10 135.0v4 125.0%-2 10.0NX 2¢ - - 708¢ 211

Ordu 72 52K01 122.5"-2 85.0 def 12.0%Q 38¢ - - 50 cH 15Km
73 52K02 87.51k 124.0%1 10.0M* 2¢ - - 471V 55 WxY
74 52K03 150.0PT 85.0 ¢f 10.0M* 2¢ - - 23™wW 18
75 52K04 110.0¢% 155.0 K 11.0vY 38 - - 10 c1-H1 47"
76 52K05 120.0-80° 100.0 9.0P2 2¢ - - 30aRs 10m
77 52K06 125.0 95.0 3¢ 12.0%Q 38¢ - - 50 cH 370
78 52K07 60.0° 75.09n 6.050 2¢ - - 41w 42-=
79 52K08 160.0MN 125.0"-2 10.0M* 2¢ - - 28RsT 457
80 52K09 170.0* 160.0HV 12.0%Q 38¢ - - 3850 382
81 52K10 95.09" 100.0 8.5a1 2¢ - - 10 c1-H1 80"

Sinop 82 57DB01 85.0M 80.0°f 8.0R1 2¢ 50¢ 8Bt 40KN 10
83 57DB02 110.0¢% 120.0Y2 10.0M* 2¢ - - 42 19Kk
84 57DB03  120.0-%c  120.0YZN 12.5%+° 38 - - 42 370
85 57DB04  205.0°¢cE 80.0 ¢ 352 10 - - 50 cH 12mn
86 57DB05 160.0MN 160.0HV 20.0FF¢ 48 704 9ABC 2t 954
87 57DB06 150.0™T  140.0PR 15.04 38¢C - - 20V-Y T4 KN
88 57DGO1  120.0-=¢  160.0" 24.068¢cP 5A - - 11 B1-G1 33¢f
89 57DG02 180.0% 140.0PaR 11.5%s 38 - - 380 35¢
90 57DG03  155.0M@  155.0% 14.04M 38¢ 50¢ 5.38¢ 265™ 57 U
91 57DG04 160.0MN 170.0&F¢ 27.0%8 54 - - 12A1-E1 87¢cF
92 57DG05 165.0™ 120.072 13.0%° 38¢C - - 309rs 57X
93 57DG06 170.0- 105.0- 4.0 1° - - 40KN 33¢f
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Table 4. (continued)

Root Root Shoot Callus

. Root width  Number of . Number . . Rooting
Province No. Genotype I?rﬂ?r:;] (mm) roots q(t(,;i%t)y I?r:?ntr)] of leaves |padtléc(t(|)z;1 rate (%)
94 57DG07 250.0° 120.0Y2 9.50-Y 2¢ - - 43 K 55wWxy
95 57DG08 80.0'm 50.0™ 5.0™ 10 - - 40KN 10
96 57DG09 180.0% 180.0¢P 24.08¢cP 54 - - 10 ¢1-H1 75KM
97 57DG10 180.0K 155.0 % 8.5¢1 2¢ - - 15Y-¢1 70QNo
98 57DG11 170.0- 150.0 KN 10.0M 2¢ - - 13 & 86¢c¢
99 57DG12 130.00 120.0 Y2 16.0HV 48 - - 49H 422
100 57DG13 155.0NQ 170.0F¢ 11.0wV 368¢ 40° 1048 32PR 524
101 57DG14 180.0K 170.05F¢ 20.0°FF¢ 48 608 124 13 & 53 vz
Kastamonu 102 37KA01 154 5N-R 135.50V 8.0Rt 2¢ - - 30 @RS 30f
103 37KA02 120.0-%c  130.0™* 15.0 368¢ - - 10 ¢+t 80HM
104 37KA03 185.0 W 150.0 KN 16.0HV 48 - - 511-M1 83 FeH
105 37KA04 135.0Y4 97.5%® 5.0V 10 - - 258V 47w
106 37KA05 102.57 97.5%® 8.0Rt 2¢ - - 15Yz¢c1 37 bode
Bolu 107 14GY01 120 -2 100 10.0MX 2¢ - - 30 @RS 35¢d
108 14GY02 130N 170°EFC 15.0 368¢ - - 20V 7QnNo
109 14GY03 - - - - - - - -
110 14GY04 - - - - - - - -
111 14GY05 - - - - - - - -
112 14GY06 1104 140 PR 12.0KQ 368C - - 3Ki-m 9448
113 14GY07 150P-T 170FEFC 8.0R1 2¢ - - 50 cH! 48N
114 14GY08 1251 170°FEFc 4.04 10 - - 66 cP 20}
115 14GY09 110¢% 130X 18.0 61 48 - - 30 RS 502
116 14GY10 120 -2 70N 4.5V 10 - - 50 ¢H 15 kim
117 14GY 11 1104 120 5.0V 1P - - 45K 18M
Sakarya 118 54TRO1 959 769" 8.0R1 2¢ - - 40KN 30f
119 54TR02 100" 100 13.0%-° 368¢ - - 30 Rs 55 wxy
120 54TRO3 110¢% 160 HY 14.0 KM 368¢ - - 511-M1 9448
121 54TR04 140Wxv 130X 9.0P2 2¢ - - 41-w 9348C
122 54TRO5 150P-T 90 bed 11.0wV 368¢ - - 2t 974
123 54TR06 120 -abe 110" 11.0wV 368¢ - - 26 62 RsT
124 54TRO7 120 -2 150 KN 16.0HY 48 - - 511-M1 90°
125 54TR08 110 100 9.50Y 2¢ - - 10 ¢ 88 CPE
126 54TR09 120 -2 95 2be 3.5% 10 - - 6611 898¢
127 54TR10 1300 110" 12,57 368¢ - - 58 EF 41 @b
128 54TR11 1300 150 KN 13.5%N 368¢ - - 15Y-¢1 87¢F
129 54TR12 90 hi 110" 19.0FeH 48 - - 11 81-61 85FF¢
130 54TR13 100" 110" 20.0°FF¢ 48 - - 661K 8940
131 54TR14 - - - - - - - -
132 54TR15 140Wxv 105- 9.0P2 2¢ - - 50 ¢H! 40 @0
133 54TR16 12020 110" 9.0P2 2¢ - - 1375 75KM
Bursa 134 16MKO01 100" 120 Y2 15.0 368¢ - - 60EF 40 2
135 16MK02 95¢h 120 Y2 18.06H 48 - - 11 81-61 88 CPE
136 16M K03 75mn 953be 16.0HV 48 - - 60EF 37 bode
137 16MKO04 140 WXy 130™X 22.5¢F 54 - - 6 ¢1-K1 9348C
138 16MKO05 115bed 135V 16.0HY 48 - - 61PE 38 abed
139 16MKO06 130N 140PAR 14.0 KM 368¢ - - 258V 9348C
140 16MKO7 140Wxv 130X 19.0FeH 48 - - 60 F 35¢d
141 16MKO08 1300 175 PEF 22.0PEF 54 - - 2t 974
142 16MKO09 180X 170°FEFc 22.0PEF 54 - - 1w 964
143 16MK10 120 -2 100 14.04M 368¢ - - 258V 608
144 16MK11 140 Wxv 115" 12,547 368¢ - - 5 H1-m1 87¢CF
145 16MK12 1300 135V 20.0°FF¢ 48 - - 41— 88 CPE
146 16MK13 120 -2 95 3be 11.0wV 368¢ - - 30@Rs 65 PR
Osmaniye 147 80DU01 155.0NQ 135.0¢V 10N 2¢ - - 15Y-¢1 57 Ux
148 80DU02 202.5°¢ 152.0+M 13.54N 368¢ - - 18W-2 53 vz
149 80DU03 146.08-W 144 5M-° 12.54P 368¢ - - 17 %A1 30f
150 80DU04 142.5 % 175.0 PEF 20°FF¢ 48 - - 17 %A 73MN
151 80DU05 128.5M" 155.0 ¢ 151K 38¢ - - 14201 70N
152 80DU06 182.0 % 116.00" 10.5MV 368¢ - - 10 ¢+t 7QNo
153 80DU07 151.507 138.57% 14.5+ 368¢ 20.0N° 4.0¢¢ 14701 80HH
154 80DU08 141.0%Y 157.5 23 CPE 54 20.0N° 4.0¢¢ 13 & 77
155 80DU09 137.5%2 140.50R 18 CH! 48 - - - 80HM
156 80DU10 152508 125.0W-2 8 R 2¢ - - 258V 63 ARs
157 80DU11 128.5M" 137.0°7 71 2¢ - 3.2FF¢ 35N-a 60p
Kahramanmaras 158 46AN01 200.0FF 115.0" 9Pz 2°¢ - - 2Lt 80+
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Table 4. (continued)

Root : Root Shoot Callus .
Province No. Genotype length Rogﬁ:]vr;l)d th Nup;gtesr of quality  length oNflIJerzgt\)/er induction Ect)gt(';?)
(mm) (0-5) (mm) rate (%)
159 46AN02 207.5¢P 150.0 %N 1My 38¢ - - 6 Cc1-K1 70No
160  46ANO3 155.0M2  135.0¢V 151K 38¢ 20.1N° 25¢ 7B 80"
161 46AN04 202.5PE 160.0" 11T 368C - - - 83 FeH
162 46AN05 149.0@V 125.0"-2 6 R 2¢ 20.5+° 6.05F 15Y-C1 83 FeH
163 46AN06 13252 177.5C0E 8Rl 2¢ 20.6-° 5.08-¢ 7 P 77X
164 46AN07 115.0bed 122.5%1 8 Rl 2¢ - - 6 c1-K1 77 M
165 46AN08 157.5N° 135.0¢ 704 2¢ - - 5 H1-w 80HH
166 46AN09 165.0tM 135.0@V 151K 368C - - - 83 FeH
167 46AN10 157.QNoP 95.03¢ 8 R 2¢ 30.17 4.1¢¢ 15Y-C1 77K
168 46AN11 165.0M 140.0POR 12KQ 38¢ 30.3FcH 6.05F 9Db1-it 83 FeH
169 46AN12 205.0 °PE 210.0* 151K 38 - - 9Db1-it 67 0P
170 46AN13 130.00 155.0 ¢ 8 R 2¢ - - 135 77K
171 46AN14 154.0NR 152.5M 7P 2¢ - - 17 %A1 73LMN
172 46AN15 157.5N0 165.0 ¢+ 13.54N 368C 34.0%F 7.75F 8K 88 CPE
173 46AN16 151.50¢ 144 5M-P 10N 2¢ 38.00E 8.6~P 300ars 52Y2
174 46AN17 141.0%Y 195.08 304 54 21.3K0 49¢¢6 2tm 9248
175 46AN18 137.5%2 115.0" 8.5 2¢ 26.36¢~ 6.65F 330R 33¢f
176 46AN19 1562.50-5 138.575 10.5MV 368C 18.7°° 6.4 ABC 7 E1Ki 502
177 46AN20 128.50" 136.097 13.54N 368C 243N 5.48-F 11 81-61 88 CPE
Hatay 178  31SMO1 84.9M 61.3k 8.671 2¢ 30.67¢ 5.38¢ 1w 984
179  31SM02 64.9°° 48.8m 10.0NX 2¢ 33.8FF 8.38¢D 3 K-t 92h8C
180 31SM03 104.4 ¢ 79.37 6.4 510 2¢ 33.0F 8.25¢ ™ 994
181 31SM04 62,90 59.7 K 7.391 2¢ 27.8¢7 7.985¢F 2t 974
182 31SM05 89.6 " 80.3°1 8.8 Pa-l 2¢ 2571 7140 29FRs 48N
183  31SMO06 726" 82449 13.6%N 38 34.0%F 7.78F 14,501 502
184 31SMO07 114.4« 89.3bed 10.4MmV 38 38.00E 8.6~P 10 c1-H1 76 ¢
185  31HDO1 60.0° 55.9km 7.091 2¢ - - 15Y-C1 65 PR
186 31HD02 82.0Km 42.5m™ 8.0R1 2¢ - - 10 ¢+t 7QNo
187 31HDO3 68.9m 70.3" 7.5P2 2¢ 20.5+° 6.05-F 11 B1-61 71 MNO
188 31HD04 72.5" 52.6'™m 10.0M 2¢ - - 14701 75KM
189 31HDO5 42.39 35.2° 3.8%1 1P - - 219X 55 Wxy
Average 137.8 139.4 11.8 4 29.8 6.8 235 54.9
Cv 3.3 4.1 20.2 19.8 11.8 18.5 11.4 4.4
Note: ** p < 0.01, * p <0.05; ns — non-significant.
Table 5. Rooting characteristics of cuttings with different genotypes in B. balearica
Root : Root Shoot Callus :
Province No. Genotype length Root width Numbter of quality  length Nlejmber induction ROOtI(Y)}g
(mm) (mm) roots (0-5) (mm) of leaves o (%) rate (%)
Adana 1 01AFO1 61.5¢ 65.0" 17.778 48 0E 0P 30.0¢ 60'
2 01AF02 78.7F 74 4F 17.978 48 0E 0P 15.0¢ 80°
3 01AFO03 51.6% 68.3F 15.3B¢D 48 0E 0P 25.0° 65¢
4 01AF04 95.2°P 60.4K 10.6 PFF 38¢C 0E 0P 10.0¢H 75F
5 01AF05 75.8F 92.2° 16.08¢ 48 0E 0° 29 9618
Antalya 6 07KUO01 51.0M 60.87 9.8FF 2¢ 0E o° 33.08 20°
7 07KUO02 47.2° 63.9' 15.18¢0 48 0E 0P 45.0~ 50t
8 07KUO03 57.7% 59.0 10.1FF 368C 20.08¢cP 4.0°¢ 5.0V 65¢
9 07KU04 108.78 136.07 12.5C0E 368C 0E 0P 3.0 978
10 07KU05 105.8°¢ 114.0¢ 21.34 54 0E 0P 2.0’ 984
Hatay 11 31HTO1 75.6°¢ 42.8° 8.7FF¢ 2¢ 21.38¢D 5.98C 2.0Y 974
12 31HTO02 48.7° 52.0M 9.4FF 2¢ 26.8° 6.65¢ 43! 9648
13 31HTO03 50.6N 33.8@ 3.8¢ 10 18.7° 6.4ABC 34.4°¢ 50t
14 31HTO04 116.92 115.18 7.2F¢ 2¢ 24.38¢ 5.48¢ 13.3F 69F
15 31HTO05 62.5' 65.0¢ 45¢ 1P 24 .58 8.2A 10¢ 93ABC
16 31HTO6 39.0@ 47.7° 7.6FF¢ 2¢ 24.28¢ 6.08¢ 8.3H! 42N
17 31HTO7 73.24 55.9M 8.4FF¢ 2¢ 4214 7.0%8 6.0" 30°
Average 70.6 71.0 11.5 4 252 6.2 15.3 71.4
Cv 7.7 4.6 24 26 16.3 23.4 14.7 5.1

Note: ** p < 0.01, * p < 0.05; ns — non-significant.
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observed in genotype 54TR09 (3.5). In B. balearica, the
number of roots ranged from 3.8 to 21.3. The highest num-
ber of roots was recorded in genotype 07KUOS (21.3), whe-
reas the lowest value was observed in genotype 31HTO03
(3.8; Tables 4 and 5).

Root quality ranged from 1 to 5 points in both spe-
cies. In B. sempervirens, 6.5% (12) of genotypes scored
5 points, 12% (22) scored 4 points, 41% (76) scored 3 po-
ints, 34% (63) scored 2 points, and 6.5% (12) received
1 point. In B. balearica, 6% (1) of genotypes scored 5 po-
ints, 29% (5) scored 4 points, 18% (3) scored 3 points, 35%
(6) scored 2 points, and 12% (2) received 1 point (Tables 4
and 5).

Shoot length ranged from 15.0 to 70.0 mm. In B. sem-
pervirens, the highest shoot length was recorded in geno-
type 57DB05 (60.0 mm), whereas the lowest value was
observed in genotype 61TAR14 (15.0 mm). In B. ba-
learica, shoot length ranged from 18.7 to 42.1 mm. The
highest shoot length was recorded in genotype 31HTO7
(42.1 mm), whereas the lowest value was observed in ge-
notype 31HTO03 (18.7 mm; Tables 4 and 5).

The number of leaves in B. sempervirens ranged from
2.5 to 12.0. The highest number of leaves was recorded in
genotype 57DG14 (12.0), whereas the lowest value was
observed in genotype 46ANO03 (2.5). In B. balearica, the
number of leaves ranged from 4.0 to 8.2. The highest num-
ber of leaves was recorded in genotype 31HTOS (8.2), whe-
reas the lowest value was observed in genotype 07KUO03
(4.0; Tables 4 and 5).

While the callus induction rate in B. sempervirens
ranged from 1% to 83%, the highest callus induction rate
was recorded in genotype 28DD03 (83%), whereas the
lowest value (1%) was observed in genotypes 61HYOI,
31SMO01, 31SMO03, and 16MKO09. In B. balearica, the cal-
lus induction rate ranged from 2% to 45%, with the highest
value recorded in genotype 07KUO02 (45%) and the lowest
value (2%) observed in genotypes 01AF05, 07KUO0S5, and
31HTOI (Tables 4 and 5).

The rooting rate in B. sempervirens ranged from 5%
to 99%. The highest rooting rate was recorded in genotype
31SMO03 (99%), whereas the lowest value was observed in
genotype 28DD03 (5%). In B. balearica, the rooting rate
ranged from 20% to 98%. The highest rooting rate was
recorded in genotype 07KUO5 (98%), whereas the lowest
value was observed in genotype 07KUO1 (20%; Tables 4
and 5; Figure 3).

99 98 u B. sempervirens

80 B. balearica

Rooting rates (%

20 - 5
0. —
31SM03 28DD03

07KU05 07KUO01

Figure 3. Comparison of rooting rates of boxwood cuttings
with different genotypes
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Rooting analysis according to provinces

When the mean rooting rates of boxwood cuttings
were compared among provinces, the highest rooting rate
of B. sempervirens cuttings was observed in samples col-
lected in Hatay (74.7%), Kahramanmaras (74.7%), and Sa-
karya (74.3%); they were also in the same group. In con-
trast, boxwood cuttings collected in Ordu province (38.7%)
showed the lowest rooting rate (Table 4; Figure 4).
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Figure 4. Comparison of the mean rooting rates of
B. sempervirens and B. balearica cuttings among
provinces

In B. balearica, the highest mean rooting rate was re-
corded in Adana (75.2%), whereas the lowest was recorded
in Antalya (66.0%; Table 5; Figure 4).

Discussion

In the present study, the rooting rate of the genotypes
varied between 5 and 99% in B. sempervirens, while this
rate ranged from 20 to 98% in B. balearica. In the study
conducted by Banko and Stefani (1986), the highest roo-
ting percentages were reported as 92.5% for B. sempervi-
rens, 51.3% for B. sempervirens ‘Suffruticosa’, 80.4% for
B. microphylla var. koreana Nakai, and 72.8% for B. mic-
rophylla var. japonica (Miill. Arg.) Rehder & E.H. Wil-
son. Similarly, in the study conducted by Wang (1989),
the rooting rate varied between 4% and 68%. In the study
conducted by Ramadan and Adulrazzaq (2019) on B. sem-
pervirens, the rooting rate was found to be as low as 14%.
Especially in B. sempervirens, the highest rooting value we
found in this study is close to the value detected by these
researchers. These findings further indicate that rooting
performance varies depending on plant species, genotype,
and propagation treatments (Huang et al. 2007). Concer-
ning root length and number of roots, in B. sempervirens,
these characteristics ranged from 4.23 to 25.30 cm and
from 3.5 to 30.0, respectively, while in B. balearica, they
ranged from 3.90 to 11.69 cm and from 3.8 to 21.3. Giiney
et al. (2023) reported that in B. sempervirens, the highest
values of root length and number of roots were 2.01 cm
and 7.83, respectively, in the 3000 ppm IBA application.
Again, Kaviani et al. (2017) in their study on B. hyrcana
Pojark., obtained a maximum root length of 7.3 cm and
root number of 8.7 with 1000 mg 1! IBA and 1000 mg 1™
NAA. Likewise, Banko and Stefani (1986) reported that
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IBA treatment substantially improved root development,
with the highest values reaching 11.4 roots and 5.6 cm root
length in B. sempervirens, 6.8 roots and 3.4 cm root length
in B. sempervirens ‘Suffruticosa’, 10.6 roots and 9.8 cm
root length in B. microphylla var. koreana Nakai, and
6.8 roots and 2.6 cm root length in B. microphylla var. ja-
ponica (Miill. Arg.) Rehder & E. H. Wilson. When compa-
ring the results of previous studies with those of our study,
it became clear that the lower limit of our data was similar
to the data obtained by other researchers; however, the up-
per limit was higher than that of other researchers. The di-
fferences observed between our results and those reported
in previous studies may be attributed to variations in cut-
ting type, the duration of the rooting period before evalua-
tion, and other experimental conditions. Indeed, rooting is
affected by numerous internal factors, such as genetic bac-
kground, endogenous hormones, and stored carbohydrate
reserves, as well as external factors including temperature,
humidity, light, rooting medium, and the timing of cutting
collection (Hartmann et al. 2011).

These factors significantly influence rooting per-
centage, root quality, and overall rooting performance of
cuttings (Agaoglu et al. 2019). In addition, studies using
green cuttings in cranberry have reported that the number
of roots varies depending on the genetic structure (Balta et
al. 2019) and that IBA application has a significant effect
on the number of roots (Kalyoncu et al. 2008, Balta et al.
2019). In the study, a significant effect of genetic structure
and hormone application on the number of roots was deter-
mined. With respect to previous studies, it is suggested that
this situation may be due to differences in genetic structure
(Azad and Matin 2015).

In this study, the callus induction rate varied betwe-
en 1% and 83% in B. sempervirens and between 2% and
45% in B. balearica. The results obtained in the study re-
vealed that the callus induction rate also differs between
species and genotypes. Indeed, callus induction rate is an
important feature that affects the rooting rate in cuttings
(Kalyoncu et al. 2008). In propagation studies conducted
with cranberry, it has been reported that the callus induc-
tion rate varies significantly depending on the genotype
(Yavuz 2015, Balta et al. 2019).

Root quality is an important characteristic affecting the
quality of rooted cuttings and, consequently, seedling pro-
duction (Yildiz et al. 2009). Significant differences in root
quality were observed among the examined boxwood geno-
types. Although only a small proportion of genotypes exhibi-
ted excellent root quality (6.5% in B. sempervirens and 6% in
B. balearica), most genotypes produced roots of intermedia-
te quality, indicating considerable genotypic variation in root
system development. Balta et al. (2019) similarly reported
that rooting quality in cranberry varied significantly among
genotypes and improved following hormone application.
Consistent with these findings, the present study demonstra-
tes that root quality in boxwood is strongly influenced by
genotype, even under identical propagation conditions.
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Conclusion

According to the results of the study, the rooting
rate of the genotypes ranged from 5% to 99% in B. sem-
pervirens and from 20% to 98% in B. balearica. At the
provincial level, the highest rooting rate was recorded in
Hatay for B. sempervirens and in Adana for B. balearica,
whereas the lowest rooting rate was recorded in Ordu for
B. sempervirens and Antalya for B. balearica. As can be
seen, the rooting rates of the genotypes of both boxwood
species varied considerably. In this population, genotypes
both with very high rooting and with very low rooting of
cuttings were found. These results revealed genotypes with
very high rooting. The obtained data also made it possible
to identify boxwood genotypes with high rooting of cut-
tings for the restoration of damaged boxwood forests. In
addition, the data obtained may assist in the selection of
suitable plants in breeding research, for example, for use
as ornamental plants and for resistance to biotic and abio-
tic stressors.
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