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Abstract —In the late 1990s, Hungarian Forest Research Institute researchers produced 15
micropropogated black locust (Robinia pseudoacacia L.) clones as part of a program to select clones
that could be successfully grown on arid sites. Five of these clones (R.p. ‘Vacsi’, R.p. ‘Szalas’, R.p.
‘Oszlopos’, R.p. ‘Homoki’ and R.p. ‘Bacska’) have been categorized as cultivar candidates. The current
study presents information concerning the ‘Bacska’, ‘Vacsi’ and ‘Homoki’ candidate cultivars. Based
on research results obtained thus far, the three aforementioned candidate cultivars seem the most
promising. The cultivars, aged 6-15 years, were tested in a variety comparison trial under arid, sandy
soil conditions in the Danube-Tisza Interfluve near the town of Helvécia. Significant differences
(p<0.05) were observed during results evaluation of full inventories and during the comparison of
candidate cultivars partly with common black locust and partly with ‘Jaszkiséri’ cultivars. The 15-year-
old ‘Homoki’ outperformed common black locust in diameter and mean tree volume; ‘Vacsi’
outperformed in stem quality. The 14-year-old ‘Bacska’ candidate cultivar was compared with the
‘Jaszkiséri’ cultivar and the ‘Oszlopos’ cultivar candidate. ‘Bacska’ proved to be significantly better in
diameter and mean tree volume than Jaszkiséri’, but weaker in trunk quality.

The South Korean National Institute of Forest Science has supported this research for several years. The
growing technology of the mentioned candidate cultivars are also examined in Korea, taking local
ecological conditions into account.

Robinia pseudoacacia / micropropagation / selection / black locust growing

Kivonat — Akacfajtajeloltek termesztése szarazodé homoki terméhelyen. Az 1990-es évek végén
az Erdészeti Tudomanyos Intézet kutatdi a szarazodd terméhelyeken is eredményesen termeszthetd
akacklonok szelektalasat célul kitliz6 program keretében 15 klont allitottak eld, amelybdl o6t
(R.p.’Vacsi’, R.p.’Szalas’, R.p.”Oszlopos’, R.p.”Homoki’ és R.p.’Bacska’) fajtajelolti mindsitést kapott.
Jelen tanulmanyban, a fentebb emlitett fajtajeloltek koziil, a "Bacska’, a *Vacsi’ és a "THomoki’ keriilnek
bemutatasra. Az eddigi vizsgalati eredmények alapjan ez a harom fajtajeldlt tiinik a legigéretesebbnek.
A fajtajeldlteket a Duna—Tisza kozi homokhatsagon (Helvécia telepiilés kdzelében), szarazodo, gyenge
homoki term6helyen 1étesiilt fajta 6sszehasonlito kisérletben vizsgaltuk 6-15 éves korban. Az allomany-
felvételek eredményeinek kiértékelése, a fajtajelolteknek részben a kodzonséges akaccal, részben a
*Jaszkiséri’ akaccal torténd Gsszehasonlitasa soran szignifikans kiilonbségeket tapasztaltunk. A 15 éves
’Homoki’ atméro, és atlagfa-térfogat, a *Vacsi’ torzsmindség tekintetében multa feliil a kdzonséges
akécot. A ’Bacska’ fajtajeloltet a Jaszkiséri’ fajtaval, valamint az ‘Oszlopos’ fajtajeldlttel hasonlitottuk
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Ossze, ahol a 14 ¢éves ’Béacska’ atmérében és atlagfa-térfogatban szignifikansan jobbnak,
torzsmindségben viszont gyengébbnek bizonyult a *Jaszkisérinél’.

Ezt a kutatdémunkat tobb éve tdmogatja a Dél-Koreai Erdészettudomdnyi Intézet, ahol az emlitett
fajtajeloltek termesztési technologiai tulajdonsagait szintén vizsgaljak az ottani okologiai feltételek
figyelembevétele mellett.

Robinia pseudoacacia / mikroszaporitas / szelekcié / akactermesztés

1 INTRODUCTION

Black locust (Robinia pseudoacacia L.), a hard broadleaved tree species, originates from North
America. The estimated area of black locust plantations beyond the native range is approx. 3
million ha globally (Schneck 2010). The fast spread of black locust can be expected in two
continents in the future: Asia, primarily in the countries of China and South Korea; and Europe,
with Hungary, Romania, Poland and some Mediterranean countries (mostly Bulgaria, Italy,
France, Turkey) being the most prominent black locust growers (Li et al. 2014, Nicolescu
2020).

Black locust was introduced to Europe more than 400 years ago (Demené — Merzeau 2007).
In Hungary, the first records of black locust introduction date back to the 18th century. Since
then, black locust area has been steadily increasing (Vadas 1911, Keresztesi 1988). Currently
the species covers approx. 24% of forested area in Hungary (HCSO 2019). Black locust was
introduced to South Korea in the 19" century. After the Korean War in the 1960s, it was heavily
used in the reforestation of denuded mountains. Recently, black locust is one of the most
extensively established exotic tree species in Hungary and South Korea. Its widespread growth
can be attributed to its drought tolerance, frequent and abundant seed production, rapid growth,
relatively high tree yielding potential, good honey production, excellent vegetative regeneration
ability, and low susceptibility to pest and pathogens. Its role in soil protection (erosion and
deflation control) is also decisive. Black locust wood is durable, high quality, and is utilized for
many purposes (Keresztesi 1988, Lee et a. 2004, Noh et al. 2010, Rédei 2013, Lee et al. 2019,
Nicolescu et al. 2020). In addition to its many advantageous properties, its ability to propagate
aggressively and its inability to associate due to its high light demand and strong root
competition should not be overlooked (Vitkova et al. 2015, 2017). Furthermore, common black
locust may also possess negative tree characteristics to varying degrees. These include warped
and space-curved trunks as well as forking and low industrial wood yields, all of which are
disadvantageous for growing (Keresztesi 1988).

Hungarian Forest Research Institute (FRI) staff have been improving black locust growing
technology for decades, including the creation and introduction of selected black locust
cultivars, the primary goal of which is to improve stem quality as well as increase yield and
nectar production. Thanks to this research work, we have several black locust cultivars and
candidate cultivars available for use in industrial plantations (Keresztesi 1983, 1988; Rédei et
al. 2001, 2002, 2008, 2017).

In the late 1990s, FRI researchers produced 15 micropropogated clones as part of a research
programme to select clones that could be successfully grown on arid sites. Five of these
(Robinia pseudoacacia ‘Vacsi’, Robinia pseudoacacia ‘Szalas’, Robinia pseudoacacia
‘Oszlopos’, Robinia pseudoacacia ‘Homoki’ and Robinia pseudoacacia ‘Bacska’) have been
granted a provisionally approved cultivar candidate category by the Hungarian National Food
Chain Safety Office (Rédei et al. 2002, 2006, 2008, 2013a, 2013b).

Apart from Hungary, several countries have initiated research programmes that aim to
improve black locust wood quality and/or increase biomass production for energy purposes.
Black locust breeding and improvement is undertaken in the USA (Bongarten et al. 1991,
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Straker et al. 2015), Germany (Liesebach et al. 2004, Bohm et al. 2011), Poland (Szyp-
Borowska et al. 2016), Bulgaria (Kalmukov 2005, 2014), Greece (Dini-Papanastasi — Panetsos
2000), Turkey (Dengiz et al. 2010), India (Sharma et. al. 2006), China (Dunlun et al. 1995, Li
et al. 2021), and South Korea (Lee et al. 2007). Countries are increasingly interested in black
locust improvement and management, with special attention focused on the species’ response
to climate change impacts.
The main goals of this paper are as follows:
e providing a brief review of the international aspects of black locust propagation and
improvement,
e documenting available knowledge about black locust candidate cultivars,
e presenting the most important results of growing black locust within the Hungarian-
South Korean cooperation as a reference work.

2 ORIGIN AND BOTANICAL DESCRIPTION OF THE BLACK LOCUST
CANDIDATE CULTIVARS

The black locust improvement (selection) programme launched in 1996 has two aims: to help
quality development of black locust propagation material and to complete the variety choice of
particular regions producing new black locust cultivars that can be grown effectively under
unfavourably changed ecological conditions. The following are the main selection step
processes: choice of black locust population containing trees of good phenotype; choice of plus
trees; seed collection from the plus trees; seedling production, establishing a collection with the
progenies of the plus trees; organizing a collection of seedlings selected from the progenies;
clonal selection from the seedlings’ collection by tissue culture (micropropagation) method;
initiating clone trials for selecting the best clones. The programme has improved 15 new black
locust clones (Rédei 2013). As mentioned above, five of these clones have recently been
designated as candidate cultivars.

The following segment presents the botanical description of R. p. ‘Homoki’, R. p. ‘Bacska’,
R. p. “Vacsi’ and R. p. ‘Oszlopos’ (R. p. ‘Szalas’ is not subject of this paper).

2.1 Bacska (Robinia pseudoacacia *Bacska’)

The breeding label for Bacska is KH 56A 2/5, which indicates the origin of the clone (KH
means Kéleshalom). Bacska has medium density foliage, with 11-17 leaflets per leaf stalk. In
most cases the leaflet is orderly elliptical possibly inversely egg-shaped, of which the tip is
rounded or indented without any splinter. The length of spines ranges from 6 to 12 mm. The
base is small, possibly medium-sized, and evenly acuminate toward its point. The shoot is
ribbed and uniformly salad-green. It develops many, relatively short shoots (not determining
features, these depend mostly on the environment). The rod of ‘Bacska’ is strongly ribbed and
spines, which subtend 90° with the rod, cover its full length. These decrease evenly in size
toward the apical part. Generally, 21 to 24 nodes are situated along the length of the 50 cm part
of shoot. The bark is smooth and steel-grey in colour. The flower is white. The flowering-axis
is green with medium-length. The flower cluster is loose; a cluster consists of 23-31 pieces of
flowers. The calyx is green with brown pigmentation, but green-toned determinatively. After
flowering, the colour changes to brownish-red. Bacska’s flowering intensity was average at
Kecskemét-Méheslapos in 2006 and in 2007. Its flowering began three days later than and
lasted two days longer than the common black locust at G6do116 (Osvath-Bujtas — Rédei 2007).
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2.2 Homoki (Robinia pseudoacacia ‘Homoki’)

The breeding label for this cultivar is MB 17D %4, which indicates the origin of the clone (MB
means Mikebuda). ‘Homoki’ makes a dense foliage impression. The compound, which consists
of 13-19 leaflets, is of an average length. Mid-positioned leaves are the largest ones. The leaflet
is drawn; sometimes it is orderly elliptical-shaped of which the form factor is 3-3.5. The tip of
the leaflet is mildly indented and lacks splinter. The spines are small, bodkin-like, and 5-8 mm
in length. ‘Homoki’ black locust shoots are reddish, greenish-brown and are typically ribbed.
Rods are strongly ribbed with a medium number of nodums (15-21). Tiny spines subtend at an
acute angle (approx. 30°) with the rod. The bark is greyish- -brown, with lenticels of scattered
position emerging from the surface. Often longitudinal brown stripes can be seen on sapling
bark. The flowering-axis is dull green with purple discoloration. The petals are white with mild
greenish-yellow colour in the middle of the vexil. ‘Homoki’ began flowering at average time at
Kecskemét-Méheslapos in 2006 but lasted 2-4 days longer than the common black locust at
G06dollo. Its flowering was abundant in 2006 and in 2007 (Osvath-Bujtas — Rédei 2007).

2.3 Vacsi (Robinia pseudoacacia *Vacsi’)

This clone is labelled as PV 201E2/1, which indicates the origin (PV means Pusztavacs).
“Vacsi’ develops olive-green, relatively sparse foliage after leafing. On average, there are 15-
21 leaflets per leaf stalk. With the exception of the lowest leaflets, the mostly egg-shaped
leaflets are identical in size. The form factor is 2.5-3. The leaf tips are rounded or indented and
are ordered in an opposite leaf arrangement. Spines are mouse ear-like and small. Shoots are
green, greenish-brown, and ribbed only on 5-15 cm of length on the youngest segments. The
next part of shoot is cylindrical. The rod is covered by medium strong ribs, with an average
number of nodums (19-21). Tiny spines are situated only on the lower part of the shoot. The
bark of ‘Vacsi’ black locust is dark grey with scattered lenticels. It has white flowers and the
flowering-axis is green. The calyx is light green and occasionally displays pink pigment; the
petals are white with an olive-green spot. Flowering intensity was average at Kecskemét-
Méheslapos in 2006 and was weak-medium in 2007 (Osvath-Bujtas — Rédei 2007).

2.4 Oszlopos (Robinia pseudoacacia *Oszlopos’)

The breeding label for this clone is PV 233A/1. It develops medium green rich foliage after
vernal leafing. The compound leaf consists of 15-19 leaflets. The leaflet is elongated elliptical
(its form factor is 3-3.5) with an acuminate tip, sometimes with splinter. The leaf base of leaflets
is wedge-shaped. The 1-3 mm-long spines are situated on the underside of the rod. Their shape
is uncharacteristic and nondescript. Shoots are light green, ribbed along 15-20 cm of length,
while the other part of the shoot is cylindrical. Medium strong ribs, with many (27-30) nodums
and little spines, cover the rods. Spines do not or hardly develop on the apical — longer — part
of the rod and occur only along the lower 15-20 cm. The bark is greenish-grey with scattered
lenticels. Flowering intensity was average at Kecskemét-Méheslapos in 2006 and in 2007. The
same applies to flower quantity (Osvath-Bujtas — Rédei 2007).

2.5 Experiences of clone trials

The Hungarian Forest Research Institute has three clone trials (Helvécia, Kecskemét and
Hajduhadhaz) where ‘Bécska’ and ‘Homoki’ candidate cultivars proved to be the best (Rédei
et al. 2013a, 2013b).
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3 MATERIALS AND METHODS

3.1 Site and stand parameters

Data used in this study emanated from black locust clone trials established in the forest
subcompartment Helvécia 22 E (two experimental plots) in Danube-Tisza Interfluve,
“Homokhatsag” (sandy ridge) region (Figure 1). In the past three decades, the mean annual
precipitation at the site was 574 mm while the mean annual temperature was 11.4 °C (Tolgyesi
et al. 2016). The FOA has recognized this region as an increasingly arid zone in its long-term
forecast. The most pessimistic assessments predict the risk of desertification (UNCCD 2006).

The experimental plots are located in a forest-steppe climate. The soil is slightly humous,
sandy, and free-draining (according to the Hungarian forest site classification by Jaro, 1972).
The black locust stands at the site ranged from 6 to 15 years.

In experimental plot 1, we compared ‘Vacsi’, ‘Homoki’ candidate cultivars and the
common black locust (control). The examined trees were 15 years old at the time (January
2021) of the full inventory (Laar — Akca 2007).

In experimental plot 2, ‘Jaszkiséri’ cultivar and ‘Bécska’ and ‘Oszlopos’ candidate
cultivars were compared. These were 14-year-old trees.

In the experimental plots, 30 stems/clone were examined.
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Figure 1. Location of the research site (Helvécia)

The location (forest subcompartment) and the most important dendrometric characteristics,
including age, mean height (H), mean diameter at breast height (DBH), mean tree volume (v)
and stem form value (SFV), extended by data from previous full inventories (6-year-old and 7-
year-old trees) are compiled in Table 1. The stem volume was calculated using the following
volume function based on the volume table for black locust (Sopp — Kolozs 2013):

v = 108> ht-(h/[h-1.3])%(-0.6326-d-h + 20.23-d + 3034), (1)

where v is stem volume (m®), d is diameter at breast height (cm), h is tree height (m). The mean
tree volume (v, m3/tree) was calculated using the means of stem volume for each of the
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experimental plots. The following classifications were used for the evaluation of stem form
value (SFV): 1 — stem form is straight, 2 — more or less straight, 3 — crooked, 4 — very crooked.

Table 1. Parameters of black locust candidate cultivars, ‘Jaszkiséri’ cultivar, and common
black locust (control) at 6-15 years old

Experimental Age Hm DBH v

Clones plot on m em @) 5PV
Homoki 1 7 8.7 6.2 0.0227 1.78
Vacsi 1 7 7.8 5.3 0.0147 1.36
Common black locust 1 7 6.36 3.86 0.0081 2.45
Homoki 1 15 105 9.8 0.0626 2.32
Vacsi 1 15 9.0 7.7 0.0327 1.66
Common black locust 1 15 9.77 7.56 0.0343 2.37
Béacska 2 6 7.1 6.3 0.0131 1.74
Oszlopos 2 6 3.9 3.5 0.0034 2.23
Jaszkiséri 2 6 6.28 5.81 0.0105 1.68
Bécska 2 14 114 11.2 0.0790 2.50
Oszlopos 2 14 6.7 7.6 0.0312 2.32

Jaszkiséri 2 14 11.66 9.85 0.0616 1.96
Note: PV 233 A/1 (‘Oszlopos’) candidate cultivars are situated on the poorest spot of the site

3.2 Statistical analysis

Microsoft Excel 2016 and IBM SPSS Statistics 25 software packages were used for the
statistical analysis of experimental results. Candidate cultivars were compared using one-way
ANOVA and Fisher’s least significance difference (LSD) test (p<0.05).

4 RESULTS AND DISCUSSION

Figure 2 presents the distribution of the candidate cultivars in the site index curves of the black
locust yield table. As the figure shows, at 6 and 7 years old, the candidate cultivars (except
’Oszlopos’ — PV 233A/1) belong to yield class I to 111, and to yield class 1V to VI at 14 and 15
years old.

30
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15 Yield class VI
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Figure 2. 6-15-year-old black locust candidate cultivars in the site index curves of black
locust yield table (based on Rédei 1984)
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In this study, significant (p<0.05) differences were observed between the examined
candidate cultivars. More specifically, 15-year-old ‘Homoki’ outperformed the common black
locust in diameter and mean tree volume; ‘Vacsi’ outperformed in stem quality (Table 2). The
14-year-old ‘Bacska’ cultivar candidate was compared with the ‘Jaszkiséri’ cultivar and
‘Oszlopos’ cultivar candidate where ‘Béacska’ proved to be significantly better in diameter and
mean tree volume, but weaker in stem quality than ‘Jaszkiséri’ (Table 3).

Table 2. The result of one-way ANOVA (Helvécia 22 E/1)

95% Confidence
Interval
Mean Lower Upper
Clone Difference Std. Error Sig. Bound Bound
Control Homo!<i -2.2785" 0.5463 0.000 -3.3611 -1.1959
Vacsi -0.1372 0.5037 0.786  -1.1353 0.8609
DBH Homoki Control 2.2785i 0.5463 0.000 1.1959 3.3611
(cm) Vacsi 2.1413 0.4848 0.000 1.1806 3.1021
Vacsi Control 0.1372* 0.5037 0.786  -0.8609 1.1353
Homoki -2.1413 0.4848 0.000 -3.1021 -1.1806
Based on observed means.
The error term is Mean Square (Error) = 4.757
Control Homo!<i -0.7480 0.4746 0.118 -1.6886 0.1925
Vacsi 0.7267 0.4376 0.100  -0.1404 1.5938
Height Homoki Control 0.7480* 0.4746 0.118  -0.1925 1.6886
(m) Vacsi 1.4747 0.4212 0.001 0.6401 2.3093
. Control -0.7267 0.4376 0.100  -1.5938 0.1404
Vel omoki -1.4747" 04212 0001 -2.3093  -0.6401
Based on observed means.
The error term is Mean Square(Error) = 3.590
Homoki -0.0282" 0.0066 0.000 -0.0413 -0.0151
vean 0T vacsi 0.0017 0.0061 0785 -0.0104  0.0137
tree Homoki Control 0.0282: 0.0066 0.000 0.0151 0.0413
volume Vacsi 0.0299 0.0059 0.000 0.0183 0.0415
(m°) . Control  -0.0017 0.0061  0.785  -0.0137 0.0104
Vaesl  fomoki  -0.0299" 0.0059  0.000 -0.0415  -0.0183
Based on observed means.
The error term is Mean Square(Error) = 0.001
Control Homo!<i 0.0431* 0.1419 0.762  -0.2381 0.3243
Vacsi 0.7067 0.1308 0.000 0.4474 0.9659
Stem _ Control  -0.0431 0.1419  0.762  -0.3243 0.2381
form Homoki . -
value Vacsi 0.6635* 0.1259 0.000 0.4140 0.9131
. Control -0.7067 0.1308 0.000  -0.9659 -0.4474
Vel omoki -0.6635" 01259 0000 -09131  -0.4140

Based on observed means.

The error term is Mean Square(Error) = 0.321

*. The mean difference is significant at the 0.05 level
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Table 3. The result of one-way ANOVA (Helvécia 22 E/2)

95% Confidence
Interval
Mean Lower Upper
Clone Difference Std. Error Sig. Bound Bound
, Jaszkiséri  1.3181* 0.5360 0.015  0.2567 2.3795
Bicska  5o10p0s 35695+ 0.5581 0000 24642  4.6747
DBH . ... Bacska -13181* 0.5360 0015 -2.3795  -0.2567
(cm) Oszlopos  2.2514* 0.5360 0.000 11900  3.3127
Bacska  -3.5695* 0.5581 0.000 -4.6747  -2.4642
Oszlopos . kiseri -2.2514* 0.5360 0.000 -3.3127  -1.1900
Based on observed means.
The error term is Mean Square(Error) = 5.919
, Jaszkiséri  -0.2203 0.3351 0512 -0.8839 0.4433
Bicska o 1opos  4.7763* 0.3489 0.000  4.0853 5.4673
Height . .. .. Bicska  0.2203 0.3351 0512 -0.4433 0.8839
(m) Oszlopos ~ 4.9966* 0.3351 0.000  4.3331 5.6602
Bacska  -4.7763* 0.3489 0.000 -5.4673  -4.0853
Oszlopos (. viséri  -4.9966* 03351 0000 -56602  -4.3331
Based on observed means.
The error term is Mean Square(Error) = 2.313
ey JAszkiséri 0.0174* 0.0073 0.018 0.0030  0.0317
Mean Oszlopos  0.0479* 0.0076 0.000  0.0329 0.0628
tee . ... Bicska -0.0174% 0.0073 0.018 -0.0317  -0.0030
volume Oszlopos  0.0305* 0.0073 0.000  0.0161 0.0448
(m°) Bacska  -0.0479* 0.0076 0.000 -0.0628  -0.0329
Oszlopos . xiseri -0.0305* 0.0073 0.000 -0.0448  -0.0161
Based on observed means.
The error term is Mean Square(Error) = 0.001
N Jaszkiséri  0.5444* 0.1210 0.000  0.3047 0.7842
K2 Ozlopos  0.1842 01260  0.147 -00654  0.4338
f;fm Liokiss Blcska  -0.5444* 0.1210 0.000 -0.7842  -0.3047
value Oszlopos  -0.3602* 0.1210 0.004 -0.5999  -0.1205
Oszlopos Bacska  -0.1842 0.1260 0.147 -0.4338  0.0654
Jaszkiséri  0.3602% 0.1210 0.004 01205  0.5999

Based on observed means.

The error term is Mean Square(Error) = 0.302

*, The mean difference is significant at the 0.05 level

5 CONCLUSIONS
This study compared black locust candidate cultivars with common black locust and

‘Jaszkiséri’ cultivars. After the evaluation of statistical analysis (one-way ANOVA) of
experimental results, the present study found significant differences (p<0.05) between the
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candidate cultivars and common black locust or ‘Jaszkiséri’ locust. More specifically, 15-year-
old ‘Homoki’ and 14-year-old ‘Bacska’ proved to be the best in diameter at breast height (9.8
cm and 11.2 cm) and mean tree volume (0.0626 m® and 0.0790 m3).

The evaluation of the experiment addresses the important fact of whether it is worthwhile
to grow selected black locust cultivars and candidate cultivars on marginal sites. Detailed
economic studies are needed to determine this, especially with regard to the expected added
value (stem quality) of the candidate cultivars.

The Hungarian Forest Research Institute and the South Korean National Institute of Forest
Science have been cooperating on the improvement of black locust cultivation in Hungary and
South Korea for over ten years. The South Korean National Institute of Forest Science fully
supports the project. Candidate cultivars evaluated in this manuscript are also available in South
Korea and have been experimentally vegetative propagated and placed in variety comparison
trials in recent years. The focus of our study was to investigate the growth relationships of the
candidate cultivars on marginal sites, as the potential for future black locust propagation in such
sites is under primary consideration in South Korea.

The systematic evaluation of the cultivation experiments and the selection of black locust
clones and candidate cultivars to be proposed for public cultivation should be further extended
to the following main fields:

e Detter definition of their site (ecological) requirements;

e development of a large-scale, profitable technology for their vegetative propagation

(from root cuttings);

o further data collection and evaluation of the cultivation technological factors (planting

spacing, mixing, cutting age, etc.) which are not yet sufficiently understood;

e extension of productivity (yield) studies, development of new yield models for groups

of candidate cultivars;

e continued monitoring and evaluation of the resistance of candidate cultivars to biotic

and abiotic pests;

e more consistent use of landscape ecology in species selection.
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