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Abstract
FERUS, P., HOTKA, P., KONOPKOVA, J., 2017. Drought and frost tolerance in rhododendron collection of the
Mlynany Arboretum (Slovakia): a screening for future climate. Folia Oecologica, 44: 87-95.

Rhododendrons are jewels of the Mlynany Arboretum, Institute of Forest Ecology of the Slovak Academy of
Sciences (IFE SAS). Blossoming in May, they attract thousands of visitors. But recently these woody plants
have much suffered from climatic extremes such as summer droughts and winter frosts, associated with the
advancing climate change. To assess the rhododendron collection’s stability, its drought and frost injury level
were tested in field, in summer 2015 and winter 2017, respectively. The tested parameters were: leaf wilting
and electrolyte leakage combined with shrub leaf area, insolation level and overall health state. We found that
the drought effect was strong or very strong in only ca. 30% rhododendron species and ca. 10% rhododendron
cultivars, and that around 60% shrubs showed no or only moderate symptoms of water deficit. The drought
injury level was only associated with the genotype. The most tolerant / sensitive genotypes, commonly oc-
curring in the park, were: R. catawbiense, R. ponticum, R. smirnowii, cv. ‘Boursault’, cv. "Cunningham’s
White” and cv. "Purpureum Elegans’ / R. fortunei and cv. "Tamarindos’. On the other hand, the most frequent
response to frost in the observed rhododendron genotypes was moderate injury (28 and 37% for species and
cultivars, respectively), nevertheless more than 18% species and almost 6% cultivars exhibited strong frost
damage. Despite absence of significant differences in the factor-response between the species, we may sug-
gest this decreasing sequence of the genotypes ordered according to their frost resistance: genotypes: cv.
"Cunningham’s White” > R. decorum > R. fortunei and cv. 'Duke of York™ > R. smirnowii > cvs. "Purpureum
Elegans’and "Tamarindos” > R. macrophyllum and cv. "Nova Zembla’ > R. catawbiense > R. ponticum. These
results have been compared with similar works in thododendron species/cultivars as well as suggested spe-
cies drought/frost tolerance derived from climatic conditions in the area of their natural distribution.
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moisture-retentive soils, temperate climate with rain
and mist during the growing season (Cox, 1985). Rho-

Rhododendrons (Rhododendron sp.) represent a group
of delightful plants beautifying numerous gardens,
parks and arboretums (REILEY, 2004). In the virtual ar-
boretum of Hirsutum.info, there are listed 1,279 rho-
dodendron species and almost 14,600 cultivars. Both
species and cultivars have similar natural requirements:
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dodendrons grow best in the shelter of a woodland set-
ting; protecting them from sun’s hottest rays, drought
and severe cold (NELSON, 2000).

The fifth assessment report of the International
Panel on Climate Change (PACHAURI and MEYER, 2015)
states more precisely negative consequences of climate
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change on the global level, among them surface temper-
ature growth, alternations in precipitation distribution
and increasing frequency of extreme events occurrence.
The application of the recent climate change models for
Slovakia has revealed a dramatic increase in the aver-
age monthly air temperatures and — except of summer
months — also precipitation sums extrapolated up to
year 2075 (MELo, 2003). The environmental study on
the climate change consequences in the Nitra region
(SEMBERA et al., 2015) refers to droughts and floods
as the most negative climate change impacts in the
Pozitavie-Siro¢ina micro-region in which the Mlyiiany
Arboretum IFE SAS is situated. Despite the global
warming, the frequency of low temperature extremes
(below —15 °C) in the course of last 35 years stayed on
the 4-5 years period but the cold episodes moved from
December—January to January—February. Moreover,
there occur much more late (vegetation) frosts.

According to KerLry (1994), drought and cold
winter represent the second and fifth top causes of rho-
dodendron death. Prolonged drought markedly affects
look of these shrubs by leaf wilting, colour defects
and precocious fall-off, lower vegetative growth, phe-
nological anomalies, and in extreme cases by branch/
plant die-back (CAmERON et al., 2008; AUGE et al.,
2003). However, in case of soil water deficit after inflo-
rescence initiation, rhododendrons flower sooner with
richer inflorescence (SHARP et al., 2009). Late frosts
can impair flower development. When undeveloped,
the flower buds turn brown and drop off (ANTONELLI et
al., 2006). Winter frosts usually work through leaf des-
iccation and photo-oxidative damage (NEUNER et al.,
1999), as well as through direct disintegration of cell
membranes by ice-crystals, causing cell solute elution
(LARCHER, 2003).

Just a few studies testing evergreen woody plants
suitability for Middle-European climate have been
conducted. Recently, a small survey on rhododendron
growth and flowering parameters in frost- or drought-
prone environment, giving an indirect view of their tol-
erance to these abiotic constraints, have been published
(LUKACIK et al., 2011). Another work dealing with
winter hardiness of Mediterranean ornamental woody
plants comes from the last year (ALKURDI and SUPUKA,
2016).

Thus, because of the expected rise in frequency of
the above-mentioned extreme events, based on screen-
ing of wilting and electrolyte leakage level, we studied
drought and frost tolerance of the whole rhododendron
collection in the Mlynany Arboretum IFE SAS, which
represent one of the top attractions for visitors in late
spring. Based on the obtained results, we have proposed
recommendations for our park management as well as
for horticultural practice.

Material and methods
Rhododendron test collection

The rhododendron collection in the Mlynany Arbore-
tum IFE SAS, comprising 18 botanical species and 15
cultivars (Table 1), was subjected to analysis of sum-
mer-drought-driven injury just before the start of irriga-
tion. Then three individuals of rhododendron species/
cultivars commonly growing in different locations/light
conditions of the arboretum and one shrub from those
less frequently (in one location) grown, were analyzed
for winter frost tolerance. Health state of all screened
shrubs was recorded, too.

Table 1. Rhododendron species and cultivars in the Mlynany Arboretum IFE SAS analyzed for drought stress level

Species Number Cultivar Number
R. augustinii 2 R. catawbiense "Album’ 2
R. catawbiense 4 R. x "Anushka’ 1
R. caucasicum 1 R. x 'Balalaica’ 2
R. dauricum 3 R. x "Boursault’ 4
R. decorum 8 R. x "Cunningham’s White’ 19
R. fargesii 2 R. x 'Darius’ 1
R. fortunei 16 R. x '‘Dreamland” 2
R. keiskei 2 R. x 'Duke of York” 4
R. macrophyllum 7 R. catawbiense 'Grandiflorum’ 1
R. makinoi 1 R. x "Marlis’ 1
R. maximum 2 R. x "Nova Zembla“ 4
R. micranthum 1 R. x "Polaris’ 2
R. orbiculare 1 R. catawbiense 'Purpureum Elegans’ 11
R. oreodoxa 2 R. x "Sneezy’ 1
R. palustre 1 R. x "Tamarindos’ 5
R. ponticum 6
R. smirnowii 7
R. yunnanense 1
Total 67 Total 60
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Drought damage

Drought-impact was assessed on July 6, 2015, after 26
days without substantial precipitation (Fig. 1A), when
visual effect of water shortage was apparent. The leaf
wilting degree in the rhododendron individuals was ex-
pressed through the following scale: 0 — no wilting, 1
—moderate wilting, 2 — medium wilting, 3 — strong wilt-
ing, 4 — very strong wilting. Thereafter, shrub leaf area
(SA) was estimated according to SPANN and HEEREMA
(2010), using the formula:
SA=AxT xS (m?,

where A is the average individual leaf area calculated
as an ideal ellipse (m?), T is leaf number per a twig, and
S is twig number per a shrub.
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Fig. 1. Maximal daily temperature and precipitation in
June 2015 (A) and daily temperature minimum in January
2017 (B) for the Mlynany Arboretum IFE SAS, periods just
before rhododendron drought and frost susceptibility testing,
respectively.

Simultaneously, shrub exposition to sunlight, ac-
cording to the daily course of light energy input, was
defined:

EXP,=SUM (E x L),
where EXP is total daily summer exposition, E is en-
ergy input coefficient for a compass point n, and L is
exposition level for a compass point n (full light — 1,
shade — 0.2). Energy input coefficients for respective
compass points are: East — 1, East-South-East — 1.75,

South-East — 2.45, South-South-East — 2.75, South —
3, South-South-West — 2.75, South-West — 2.45, West-
South-West — 1.75, West — 1.

Frost damage

Rhododendron shrub injury caused by frost was inves-
tigated in winter 2016/17, just after 2 weeks lasting pe-
riod of minimal air temperatures oscillating around —15
°C (Fig. 1B). In February 2017, on the first day with
above-zero morning temperature, leaves from exposed
parts of the shrubs were collected, dried on surface and
submerged into 50 ml distilled water and incubated for
24 h at the lab temperature. Then, the leaves were fro-
zen in liquid nitrogen and placed into the same capped
glass for a next 24 h incubation at the lab temperature.
After both incubations, leaf leachate conductivity was
measured using a portable pH/conductometer Jenway
Enterprise 430 (Jenway, UK). The injury caused by
frost (FI) was determined following this calculation
proposed by LiM et al. (1998):
FI=C,x100/C (%),

where C is leaf leachate conductivity (1S cm™) of
fresh leaves () and leaves frozen in liquid nitrogen ().

Thereafter, all of the shrubs were ranked into fol-
lowing frost injury level categories: 1 — weak injury (FI
<10), 2 —moderate (10 <FI < 15), 3 — medium (15 <FI
<20), 4 —strong (20 <FI <25) and 5 — very strong (FI1 >
25). Data on frost injury were related to the leaf insola-
tion level, which was approximated using the formula:

EXP,,=SUM (E, x L),

where EXP_ is the total daily winter exposition, E is
energy input coefficient for the compass point n, L is
exposition level for the compass point n (full light — 1,
shade — 0.2). The energy input coefficients for respec-
tive compass points are: South-East — 1, South-South-
East — 2.15, South — 2.85, South-South-West — 2.15,
South-West — 1.

Health state

Parallel to the above described analyses, a screening of
rhododendron health state using a description scale pro-
posed by JuHASOVA and SERBINOVA (1997) was carried
out. Four health state categories were distinguished in
the rhododendron shrubs: 0 — shrubs are healthy, with-
out any symptoms, 1 — damage sparsely occurring in
shrubs (weak injury), 2 — presence of pathogens caus-
ing partial crown thinning and small cavitation with-
out effect on shrub stability (moderate injury), 3 — one
third of crown died, with major cavitation formed in the
trunk, individual is suitable for further cultivation after
treatment (medium injury). A detailed analysis of the
health state of the Mlynany Arboretum IFE SAS rho-
dodendron collection has been published by FErus et
al. (2016).
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Statistical analysis

The drought and frost injury level data from the most
frequently cultivated rhododendron species/cultivars in
Mlynany Arboretum IFE SAS were submitted to multi-
variate analysis of variance (shrub leaf area, insolation
level, health state) for identification of the determining
factors as well as drought and frost tolerance groups
(R software v. 3.4.1). After analysis of data distribution
(not normal — Poisson and Quasipoisson, respectively),
wilting and frost injury level dependence on factors or
their interactions were determined. Thereafter, princi-
pal factors defining plant responses to drought and frost
were identified. Then clustering procedure revealed the
optimal number of groups with species/cultivar distri-
bution.

Results
Drought damage

Almost four weeks without substantial rainfall in the
Mlynany Arboretum IFE SAS affected almost 70% rho-
dodendron species and cultivars (Fig. 2A). More than
28% species showed moderate and almost 24% strong
leaf wilting and around 15% shrubs exhibited medium
and 3% very strong wilting. In cultivars, a decreasing
trend in shrub number (from 35 to 0%) with growing
drought injury level was observed.

Analysis of most abundant rhododendron species
(Fig. 2B) revealed moderate wilting in R. decorum and
R. smirnowii, strong one in R. fortunei, and no wilting
in R. ponticum as the most frequent responses. R. ca-
tawbiense showed a balanced number of shrubs in the
first two categories (no wilting and moderate wilting)
and R. macrophyllum from no to strong wilting.

On the other hand, leaves of cv. "Cunningham’s
White” usually did not wilt (Fig. 2C), and in cv. "Purpu-
reum Elegans” the largest number of individuals shared
the first two drought injury categories. Cultivar "Duke
of York” was dominated by moderate leaf wilting,
"Nova Zembla” by medium wilting, and in cvs. ‘Bour-
sault” and "Tamarindos” we found only moderate and
strong wilting, respectively.

From the rest of rhododendron genotypes in the
Mlynany Arboretum IFE SAS, the no wilting (category
0) was mainly observed in R. palustre, R. micranthum
and cv. ‘Marlis’; moderate wilting (category 1) in R.
augustinii, R. caucasicum, R. oreodoxa, R. yunnanense,
cv. "Anushka’, cv. ‘Darius” and cv. "Sneezy’; medium
wilting (category 2) in R. fargesii, R. makinoi, R. maxi-
mum, cv. "Album’, cv. "Balalaica’, cv. "‘Dreamland” and
cv. ‘Polaris’; and strong wilting (category 3) in R. dau-
ricum, R. keiskei, R. orbiculare and cv. "Grandiflorum”.

The statistical analysis revealed that the only factor
responsible for the rhododendron response to drought
was the genotype (Table 2, P-value 0.0043), which
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explained 54% variability. Neither shrub leaf area, in-
solation level and health state, nor their interactions
showed any effect on this response. Three groups of
genotypes with different drought tolerance were distin-
guished (Fig. 3): 1. tolerant one comprising R. cataw-
biense, R. ponticum, R. smirnowii and cv. 'Boursault’,
"Cunningham’s White” and cv. "Purpureum Elegans’,
2. intermediate one with R. decorum, R. macrophyllum,
and cv. 'Duke of York” and cv. "Nova Zembla’, and 3.
sensitive group where R. fortunei and cv. "Tamarindos’
belonged.
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Fig. 2. Drought injury levels in complete rhododendron
species and cultivar collections of the Mlynany Arboretum
IFE SAS (A), and its detailed analysis in the most frequent

species (B) and cultivars (C), respectively.



Table 2. Statistical relevance of analysed factors in rhododendron drought and frost response

Factor Df Deviance resid. Df Resid. dev. P-value
Drought damage
NULL 94 54.832
Genotype 11 27.1856 83 27.647 0.0043**
Shrub leaf area 1 0.2053 82 27.441 0.6505
Insolation level 1 1.8900 81 25.551 0.1692
Health state 1 0.0104 80 25.541 0.9189
Frost damage
NULL 45 102.775
Genotype 14 39.731 31 63.044 0.1395
Insolation level 1 3.461 30 59.583 0.1901
Health state 1 0.168 29 59.416 0.7730

**statistical significance.

TAM
FOR o
MAC L 2

NOV L 4

DUK L 4

DEC - L 2

SMI  — L 2

BOU -
PUR - *
PON

CAT —

CUN - L
I T T 1

1 2
Mean drought injury level

TAM, cv. "Tamarindos’; FOR, R. fortunei; MAC, R. macro-
phyllum; NOV, cv. "Nova Zembla’; DUK, cv. "Duke of York’,
DEC, R. decorum; SMI, R. smirnowii; BOU, cv. "‘Boursault’;
PUR, cv. "Purpureum Elegans’, PON, R. ponticum; CAT, R.
catawbiense; CUN, cv. "Cunningham’s White".

Fig. 3. Drought tolerance-based clustering of rhododendron
species/cultivars in the Mlynany Arboretum IFE SAS. Points
and lines represent mean wilting level category + SD.

Frost damage

Evaluating the percentage of leachate released just after
frost period termination (Fig. 4A), we found that most
of rhododendron species and cultivars were moderately
injured (28.1 and 37.1%, respectively). Then, about
20% shrubs exhibited weak, medium and very strong
frost injury among species. The strong one was identi-
fied only in 12.5% individuals. In the cultivars, the sec-
ond largest portion of plants (31.4%) showed medium
frost injury, around 17% plants weak one and less than
10% strong and very strong frost damage.

As presented in Fig. 4B, R. decorum showed pre-
dominantly weak frost damage, R. macrophyllum me-
dium one and R. ponticum very strong frost injury. The
rest three rhododendron species exhibited larger re-
sponse variability: in R. fortunei and R. smirnowii dis-
played around moderate and in R. catawbiense around
medium frost injury.

The most frequently planted rhododendron cul-
tivars in the Mlynany Arboretum were generally
less sensitive to the winter frost (Fig. 4C). The cv.
"Cunningham’s White” showed only weak injury, cv.
"Purpureum Elegans” and cv. "Tamarindos” mostly
moderate eone, and cv. "Nova Zembla“ predominantly
medium frost injury. The response of cv. 'Duke of
York” varied around moderate damage.

From the other rhododendron genotypes present in
the Mlynany Arboretum IFE SAS, FI category 1 was
most frequently found in R. augustinii, R. yunnanense,
cv. "Album’” and cv. ‘Darius’; category 2 in R. dauri-
cum, R. makinoi, R. micranthum, R. orbiculrare and cv.
‘Balalaica’; category 3 in R. caucasicum, R. oreodoxa,
cv. ‘Boursault’, cv. "Schneewolke” and cv. "Sneezy’;
category 4 in R. fargesii, R. keiskei, R. maximum, cv.
"Anushka’, cv. ‘Dreamland” and cv. "Love Song”; and
category 5 in R. palustre, cv. "Marlis” and cv. "Polaris’.

Despite the statistical analysis did not allow us ei-
ther to identify any from considered factors as a decisive
one for the rhododendron frost injury level (Table 2) or
to specify response groups, suggestions about the rho-
dodendron frost tolerance could be: cv. "Cunningham’s
White” > R. decorum > R. fortunei and cv. ‘Duke of
York” > R. smirnowii > cvs. 'Purpureum Elegans” and
"Tamarindos” > R. macrophyllum and cv. 'Nova Zem-
bla” > R. catawbiense > R. ponticum.
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Fig. 4. Frequency of respective frost injury levels in the
Mlynany Arboretum IFE SAS rhododendron species and
cultivar (A) with focus on the mostly present species (B) and
cultivars (C), respectively.

Discussion

Rhododendron species originating in different parts of
the world and rhododendron cultivars with unknown
genetic background cultivated in botanical gardens/ar-
boretums can often suffer from local climatic extremes
such as drought and/or frost, accelerated by continu-
ing climate change. June 2015 and January 2017 in
Mlynany Arboretum IFE SAS — compared to the cli-
matic normal 1971-2000 — can be ranked as very dry
and extremely cold episodes, respectively (S1$ka et al.,
2005).
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Our survey revealed a wide range of response to
drought stress in the rhododendron collection in the
Mlynany Arboretum IFE SAS. Neither the total shrub
leaf area nor insolation level as well as health state
played a role in the final response of a rhododendron
shrub. The only factor defining the response to severe
drought was the genotype. The most tolerant species
were R. catawbiense, R. ponticum, R. smirnowii, cv.
‘Boursault’, "Cunningham’s White” and "Purpureum
Elegans” (Fig. 5). As the least tolerant R. fortunei and
cv. 'Tamarindos” were indicated.

A Chinese research on drought tolerance of 6 rho-
dodendron species showed that R. fortunei can stand
much larger soil water deficit than R. decorum (ZHANG
et al., 2002). Thereafter, CORDERO and NILSEN (2002)
observed a fifty percent loss of stem hydraulic conduc-
tivity in R. catawbiense, R. maximum and R. macro-
phyllum at leaf water potential —1.75, —2.42 and —2.96
MPa, respectively. However, we found just an opposite
order. Due to the high aesthetic value and probably also
relatively high drought sensitivity, R. fortunei recently
became a model plant species for physiological studies
— water regime, photosynthesis and antioxidant system
(e.g. KE, 2007; KE and YANG, 2007a; KE and YANG, 2007D).

Although we observed no statistical difference in
the rhododendron frost tolerance as a result of genotype,
insolation level and health state, susceptibility to low
temperatures could be suggested. The lowest frost inju-
ry level was exhibited by leaves of cv. "Cunningham’s
White” and the highest one by those of R. ponticum
(Figure 4).

A study of CAPRAR et al. (2011) brought a com-
parison of frost tolerance in 27 Rhododendron species,
based on a 10-point scale evaluation. From those spe-
cies present in the Mlynany Arboretum IFE SAS, as
well, they recorded no damage in R. caucasicum, R. ca-
tawbiense and R. ponticum, only. In R. decorum partial
frost-caused dieback of older branches, in R. oreodoxa
above-ground part dieback, and in R. fortunei whole
plant dieback, were observed. CzZEKALSKI (1982), refer-
ring to negative consequences of extremely cold winter
in 1978/1979 in Poland, observed the least damage in
R. smirnowii and R. maximum, followed by R. cataw-
biense "Hybridum” and cv. 'Cunningham’s White’.
Similar to our research, the last author found the most
frost sensitive R. ponticum. According to CORDERO and
NILSEN (2002), R. catawbiense had the highest percent
loss of stem hydraulic conductivity and suffered from
the highest embolism in response to the freezing treat-
ment, compared to R. macrophyllum and R. maximum.
This finding is in accordance with our survey on frost
damage.

Behavioural questions in respect to freezing stress
have been widely studied particularly in R. cataw-
biense. For instance, ANISKO and LiNDSTROM (1996)
followed the seasonal changes in this species cold re-
sistance, as influenced by summer drought events, WEI
et al. (2006) focussed on gene expression for lipid per-



oxidation, membrane transport and lignin biosynthesis
under cold acclimation process, and PENG et al. (2008)
tested transgenic Arabidopsis plant overexpressing
RcDhn5 gene for cold acclimation-responsive dehydrin
from R. catawbiense.

Combining the data from our drought and frost
damage surveys, more groups of mostly present rho-
dodendron species/cultivars can be distinguished show-
ing: 1. extraordinary drought and frost tolerance (cv.
"Cunningham’s White"), 2. medium drought and frost
tolerance (cv. "Purpureum Elegans” and R. smirnowii),
3. lower drought and frost tolerance (cv. "Nova Zembla’
and R. macrophyllum), 4. high drought but low frost tol-
erance (R. catawbiense and R. ponticum), 5. medium
drought but high frost tolerance (R. decorum and cv.
"Duke of York"), 6. low drought but high frost tolerance
(R. fortunei) and 7. low drought and medium frost toler-
ance (cv. “Tamarindos’).

A long term study on recent rhododendron culti-
var performance in the environment with cold winters

(Borova hora Arboretum) or moderately dry summers
(Dudince Spa Resort) revealed average growth rates for
R. catawbiense 'Grandiflorum” and cv. "Nova Zembla’
and higher ones for R. catawbiense 'Album’ in the first
location but average values for both R. catawbiense
genotypes and higher elongation growth for cv. "Nova
Zembla’ in the latter one (LUKACIK et al., 2011), point-
ing on their cold and drought tolerance levels, respec-
tively.

However, following the precipitation in the driest
month and minimal temperature in the coldest month
(normal 1960-1990) for areas of natural distribution
of the studied botanical species (Table 3), we obtained
completely different and sometimes also opposite re-
sults. Because of a relatively small variability in these
climatic parameters among the species, we assume that
it could be a result of genetic variability in the areas of
natural distribution and horticultural selection process.

Table 3. Natural distribution of most frequent rhododendron species in the Mlynany Arboretum IFE SAS (KrUsSMANN, 1962)
with local climate characteristics (sources: Global Biodiversity Information Facility (GBIF) — doi:10.15468 and CZEKALSKI
(1998); WorldClim — Bioclim 6 and Bioclim 14). N — North, S — South, SW — South-West, Am — America, As — Asia, Eu —

Europe

Species Natural distribution

Min temperature of the
coldest month (°C)

Precipitation of the driest
month (mm)

R. catawbiense N Am — S Appalachian
China — Yunnan, Sichuan
China — Chekiang (1,000m)
N Am — Pacific coast
S Eu, SW As

Caucasus (1,500-2,500m)

R. decorum
R. fortunei

R. macrophyllum
R. ponticum
R. smirnowii

-49+1.5" 102 + 24
—-0.6+4.8 10+4
1.3+£23 35+11
0.8+33 10£10
-39+59 58 £31
-66+14 242

*average + SD.

From our results we can conclude that most of
rhododendron species and cultivars in the Mlynany Ar-
boretum IFE SAS collection were not or only slightly
affected by drought. Strong or very strong water deficit
was observed in almost 30% and 12% rhododendron
species and cultivars, respectively. Shrub drought in-
jury level was influenced only by the genotype. Among
the most frequent rhododendron genotypes, the most
drought-tolerant were R. catawbiense, R. ponticum, R.
smirnowii and cvs. ‘Boursault’, "Cunningham’s White”
and "Purpureum Elegans’. As the least tolerant R. fortu-
nei and cv. "Tamarindos” were indicated.

On the other hand, moderate injury dominated in
the rhododendron frost damage test (more than 28 and
37% for species and cultivars, respectively). Strong and
very strong frost injury were observed in 30% species
individuals and 15% cultivar individuals. Despite of no
statistical difference between their reactions concerning
all factors, we can order the most tolerant genotypes
as follows: cv. "Cunningham’s White” > R. decorum >

R. fortunei and cv. ‘Duke of York™ > R. smirnowii >
cvs. ‘Purpureum Elegans” and “Tamarindos” > R. mac-
rophyllum and cv. 'Nova Zembla” > R. catawbiense >
R. ponticum. The least drought and frost tolerant geno-
types should be replaced by new progressive cultivars.
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