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Abstract: Cut roses are grown throughout the four distinct seasons of spring, summer, autumn, and
winter in Korea. Especially in the very hot or cold seasons of summer or winter, the temperature and
light environments inside a greenhouse cause abiotic stress on the growth of horticultural crops. In a
greenhouse where shade cultivation is performed in summer, the temperature is high and the light
intensity is low, whereas in winter when shade cultivation is not performed, both temperature and
light intensity are low. This experiment investigated the year-round growth and yield changes of cut
roses grafted onto three rootstocks. The root activity of rootstocks was generally higher than that
of the scion. The stomata of the grafted cut roses showed morphological changes according to the
seasons. Compared with the scion, the stomata of grafted cut roses became smaller and their number
increased in summer, whereas only the stomata size increased in winter. The grafted cut roses had
characteristics of high photosynthetic efficiency such as photosynthesis rate, stomatal conductance,
transpiration rate from rootstocks under harsh environmental conditions including temperature and
light intensity, and thus the photosynthetic efficiency was higher than that of the scion. There was no
significant change in the yield of grafted cut roses, but flower quality parameters such as the stem
height, stem thickness, and weight of grafted cut roses were improved according to the rootstocks
compared with those of the scion. In particular, in cut roses grafted with R. multiflora cv. Natal Briar
and Rosa indica ‘Major’ rootstocks, the weight increased as the stem lengthened and thickened in
spring, autumn, and winter. Therefore, grafting is effective in improving the quality of cut roses
grown under abiotic stress caused by harsh temperature and light intensity conditions during winter.

Keywords: abiotic stress; photosynthesis; root activity; rootstock; scion; stomata

1. Introduction

Roses are one of the most widely produced cut flowers that are grown in a greenhouse
year-round, and are used as decorations and gifts on occasions such as graduations, en-
trance ceremonies, and coming-of-age ceremonies around the world [1–3]. Therefore, it is
necessary to maintain stable flower quality and yield of cut roses year-round. However, in
Korea, the highest temperature in summer is ≥35 ◦C, and the lowest temperature in winter
is ≤−5 ◦C. It is difficult to cultivate cut roses of uniform quality and yield year-round as
temperature and light intensity vary greatly due to the four seasons in Korea [4]. Therefore,
cut roses are grown in greenhouses where the temperature can be controlled to maintain a
suitable temperature in summer or winter. Nevertheless, it is difficult to optimally control
the greenhouse environment for growing horticultural crops. Therefore, in winter, the am-
bient light intensity and the temperature inside a greenhouse naturally decrease, whereas
in summer, the ambient light intensity is artificially lowered by shaded cultivation which
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protects the horticultural crops from high temperatures that cause abiotic stress [5]. As a
result, in the greenhouse during summer, the temperature can be lowered to some extent,
but the ambient light intensity is also lowered.

The temperature and light intensity in the greenhouse affect the photosynthetic ef-
ficiency [6] and growth [7,8] of cut roses. As a cut rose is a helophyte crop, the photo-
synthetic efficiency increases as the light intensity increases, and is best at a temperature
of 27–28 ◦C [9]. Additionally, roses are generally cultivated in a temperature range of
20–30 ◦C in the daytime and 18–20 ◦C at nighttime [10]. High temperatures in summer
induce abiotic stress, which reduces the photosynthetic efficiency and inhibits shoot growth
of horticultural crops [11–13]. However, the number of days from bud break to flowering
increases as temperature decreases from 30 to 15 ◦C [14]. Below 15 ◦C, cut roses can be
grown but the interval between flushes becomes longer, and when roses are exposed to a
low temperature of 4 ◦C for a cold period at 3–5 weeks, their bud growth is inhibited [8].
Additionally, even at an optimal temperature, low light intensity reduces the growth of cut
roses [15].

Every year, many cut rose varieties suitable for Korea’s environmental conditions are
bred [16–18]. However, cut roses that are newly bred varieties are not superior in all char-
acteristics such as stem length, stem diameter, stem weight, and flower size throughout the
four seasons. Additionally, since cut rose varieties are highly heterozygous for quality traits,
they must be propagated vegetatively by a scion grafted onto rootstock or rooted cutting to
maintain the desired traits [19]. Rooted cuttings are the simplest cultivation technique to
increase the desirable rose varieties. Grafting is used as a cultivation technique to increase
adaptability to negative environmental conditions such as high or low temperature and
low light intensity and to improve photosynthetic efficiency and growth [20,21]. It has
been reported that the rootstock affects the photo-assimilation ability of leaves, thereby
improving qualities such as the flower weight, stem length, and stem diameter of roses [22].
Grafting of melon improved the photosynthetic rate, stomatal conductance, concentration
of intercellular CO2, transpiration rate and carbohydrate metabolism of its leaves [23], and
it is reported that grafted plants have a higher CO2 assimilation rate and less stomatal
resistance than ungrafted or autologous grafted plants [24–27]. Not only does grafting
promote photosynthesis by regulating the stomata and non-stomata performance in leaves
under abiotic stress [28], but also the rootstock of the grafted plants affects the growth
and physiology of the scion [29]. Therefore, different types of rootstocks have different
effects on grafted plants in terms of size, fruit quality, and fruit yield [30,31]. The rootstocks
widely used for improving the quality and yield of cut roses in Korea are Rosa multiflora
cv. Natal Briar, which is native to South Africa, Rosa indica cv. ‘Major’ differentiated in
Israel, and Rosa multiflora cv. Hort. No. 1 selected in Korea. However, there is not enough
information on the effect of rootstocks on the quality and yield improvement of cut roses in
greenhouses where cut roses are grown in Korea.

Parameters related to the quality of cut roses include stem length, stem diameter, stem
weight, flower size, flower color, flower shape, and disease damage. In particular, the
length of the stem is an important factor in determining the quality of national agricultural
products in Korea [32].

Therefore, this study was conducted to investigate the effect of the type of rootstock
grafted on cut roses grown hydroponically in a greenhouse in Korea on photosynthetic
efficiency, morphological change, quality, and year-around yield.

2. Materials and Methods
2.1. Plant Materials and Grafting Procedure
2.1.1. Plant Material

R. hybrida cv. Pink Beauty (PB) was used as a scion in the experiment. The PB variety
is a standard-type cut rose, and has the disadvantage of a short stem length. R. multiflora cv.
Hort. No.1 (N1), R. multiflora cv. Natal Briar (NA), and Rosa indica ‘Major’ (RI) were used
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as rootstocks in the experiments. Table 1 shows the characteristics of the three rootstocks
used in the grafted experiment.

Table 1. The yield and flower shoot quality parameters of rootstocks such as Rosa multiflora cv. Hort.
No 1 (N1), Rosa canina cv. Natal brier (NA), and Rosa indica cv. Major (RI).

Treatment
Stem

Length
(cm)

Stem
Diameter

(cm)

No. of
Leaves
(/stem)

Dry Stem
Weight

(g/Plant)

No. of
Tepal

(/Stem)

Yield
(No. of Stem)

N1 105.4 ± 3.1 b Z 3.7 ± 0.2 b 29.6 ± 0.4 c 10.1 ± 5.0 b 37.4 ± 2.2 a 5.7 ± 1.2 a
NA 140.6 ± 7.2 a 5.4 ± 0.1 a 32.7 ± 3.3 a 35.6 ± 3.2 a 28.5 ± 1.3 b 4.3 ± 1.2 a
RI 132.1 ± 14.6 a 5.0 ± 0.2 a 32.0 ± 1.4 b 32.0 ± 1.4 a 30.9 ± 0.6 b 4.7 ± 2.1 a

Z Values followed by different letters within a column are significantly different (DMRT, p < 0.05; n = 3).

2.1.2. Cutting and Grafting Producing

The rose plants used as cutting and scion were those with a semi-hard wood material
with at least three nodes and 5–8 mm diameter at a stage when the leaves are well-developed
and the thorns can be broken off easily. The cuttings (PB) were inserted into rockwool
medium (25 × 100 × 75 cm, Grodan, Roermond, The Netherlands) until the roots were
grown. The scions (PB) with one node and one leaf were grafted onto three rootstocks such
as N1, NA, and RI with a 4–5 cm length internode. The three graft roses were designated
(scion/graft) as PB/N1, PB/NA, and PB/RI according to the rootstock species. These were
inserted into the rockwool medium (7.5× 7.5× 5 cm, Grodan, Roermond, The Netherlands)
until the stems were stenting and roots were grown.

2.2. Greenhouse and Environmental Control

The experiments were carried out in a glass-covered greenhouse with a hydroponics
system located in the Rural Department Administration of South Korea (35◦50′02′′ N,
127◦02′04′′ E). The environmental conditions in the greenhouse, using installed equipment
(consisting of convective heating, ceiling and wall windows and ventilation fans), were set
to produce target day and night temperatures of below 30 ◦C and above 18 ◦C, respectively.
Additionally, when the temperature was ≥35 ◦C in the greenhouse, the temperature was
lowered by using a shading curtain. The light intensity and temperature in the greenhouse
were logged at 1 h intervals using data log (WatchDog 1650; Spectrum Technologies Inc.,
Aurora, IL, USA).

2.3. Crop Management

The rooted cuttings (PB) and three grafts (PB/RI, PB/N1, PB/NA) were planted on
rockwool slabs (100 cm × 25 cm × 7 cm, Grodan, Denmark) at a density of five plants per
meter in June 2018. All the plants were cultivated following the ‘arching’ technique by
which 2–3 stems with a total of 30 leaves are bent horizontally in order to promote basal
shoot formation and to decrease plant canopy and light interception [33].

The nutrient solution was composed of macro-elements (NO3-N:NH4-N:P:K:Ca:Mg:S =
16:1.33:4:8:8:4:4 me·L−1) and micro-elements (Fe:Mn:B:Zn:Cu:Mo = 2:0.5:0.25:0.2:0.05:0.05 mg·L−1).
Table 2 shows the electrical conductivity (EC), pH, and amounts of irrigation nutrient solution
supplied.
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Table 2. Nutrient solution supplied in the hydroponic system during the experiment.

Index Spring
(19 April–May)

Summer
(19

July–August)

Autumn
(19 October–
November)

Winter
(20 January–

February)

EC (dS·m−1) 1.5 1.2 1.5 1.8
pH 5.8~6.0 5.8∼6.0 5.8~6.0 5.8~6.0

IANS (mL) 800 1000 800 700
EC: electrical conductivity; pH: an expression of hydrogen ion concentration in water; IANS: amount of irrigation
nutrient solution.

2.4. Yield, Quality, Morphology, and Physiological Responses of Grafted Cut Roses
2.4.1. Yield and Quality

The stem length of the cut roses is an important quality standard. The quality standards
for the length of cut roses is divided into a length of 80 cm or more for Grade 1, 70 cm
to 80 cm for Grade 2, and 70 cm or less for Grade 3 [32]. Therefore, the cut roses with
stem length over 40 cm were sequentially investigated until reaching full bloom. The
yield of flowering stems and the quality of cut roses were assessed daily during the
experimental period.

2.4.2. Root Activity

The root activity of the rootstocks was measured using an UV–visible spectropho-
tometer (Evolution 300, Thermo Co., Waltham, MA, USA) at 470 nm [34]. After washing
the fresh roots in running water, we cut them into 2 cm lengths, and then mixed them
to a sample weight of 500 mg, and placed the mixture in a glass tube. To each tube was
added 10 mL of a mixture of triphenyl tetrazolium chloride (TTC) solution, 0.1 M sodium
phosphate-buffered solution, and distilled water at a ratio of 1:4:5. After allowing air
bubbles to dissipate over a 10-min period, we continued the reaction in the dark for two
hours in a constant-temperature bath maintained at 30 ◦C. We then added 2 mL of 2N
H2SO4 to the sample tubes, vortexed them, and rinsed the samples with running water. We
subsequently added 10 mL of ethyl acetate and 1 g of crushed quartz glass to the reacted
root samples and filtered the mixture through a 110 mm filter paper (No. 2 filter paper,
Advantec Mfs Inc., Dublin, CA, USA) to extract formazan. The formula for calculating the
activity of roots using formazan is the amount of formazan (mg) divided by root weight (g)
multiplied by the reaction time (h).

2.4.3. Photosynthesis Characteristics

Photosynthetic efficiency was analyzed using a portable photosynthesis system (LI-
6800; LI-COR, Lincoln, NE, USA) in the mornings. Leaves on each rose variety at about
30 days after leaf emergence in the middle of the growing stem were randomly selected and
for photosynthetic efficiency measurements from 15 to 20 June. The chamber conditions
of the LI-6800 for measuring photosynthetic efficiency according to a temperature change
from 25 ◦C to 35 ◦C (rise by 1 ◦C) were set as follows: relative humidity (RH), 50%; CO2,
400 µmol·mol−1; photon flux density, 800 µmol·m−2·s−1. The chamber conditions of the
LI-6800 for measuring photosynthetic efficiency according to light intensity change (1200;
1000; 800; 400; 200; 100 and 0 µmol·m−2·s−1) were set as follows: chamber temperature,
27 ◦C; RH, 50%; CO2, 400 µmol·mol−1.

2.4.4. Scanning Electron Microscopy (SEM)

In order to observe the morphological characters and density of stomata, tissues were
fixed in 2.5% glutaraldehyde (v/v in a 0.1 M phosphate buffer) at pH 7.2 in the presence
of 4% sucrose (w/v) for 24 h. After three rinses (15 min, each) with the above buffer, the
specimens were dehydrated in the alcohol series and dried in a critical-point dryer (HCP-2,
Hitachi, Tokyo, Japan) with carbon dioxide as the intermediate fluid. The samples were
then coated with gold-palladium for 2 min (30 Å) using an ion sputter (MC 1000, Hitachi,
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Tokyo, Japan) and examined on an SEM (SU-3500, Hitachi, Tokyo, Japan) operating at an
accelerating voltage of 15 kV [35].

2.5. Experimental Design and Statistical Analysis

This grafting experiment was replicated three times in a random block design. Each
replication consisted of five plants for each treatment (one cutting and three grafts). The
grafting treatment results such as yield and quality of cut roses were analyzed using
analysis of variance with Duncan’s multiple range test using a significance level of p ≤ 0.05
in SAS 9.4 program (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Temperature and Ambient Light Intensity in the Greenhouse

The average temperature in the greenhouse over four seasons was in the order sum-
mer > spring > autumn > winter (Figure 1). The average temperature was 27.9 ◦C in
summer, 22.9 ◦C in autumn, 21.8 ◦C in spring, and 20.2 ◦C in winter. In spring, autumn,
and winter, the glasshouse was heated to prevent low temperatures during the night, and
the temperature was maintained at 18 ◦C or higher. However, there was no heating at night
in early autumn, so the night temperature dropped to a relatively low 14 ◦C.
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and grafts from October 2019 to August 2020.

The average ambient light intensity in the greenhouse by season was in the order
spring > autumn > summer > winter (Figure 2). The light intensity in spring, when the
ambient light intensity was highest, was 700–1100 µmol·m-2·s-1, and the ambient light inten-
sity in summer, when the ambient light intensity was the lowest, was 500–900 µmol·m-2·s-1.
The light intensity in the greenhouse was low in summer because shade was applied to
lower the temperature which had risen due to excessive light levels.
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rootstocks and grafted roses from October 2019 to August 2020.

3.2. Root Activity of Cut Roses

Hydroponics is a technique for intensively supplying nutrient solution to roots in a
small-capacity medium [36]. One of the important analytical techniques for confirming
whether nutrients are well-absorbed from medium to root is the measurement of root
activity. According to this analysis of the root activity on the scion and three rootstocks, the
NA had the highest formazan content at 2.61 mg·g−1·h−1 (Figure 3). The root activity of
PB and N1 was low, at 1.60 mg·g−1·h−1 and 1.66 mg·g−1·h−1, respectively.
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Figure 3. Root activity of one scion and three rootstocks by cutting: PB: scion of Rosa hybrida cv. Pink
Beauty; N1: rootstock of Rosa multiflora cv. Hort No 1; NA: rootstock of Rosa canina cv. Natal brier;
RI: rootstock of Rosa indica cv. Major. Vertical bars are standard deviations (n = 3). Small letters at the
data points indicate mean separation between the values by DMRT at p = 0.05.
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3.3. Morphological Characteristics of Leaves

As a result of observing the leaves of stems generated by cutting, three rootstocks, and
three grafts in summer and winter, it was confirmed that the number and size of stomata
changed (Table 3, Figures 4–6). The stomata size was larger in winter than in summer. The
stomata size of the three grafts was larger than that of the rootstock and smaller than or
equal to that of the cutting (PB). The stomata of three grafts were smaller than those of the
cuttings in summer but larger than those of the cuttings in winter. Among the three grafts,
PB/N1 had the largest stomata and PB/NA had the smallest. Among the three rootstocks,
the stomata sizes of N1 were the largest and NA were the smallest. The stomata size of the
rootstocks was smaller than that of the cuttings and grafts.

Table 3. The stomata size of one scion, three rootstocks, and three grafted plants measured by
scanning electron microscopy in winter and summer.

Season Winter Summer

Index Stomata Length
(µm)

Stomata Width
(µm)

Stomata Length
(µm)

Stomata Width
(µm)

PB 36.7 ± 2.9 a Z 16.7 ± 2.9 c 22.6 ± 0.7 b 9.1 ± 0.5 b

N1 21.7 ± 2.9 c 13.3 ± 2.9 cd 16.7 ± 0.3 c 7.1 ± 0.4 c

NA 15.8 ± 1.4 d 10.7 ± 1.2 d 14.4 ± 0.2 d 7.2 ± 0.4 c

RI 18.3 ± 2.9 cd 10.8 ± 1.4 d 17.5 ± 0.2 c 7.4 ± 0.9 c

PS/N1 34.2 ± 1.4 ab 25.8 ± 1.4 a 27.6 ± 1.0 a 10.2 ± 0.4 a

PS/NA 31.3 ± 2.3 b 21.7 ± 1.4 b 23.6 ± 0.7 b 8.9 ± 0.3 b

PS/RI 31.6 ± 3.0 b 26.7 ± 2.9 a 22.9 ± 1.0 b 9.1 ± 0.2 b
Z Values followed by different letters within a column are significantly different (DMRT, p < 0.05. n = 3). PB: scion
plant of spray rose Rosa hybrida cv. Pink Beauty; N1: rootstock of Rosa multiflora cv. Hort No 1; NA: rootstock of
Rosa canina cv. Natal brier; RI: rootstock of Rosa indica cv. Major; PB/N1: PB grafted onto N1; PB/NA: PB grafted
onto NA; PB/RI: PB grafted onto RI.
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Figure 4. The stomatal number of one scion, three rootstocks, and three grafted plants measured by
scanning electron microscopy. Seven-sample t-test for (PB): scion cut rose of Rosa hybrida cv. Pink
Beauty; (N1): rootstock of Rosa multiflora cv. Hort No 1; (NA): rootstock of Rosa canina cv. Natal
brier; (RI): rootstock of Rosa indica cv. Major; (PS/N1): PB grafted onto N1; (PB/NA): PB grafted onto
NA; (PB/RI): PB grafted onto RI treatments with difference in winter and summer. NS, **, ***: not
significant or significant at p < 0.01 and 0.001, respectively.



Horticulturae 2022, 8, 655 8 of 16Horticulturae 2022, 8, x FOR PEER REVIEW 8 of 16 
 

 

 

Figure 5. Stomatal images of one scion, three rootstocks, and three grafted plants taken with scan-

ning electron microscopy in winter. (PB): scion cut rose of Rosa hybrida cv. Pink Beauty; (N1): root-

stock of Rosa multiflora cv. Hort No 1; (NA): rootstock of Rosa canina cv. Natal brier; (RI): rootstock 

of Rosa indica cv. Major; (PB/N1): PB grafted onto N1; (PB/NA): PB grafted onto NA; (PB/RI): PB 

grafted onto RI. 

 

Figure 6. Stomatal images of one scion, three rootstocks, and three grafted plants taken with scan-

ning electron microscopy in summer. (PB): scion cut rose of Rosa hybrida cv. Pink Beauty; (N1): root-

stock of Rosa multiflora cv. Hort No 1; (NA): rootstock of Rosa canina cv. Natal brier; (RI): rootstock 

of Rosa indica cv. Major; (PB/N1): PB grafted onto N1; (PB/NA): PB grafted onto NA; (PB/RI): PB 

grafted onto RI. 

Figure 5. Stomatal images of one scion, three rootstocks, and three grafted plants taken with scanning
electron microscopy in winter. (PB): scion cut rose of Rosa hybrida cv. Pink Beauty; (N1): rootstock of
Rosa multiflora cv. Hort No 1; (NA): rootstock of Rosa canina cv. Natal brier; (RI): rootstock of Rosa
indica cv. Major; (PB/N1): PB grafted onto N1; (PB/NA): PB grafted onto NA; (PB/RI): PB grafted
onto RI.
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Figure 6. Stomatal images of one scion, three rootstocks, and three grafted plants taken with scanning
electron microscopy in summer. (PB): scion cut rose of Rosa hybrida cv. Pink Beauty; (N1): rootstock of
Rosa multiflora cv. Hort No 1; (NA): rootstock of Rosa canina cv. Natal brier; (RI): rootstock of Rosa
indica cv. Major; (PB/N1): PB grafted onto N1; (PB/NA): PB grafted onto NA; (PB/RI): PB grafted
onto RI.
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The number of stomata was greater in summer than in winter. In particular, the
number of stomata of the grafts was higher than that of the cuttings (PB) in summer and
smaller than that of the cuttings in winter. Among the three grafts, PB/N1 had the highest
number of stomata in summer and PB/RI in winter. The number of stomata of the three
rootstocks was higher than that of the cuttings and three grafts. Among the three rootstocks,
the number of stomata was the highest in N1.

3.4. Photosynthesis of Grafted Cut Roses
3.4.1. Temperature Curve

The average temperature of the greenhouse during daytime in summer was the
highest at 31.7 ◦C (Figure 1). Additionally, the average temperature in the greenhouse
during daytime in winter was the lowest at 21.5 ◦C. It was observed that there was little
difference in photosynthetic efficiency within the temperature range of 17–25 ◦C [37].
Thus, we investigated the photosynthetic efficiency of one cutting, three rootstocks, and
three grafted roses in the temperature range of 25–35 ◦C. The changes in photosynthetic
parameters such as photosynthesis rate, transpiration rate, and stomatal conductance are
shown in Figure 7.
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Figure 7. Photosynthetic parameters of one scion, three rootstocks, and three grafted plants under
different temperature conditions. (PB): scion cut rose of Rosa hybrida cv. Pink Beauty; (N1): rootstock
of Rosa multiflora cv. Hort No 1; (NA): rootstock of Rosa canina cv. Natal brier; (RI): rootstock of Rosa
indica cv. Major; (PB/N1): PB grafted onto N1; (PB/NA): PB grafted onto NA; (PB/RI): PB grafted
onto RI. Vertical bars are standard deviations (n = 3).

All the grafted roses (PB/N1, PB/NA, PB/RI) had higher photosynthesis rates than
those of cuttings (PB). Additionally, the photosynthetic characteristics of the grafted roses
were similar to those of the rootstock. Except for PB/N1, the photosynthetic efficiencies
of grafts such as PB/NA and PB/RI had similar values to the rootstocks (NA and RI)
and cutting (PB). In PB/NA, photosynthetic efficiency did not decrease even at high
temperatures above 30 ◦C, similarly to NA. PB/RI had the best photosynthetic efficiency at
the lowest temperature, 25 ◦C, similarly to RI. In PB/NA, the decrease in photosynthetic
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rate was large as the temperature decreased, whereas in PB/RI, the decrease was small.
Although the photosynthetic rate of PB/N1 was not superior to that of other grafts (PB/NA,
PB/RI), the degree of change in photosynthetic values was small in all temperature ranges,
similarly to N1.

The transpiration rate of rootstocks was in the order NA > RI > N1. There was no
difference in the transpiration rate among the grafted roses (PB/N1, PB/NA, PB/RI). Their
transpiration rates were higher than that of PB. Although the transpiration rates of the three
rootstocks and three grafted roses (PB/N1, PB/NA, PB/RI) increased at a temperature of
30 ◦C or higher, that of the cutting (PB) continued to decrease. Additionally, the stomatal
conductance had a similar trend to the transpiration rate.

3.4.2. Light Curve

The photosynthesis rate was investigated in the light intensity range of
0–1200 µmol·CO2·m−2·s−1 that can occur in a greenhouse with cut roses cultivated (Figure 2).
In the cutting (PB), rootstocks (N1, NA, RI), and grafts (PB/N1, PB/NA, PB/RI), the photo-
synthetic rate increased as the light intensity increased, and the saturation point was shown
at the light intensity of 800–1000 µmol·CO2·m−2·s−1 (Figure 8). There was no significant
difference between the cutting, three rootstocks, and three grafts for weak light of less than
500 µmol·CO2·m−2·s−1, but as the light intensity increased, the difference in photosynthesis
rate between them grew larger. At a high light intensity of 1000 µmol·CO2·m−2·s−1 or higher,
the photosynthetic rate of NA was the highest of all treatments, and PB had the lowest of
them. There was no significant difference in photosynthetic rate by light intensity between
grafted roses. The transpiration rate and stomatal conductance increased in all the treat-
ments as the light intensity increased, but for PB/N1, they decreased at a light intensity of
1000 µmol·CO2·m−2·s−1 or more.
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Figure 8. Photosynthetic parameters of one scion, three rootstocks, and three grafted plants under
different light intensities. (PB): scion cut rose of Rosa hybrida cv. Pink Beauty; (N1): rootstock of Rosa
multiflora cv. Hort No 1; (NA): rootstock of Rosa canina cv. Natal brier; (RI): rootstock of Rosa indica cv.
Major; (PB/N1): PB grafted onto N1; (PB/NA): PB grafted onto NA; (PB/RI): PB grafted onto RI.
Vertical bars are standard deviations (n = 3).



Horticulturae 2022, 8, 655 11 of 16

3.5. Yield and Quality of Cut Roses

The stem length, diameter, and fresh weight of grafted roses were significantly in-
creased compared to those of the cutting (PB) in autumn, winter, and spring (Figure 9). In
autumn, winter, and spring, the stem length of PB/N1 was longer than that of PB and other
grafted roses. Additionally, the stem diameter of PB/RI was thicker than that of PB and
other grafted roses.
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Figure 9. The stem length, stem diameter, and fresh weight for scion cut rose Rosa hybrida cv. Pink
Beauty (PB), rootstock of Rosa multiflora cv. Hort No 1 (N1), rootstock of Rosa canina cv. Natal brier
(NA), rootstock of Rosa indica cv. Major (RI), PB grafted onto N1 (PB/N1), PB grafted onto NA
(PB/NA), PB grafted onto RI (PB/RI) in four seasons. Vertical bars are standard deviations (n = 15).
Small letters at the data points indicate mean separation between the values by Duncan’s multiple
test at p = 0.05. Values were determined by two-way ANOVA.
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There was no difference in yield between any treatments in spring, summer and winter
(Figure 10). However, in autumn, when the yield of cut flower roses was higher than that of
other seasons, the production of cut roses produced from PB/NA was the highest among
the cutting and grafted roses. Additionally, the flower height was the highest in the PB/NA
among the cutting and grafted roses (Table 4). However, the number of petals of cuttings
was greater than that of the grafted roses.
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Figure 10. The yield for scion cut rose Rosa hybrida cv. Pink Beauty (PB), rootstock of Rosa multiflora cv.
Hort No 1 (N1), rootstock of Rosa canina cv. Natal brier (NA), rootstock of Rosa indica cv. Major (RI),
PB grafted onto N1 (PB/N1), PB grafted onto NA (PB/NA), PB grafted onto RI (PS/RI). Vertical bars
are standard deviations (n = 15). Small letters at the data points indicate mean sep-aration between
the values by Duncan’s multiple test at p = 0.05.

Table 4. Flower characteristics of one scion and three grafted plants.

Season Index PB PB/N1 PB/NA PB/RI

Spring

Flower height (cm) 5.5 ± 0.1 b Z 5.6 ± 0.2 b 5.8 ± 0.1 ab 5.9 ± 0.1 a

Flower diameter (mm) 32.5 ± 1.2 ab 33.6 ± 1.0 a 31.4 ± 1.2 b 34.4 ± 0.8 a

No. of petals 58.8 ± 0.2 a 56.2 ± 1.3 b 48.1 ± 2.1 d 50.5 ± 0.8 c

Summer

Flower height (cm) 4.6 ± 0.2 a 4.3 ± 0.1 a 4.7 ± 0.2 a 4.6 ± 0.4 a

Flower diameter (mm) 23.1 ± 1.3 a 22.7 ± 0.7 a 23.4 ± 1.9 a 23.1 ± 0.6 a

No. of petals 56.5 ± 2.4 b 64.5 ± 2.3 a 52.2 ± 0.5 c 54.9 ± 2.2 bc

Autumn

Flower height (cm) 5.5 ± 0.4 a 5.4 ± 0.0 a 5.7 ± 0.3 a 5.6 ± 0.1 a

Flower diameter (mm) 31.4 ± 2.6 a 31.6 ± 1.7 a 32.9 ± 1.1 a 33.1 ± 0.2 a

No. of petals 61.1 ± 7.2 a 62.3 ± 0.8 a 53.7 ± 4.2 a 55.1 ± 2.6 a

Winter

Flower height (cm) 5.5 ± 0.1 c 5.5 ± 0.2 bc 6.0 ± 0.1 a 5.8 ± 0.1 ab

Flower diameter (mm) 33.2 ± 0.3 a 32.5 ± 0.2 a 32.2 ± 1.0 a 33.2 ± 1.5 a

No. of petals 58.5 ± 1.0 a 56.1 ± 2.0 a 48.0 ± 2.3 b 49.2 ± 0.3 b
Z Values followed by different letters within a column are significantly different (DMRT, p < 0.05. n = 15). PB: scion
plant of standard rose Rosa hybrida cv. Pink Beauty; N1: rootstock of Rosa multiflora cv. Hort No 1; NA: rootstock of
Rosa canina cv. Natal brier; RI: rootstock of Rosa indica cv. Major; PB/N1: PB grafted onto N1; PB/NA: PB grafted
onto NA; PB/RI: PB grafted onto RI.
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4. Discussion

The light intensity due to seasonal changes affects different components of yield and
quality, such as bud breaking, the rate of flower abortion, formation of renewal shoots, time
period between harvests, length, weight and diameter of stem and flower buds in roses [7].
Additionally, rose plant growth parameters (bud breakage, flower abortion rates, and
bud length, etc.) are affected by variations in temperature due to seasonal environmental
conditions [8]. As such, light and temperature are very important environmental factors
for the growth and development of roses. In addition, light intensity and temperature have
a mutual relationship in rose growth and flower development. Even if the temperature is
appropriate, if the light intensity is low, the growth of roses is inhibited, and even if the
light intensity is high, if the temperature is high or low, the growth of roses is inhibited [37].
In this experiment, the temperature (Figure 1) and light intensity (Figure 2) in a greenhouse
where grafted roses were grown changed greatly depending on the four seasons. In summer,
temperature was high and light intensity was low. In winter, both the temperature and
the light intensity were lower than in the spring and autumn. As such, in the results of
our study, the changes in light intensity and temperature due to seasonal environmental
conditions affected the photosynthesis, flower quality, quantity, and morphology of grafted
roses grown in the greenhouse. Previous reports [38] stating that the seasonal changes in
temperature and light environment in greenhouses in Korea affect the growth of roses are
similar to our results.

Grafted plants have improved growth due to enhanced photosynthetic efficiency pa-
rameters such as photosynthesis rate, stomatal conductance, concentration of intercellular
CO2 and transpiration rate [22,23]. Additionally, it is reported that the photosynthetic
efficiency and growth of grafted plants vary greatly depending on the type of rootstock [30].
In our study, grafted roses improved the photosynthesis rate, stomatal conductance and
transpiration rate with similar trends to those in rootstocks (Figures 7 and 8). Additionally,
as the conductivity and transpiration rate of the stomata of the grafted rose increased, the
shape of the stomata was observed, and it was confirmed that the stomata of the grafted
roses were smaller and more numerous than those of the cuttings in summer. Addition-
ally, the stomata of the grafted roses were larger those of the cuttings in winter (Table 3,
Figures 4–6). Therefore, it is considered that grafted roses with a large amount of transpira-
tion required more moisture, but due to the lack of the supplied nutrient solution, drying
symptoms occurred, leading to smaller sized stomata in summer. Similar to our findings, it
is reported that the photosynthetic efficiency of the rootstocks affected the grafted roses,
just as a rose grafted with heat-resistant rootstock became heat-resistant [39,40]. In par-
ticular, there is a previous report stating that stomatal control of photosynthesis through
transpiration affects plant productivity and water use efficiency [41]. According to a report
investigating stomata, as the number of stomata increases, the absorption of CO2 and tran-
spiration become smoother, and smaller stomata have a fast opening and closing speed [42].
In addition, stomata size decreases due to stress factors such as drought [43]. In particular,
it has been reported that longer and wider stomata contribute to the enhanced plasticity of
stomata conductance under high temperature [44], and in this study, it was confirmed that
the stomatal conductivity of PB/N1 with large stomata decreases under high temperature
and high light-intensity conditions (Table 3). Additionally, this is consistent with a report
stating that stomata size was negatively correlated with the maximum rate at which the
stomata opened in response to light [45], and stomatal conductivity increases or decreases
according to the temperature increases for each crop [46]. Therefore, it is considered that
the stomata conductance of grafted roses not only changes according to the temperature
and the type of rootstock, but is also affected by the size and number of stomata. To sum
up, it is concluded that the photosynthetic efficiency and morphological changes in grafted
roses affect the quality and yield of cut roses.

Grafting benefits the growth of horticultural crops by improving their tolerance to
negative environmental conditions such as high or low temperatures and low light inten-
sity [20,21]. The benefits of grafting vary greatly depending on the type of rootstock [29,30]
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and vitality of the scion or rootstock [47]. The root, which absorbs water and nutrients
from the medium, is an important organ for the growth of cut roses. The root activity of
the rootstocks was significantly higher than that of the scion (Figure 3). Additionally, the
length, diameter, and fresh weight of the stem produced from the grafted roses was differ-
entially increased depending on the variety of rootstocks in autumn, winter, and spring
(Figure 9). In contrast, in summer, there was no effect of grafting on the quality of cut roses.
This could be because the temperature in the greenhouse in summer was too high, which
lowered the photosynthetic efficiency. In addition, shading to lower the high temperature
in summer reduced the light intensity in the greenhouse (Figures 1 and 2). Therefore, it
is considered that there was no difference in quality as the difference in photosynthesis
rate due to rootstock treatments was small because in summer, the temperature in the
greenhouse was too high and the light intensity of the greenhouse was lowered by shading
(Figures 7, 8 and 10). The yield of cut roses was not higher in the grafted roses compared
with the cuttings in spring, summer, and winter. The large yield of cut roses in autumn
could be due to exposure to low temperature (14 ◦C) at nighttime with non-heating during
2 weeks in the early stages of rose growth (Figure 1). Our results are supported by a report
that when pruned roses are subjected to low temperatures in the early stages of growth,
the development of shoots is improved [8].

Among the cut roses grafted onto three rootstocks in the study, the number of petals
of PB/NA decreased, but the stem length quality was good according to cut flower quality
standards in Korea (Table 4). Although not decorative flowers, there is a report that the
shape of grapefruit changes under grafting [48]. In addition, when a pepper with long
and thin red fruit (rootstock) was grafted with a pepper with round and thick red fruit
(scion), medium-length round fruit was produced [49]. As such, it was confirmed that the
morphological changes in the grafted plant were due to the influence of the rootstock.

5. Conclusions

The conclusions for the cut roses grafted onto three different rootstocks are as follows:
First, physiological characteristics such as root activity and photosynthetic efficiency

and growth characteristics differed greatly depending on the type of rootstock widely used
for grafting roses. Second, the grafted roses that received photosynthetic properties from
each rootstock had improved photosynthesis parameters such as the photosynthetic rate,
stomatal conductivity, and transpiration rate compared with the scion. Finally, since grafted
roses have different photosynthetic efficiency and growth characteristics compared with
ungrafted roses, additional research is needed to determine their optimal nutrient solution
according to environmental changes (temperature and light) in the greenhouse and thereby
improve the efficiency of hydroponics systems.

Author Contributions: O.-H.K. contributed to the data analysis, original draft and writing, and to
growing cut flower roses; H.-G.C. and Y.-R.L. contributed to the design of experiments, conceptual-
ization, data analysis, data curation, and writing. S.-J.K., H.-H.J. and K.-Y.P. grew cut flower roses.
All authors have read and agreed to the published version of the manuscript.

Funding: This work was carried out with the support of the “Cooperative Research Program for
Agriculture Science & Technology Development (Project No. PJ01340801 and PJ01628201)”, Rural
Development Administration, Republic of Korea.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data generated in this study are available in the article.

Acknowledgments: We would like to express our thanks to the anonymous reviewers for their useful
comments.

Conflicts of Interest: The authors declare no conflict of interest.



Horticulturae 2022, 8, 655 15 of 16

References
1. Chen, C.X.; Hussain, N.; Wang, Y.R.; Li, M.T.; Liu, L.; Qin, M.Z.; Ma, N.; Gao, J.P.; Sun, X.M. An ethylene-inhibited NF-YC

transcription factor RhNF-YC9 regulates petal expansion in rose. Hortic. Plant J. 2020, 6, 419–427. [CrossRef]
2. Shoor, M.; Pahnekolayi, M.D.; Tehranifar, A.; Samiei, L. Optimizing culture medium ingredients and micrografting devices can

promote in vitro micrografting of cut roses on different rootstocks. Plant Cell Tissue Organ Cult. 2019, 137, 265–274.
3. Singh, A.P.; Sane, A.P. Differential and reciprocal regulation of ethylene pathway genes regulates petal abscission in fragrant and

non-fragrant roses. Plant Sci. 2019, 280, 330–339. [CrossRef] [PubMed]
4. Kim, W.S.; Seo, J.H. Seasonal change in incidence bent peduncle phenomenon of flowering shoots of greenhouse-grown cut roses.

Flower Res. J. 2013, 21, 74–77.
5. Cheong, D.C.; Lee, J.J.; Choi, C.H.; Song, Y.J.; Kim, H.J.; Jeong, J.S. Growth and cut-flower productivity of spray rose as affected

by shading method during high temperature period. Korean J. Hortic. Sci. Technol. 2015, 33, 227–232. [CrossRef]
6. Lieth, J.H.; Pasian, C.C. Model for net photosynthesis of rose leaves as a function of photosynthetically active radiation, leaf

temperature, and leaf age. J. Am. Soc. Hortic. Sci. 1990, 115, 486–491. [CrossRef]
7. Zieslin, N.; Mor, Y. Light on roses. A review. Sci. Hortic. 1990, 43, 1–14. [CrossRef]
8. Desta, B.; Tena, N.; Amare, G. Response of rose (Rosa hybrida L.) plant to temperature. Asian J. Plant Sci. 2022, 7, 93–101.
9. Ueda, Y.; Nishihara, S.; Tomitab, H.; Oda, Y. Photosynthetic response of Japanese rose species Rosa bracteata and Rosa rugosa to

temperature and light. Sci. Hortic. 2000, 84, 365–371. [CrossRef]
10. Ushio, A.; Mae, T.; Makino, A. Effects of temperature on photosynthesis and plant growth in the assimilation shoots of a rose. J.

Soil Sci. Plant Nutr. 2008, 54, 253–258. [CrossRef]
11. Essemine, J.; Govindachary, S.; Ammar, S.; Bouzid, S.; Carpentier, R. Abolition of photosystem I cyclic electron flow in Arabidopsis

thaliana following thermal-stress. Plant Physiol. Biochem. 2011, 49, 235–243. [CrossRef] [PubMed]
12. Lal, M.K.; Tiwari, R.K.; Gahlaut, V.; Mangal, V.; Kumar, A.; Singh, M.P.; Paul, V.; Kumar, S.; Singh, B.; Zinta, G. Physiological and

molecular insights on wheat responses to heat stress. Plant Cell Rep. 2022, 41, 501–518. [CrossRef]
13. Lal, M.K.; Sharma, N.; Adavi, S.B.; Sharma, E.; Altaf, M.A.; Tiwari, R.K.; Kumar, R.; Kumar, A.; Dey, A.; Paul, V.; et al. From

source to sink: Mechanistic insight of photoassimilates synthesis and partitioning under high temperature and elevated [CO2].
Plant Mol. Biol. 2022. [CrossRef] [PubMed]

14. Shin, H.; Lieth, J.H.; Kin, S.; Shin, H.K.; Kim, S.H.; Zieslin, N. Effect of temperature on leaf area and flower size in rose. Acta
Hortic. 2001, 547, 185–191. [CrossRef]

15. Jeong, B.R.; Park, Y.G. Effect of light intensity during stenting propagation on rooting and subsequent growth of two rose cultivars.
Flower Res. J. 2012, 20, 228–232. [CrossRef]

16. Yang, K.R.; Kim, W.H.; Kim, S.J.; Jung, H.H.; Yoo, B.S.; Lee, H.J.; Park, K.Y. Breeding of spray rose cultivar ‘Pink Shine’ with pink
color and longer vase life. Flower Res. J. 2020, 28, 210–215. [CrossRef]

17. An, D.C.; Kim, S.Y.; Chin, Y.D.; Park, H.G.; Bae, M.J.; Hwang, J.C. Yellow spray rose cultivar ‘Egg Tart’ with high productivity and
suitable for export. Flower Res. J. 2020, 28, 220–227. [CrossRef]

18. Cheong, D.C.; Lee, J.J.; Choi, C.H.; Kim, H.J. Breeding of standard rose ‘Pinky Luna’ with a fragrance, and pastel color of pale
pink for cut flowers. Flower Res. J. 2020, 28, 93–98. [CrossRef]

19. Younas, A.; Riaz, A. Effect of various hormones and different rootstocks on rose propagation. Caderno Pesquisa Sér. Bio. 2005, 17,
111–118.

20. Venema, J.H.; Dijk, B.E.; Bax, J.M.; van Hasselt, P.R.; Elzenga, J.T.M. Grafting tomato (Solanum lycopersicum) onto the rootstock
of a high-altitude accession of Solanum habrochaites improves suboptimal-temperature tolerance. Environ. Exp. Bot. 2008, 63,
359–367. [CrossRef]

21. Li, Y.; Tian, X.; Wei, M.; Shi, Q.; Yang, F.; Wang, X. Mechanisms of tolerance differences in cucumber seedlings grafted on
rootstocks with different tolerance to low temperature and weak light stresses. Turk. J. Bot. 2015, 39, 606–614. [CrossRef]

22. Ximing, H. Growth and Productivity of Cut Rose as Related to the Rootstock. Ph.D. Thesis, Wageningen University, Wageningen,
The Netherlands, 2001.

23. Liu, Y.F.; Qi, H.Y.; Bai, C.M.; Qi, M.F.; Xu, C.Q.; Hao, J.H.; Li, Y.; Li, T.L. Grafting helps improve photosynthesis and carbohydrate
metabolism in leaves of muskmelon. Int. J. Biol. Sci. 2011, 7, 1161–1170. [CrossRef] [PubMed]

24. Ahn, S.J.; Im, Y.J.; Chung, G.C.; Cho, B.H.; Suh, S.R. Physiological responses of grafted-cucumber leaves and rootstock roots as
affected by low root temperature. Sci. Hortic. 1999, 81, 397–408. [CrossRef]

25. Rouphael, Y.; Cardarelli, M.; Reab, E.; Colla, G. Grafting of cucumber as a means to minimize copper toxicity. Environ. Exp. Bot.
2008, 63, 49–58. [CrossRef]

26. Yetisir, H.; Kurt, F.; Sari, N.; Tok, F.M. Rootstock potential of Turkish Lagenaria siceraria germplasm for watermelon: Plant growth,
graft compatibility, and resistance to Fusarium. Turk. J. Agric. For. 2007, 31, 381–388.

27. Zheng, N.; Wang, M.L.; Wang, H.T.; Ai, X.Z. Effects of grafting on photosynthesis of sweet pepper seedlings under low
temperature and weak light intensity. Ying Yong Sheng Tai Xue Bao 2009, 20, 591–596.

28. Yang, Y.; Yu, L.; Wang, L.; Guo, S. Bottle gourd rootstock-grafting promotes photosynthesis by regulating the stomata and
non-stomata performances in leaves of watermelon seedlings under NaCl stress. J. Plant Physiol. 2015, 186, 50–58. [CrossRef]

29. Martinez-Ballesta, M.C.; Alcaraz-Lopez, C.; Muries, B.; Mota-Cadenas, C.; Carvajal, M. Physiological aspects of rootstock–scion
interactions. Sci. Hortic. 2010, 127, 112–118. [CrossRef]

http://doi.org/10.1016/j.hpj.2020.11.007
http://doi.org/10.1016/j.plantsci.2018.12.013
http://www.ncbi.nlm.nih.gov/pubmed/30824012
http://doi.org/10.7235/hort.2015.14154
http://doi.org/10.21273/JASHS.115.3.486
http://doi.org/10.1016/0304-4238(90)90031-9
http://doi.org/10.1016/S0304-4238(99)00138-7
http://doi.org/10.1111/j.1747-0765.2007.00234.x
http://doi.org/10.1016/j.plaphy.2010.11.002
http://www.ncbi.nlm.nih.gov/pubmed/21256041
http://doi.org/10.1007/s00299-021-02784-4
http://doi.org/10.1007/s11103-022-01274-9
http://www.ncbi.nlm.nih.gov/pubmed/35610527
http://doi.org/10.17660/ActaHortic.2001.547.22
http://doi.org/10.11623/frj.2012.20.4.228
http://doi.org/10.11623/frj.2020.28.3.15
http://doi.org/10.11623/frj.2020.28.3.17
http://doi.org/10.11623/frj.2020.28.2.06
http://doi.org/10.1016/j.envexpbot.2007.12.015
http://doi.org/10.3906/bot-1404-115
http://doi.org/10.7150/ijbs.7.1161
http://www.ncbi.nlm.nih.gov/pubmed/22043173
http://doi.org/10.1016/S0304-4238(99)00042-4
http://doi.org/10.1016/j.envexpbot.2007.10.015
http://doi.org/10.1016/j.jplph.2015.07.013
http://doi.org/10.1016/j.scienta.2010.08.002


Horticulturae 2022, 8, 655 16 of 16

30. Yetisir, H.; Sari, N. Effect of different rootstock on plant growth, yield and quality of watermelon. Aust. J. Exp. Agric. 2003, 43,
1269–1274. [CrossRef]

31. Fallahi, E.; Colt, W.M.; Fallahi, B.; Chun, I.J. The importance of apple rootstocks on tree growth, yield, fruit quality, leaf nutrition,
and photosynthesis with an emphasis on ‘Fuji’. J. Am. Soc. Hortic. Sci. 2002, 12, 38–44. [CrossRef]

32. National Agricultural Products Quality Management Service (NAQS). National Agricultural Products Quality Management.
Available online: https://www.naqs.go.kr/eng/contents/contents.do?menuId=MN20674 (accessed on 14 October 2020).

33. Ohkawa, K.; Suematsu, M. Arching cultivation techniques for growing cut-roses. Acta Hort. 1999, 482, 47–51. [CrossRef]
34. Kang, S.B.; Lee, I.B.; Park, J.M.; Lim, T.J. Effect of waterlogging conditions on the growth, root activities and nutrient content of

‘Campbell Early’ grapevine. Korean J. Hortic. Sci. Technol. 2010, 28, 172–179.
35. Clément, C.; Burrus, M.; Audran, J.C. Floral organ growth and carbohydrate content during pollen development in lilium. Am. J.

Bot. 1996, 83, 459–469. [CrossRef]
36. Toshiki, A. Hydroponics—A Standard Methodology for Plant Biological Researches; BoD-Books on Demand: Norderstedt,

Germany, 2012.
37. Dieleman, J.A.; Meine, E. Interacting effects of temperature integration and light intensity on growth and development of

single-stemmed cut rose plants. Sci. Hortic. 2007, 113, 182–187. [CrossRef]
38. Kim, H.K.; Oh, S.I.; Lee, A.K. Quality of cut spray roses grown in a seasonal cultivation environment of a smart farm in honam,

Korea. Flower Res. J. 2020, 28, 285–293. [CrossRef]
39. Qi, W.; Zhang, C.; Wang, W.; Cao, Z.; Li, S.; Li, H.; Zhu, W.; Huang, Y.; Bao, M.; He, Y.; et al. Comparative transcriptome analysis

of different heat stress responses between self-root grafting line and heterogeneous grafting line in rose. Hortic. Plant J. 2021, 7,
243–255. [CrossRef]

40. Qi, W. The Mechanism of Improving the Heat Resistance of Rose by Grafting. M.D. Dissertation, Huazhong Agricultural
University, Wuhan, China, 2020.

41. Lawson, T.; Silvere, V.C. Speedy stomata, photosynthesis and plant water use efficiency. New Phytol. 2019, 221, 93–98. [CrossRef]
42. John, A.R. Speedy small stomata? J. Exp. Bot. 2014, 65, 1415–1424.
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