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Abstract: Cut roses are ornamental crops that are produced year-round, and the quality and yield of
these cut flowers vary depending on the temperature and light intensity of the four seasons. Grafting
improves productivity by increasing adaptability to negative environments, such as high temperature
and low light intensity. The effectiveness of grafting depends on the type of the scion and rootstock. In
order to confirm the effectiveness of stenting on roses, two varieties of cut roses (Rosa hybrida cv. Pink
Beauty and Pink Shine) were grafted onto three rootstocks (R. multiflora Natal Briar, R. indica Major,
and Rosa multiflora Hort. No. 1), which are widely used in cut rose, and the quality and yield of the
cut flowers were investigated year-round according to the four seasons; then, principal component
analysis (PCA) was performed. The Rosa hybrida cv. Pink Beauty (PB) used as the scion showed high
yield and excellent growth in autumn when the light intensity was high and the temperature was low.
The PB grafted onto the R. multiflora Natal Briar (NA) rootstock showed improved growth in spring,
autumn and winter, excluding summer, and had the effect of lengthening the stem. The growth of PB
grafted onto R. indica Major (RI) rootstock was also improved in spring, autumn, and winter, except
summer, and in particular, the stem was lengthened and thickened. The rosa hybrida cv. Pink Shine
(PS) was a variety whose yield of cut flowers increased in summer when the temperature was high.
The PS grafted onto the three rootstocks gave a higher yield of cut flowers than the PS scion. The
graft of PS/Natal Briar gave longer stems than the PS scion, and the graft of PS/Major gave thicker
stems than the PS scion. PS grafted onto the Rosa multiflora Hort. No. 1 (N1) rootstock gave more
petals than the PS scion. As such, cut roses grafted onto the Rosa canina cv. Natal brier (NA) improved
the stem length, increasing the adaptability to relatively high temperatures, and the Rosa indica cv.
Major (RI) improved the stem length and stem diameter, enhancing the adaptability to relatively
low temperatures.
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1. Introduction

The quality and productivity of horticultural crops are affected by the growing envi-
ronment; in particular, differences in the seasonal temperature and light intensity are large,
so the cultivation environment in winter and summer places abiotic stress on horticultural
crops [1]. There are four distinct seasons in South Korea; the temperature is too high in
summer and the temperature and light intensity are low in winter. Grafting is a widely
used cultivation technique to improve the growth of horticultural crops by increasing
their adaptability to negative environments, such as high and low temperatures, and low
light intensity [2,3]. The success rate of grafting varies depending on the grafting method
and environment [4-6]. The improvement of adaptability to a negative environment via
grafting affects the quality and yield of horticultural crops. In particular, the productivity
can be increased by improving the tolerance through grafting in a negative environment
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induced by salt stress [7], and the nutrient absorption of grafted plants using rootstock
with excellent root nutrient absorption was improved, thereby increasing the adaptability
to negative soil environments [8]. It has also been reported that the rootstock improves
qualities such as the stem length, stem diameter, and flower weight of roses [9]. Korean
consumers prefer cut roses with large flowers and long stems. In particular, in Korea, the
length of the stem is an important indicator of quality grade [10].

The quality and yield of grafted horticultural crops such as rose [11,12] melon [13]
and tobacco [14] vary depending on the characteristics of the scion and the rootstock. In
Korea, the three rootstocks Natal Briar (R. multiflora), Major (R. indica), and Hort No. 1
(Rosa multiflora) are widely used for grafting to improve the growth of cut roses. How-
ever, there is not enough information about the quality and yield of roses grafted using
these rootstocks.

Although it is difficult to investigate the effects of grafting on cut roses because they
are continuously grown year-round in a greenhouse, we confirmed the characteristics of
scion cut roses (Rosa hybrida cv. Pink Beauty) grafted onto these three types of rootstock [15].
Additionally, the characteristics of spray rose (Rosa hybrida cv. Pink Shine) grafted onto three
different rootstocks grown in summer have been reported [16]. Nevertheless, there is still
insufficient information on how the effect of grafting differs according to the characteristics
of scions and rootstocks in relation to environmental conditions such as temperature and
light intensity according to the season. Therefore, in this study, we analyzed the grafting
characteristics according to the types of two scion and three rootstocks in relation to
environment, with temperature and light alterations during the four seasons. However,
it is difficult to analyze the grafting characteristics measured throughout the year via
various factors such as environment, scion, and rootstock. One method that can be used to
analyze the effects of these various factors is principal component analysis (PCA), as the
best-known technique of multivariate data analysis [17]. PCA involves data reduction and
transforming the raw data into principle components or factors [18]. Principal component
analysis analyzes the correlation structure between variables by determining the variation
in the original variable after obtaining low-dimensional independent factors [19], and
also takes into account the correlations among several variables that are simultaneously
analyzed, thus allowing the interpretation of better summarized information [20]. The
PCA-based biplot is organized into a graph wherein all elements are chosen to exactly
match the dot product of the vectors corresponding to the row and column. A biplot is
useful for data analysis as it allows one to visually evaluate the structure of large data
matrices. Agriculturally, it is used in various fields, such as those related to the quality of
fruit [21], disease [22,23], breeding [24], classification [25] and soil ingredients [20].

Therefore, this study was conducted to find out how the quality and yield charac-
teristics of grafted cut roses differ depending on the type of rootstock in a greenhouse
environment where the light intensity and temperature change according to the seasons.

2. Materials and Methods
2.1. Plant Materials and Growth Conditions

The two scions used in this study were the standard rose cultivar Rosa hybrida cv.
Pink Beauty (PB) and the spray rose cultivar Rosa hybrida cv. Pink Shine (PS). The three
rootstocks used in this study were Rosa multiflora cv. Hort. No. 1 (N1), Rosa canina cv. Natal
Briar (NA), and Rosa indica cv. Major (RI). Rosa multiflora cv. Natal Briar is native to South
Africa, Rosa indica cv. “Major” is differentiated in Israel, and Rosa multiflora cv. Hort. No. 1
is prevalent in Korea.

The yield and flower quality were measured using fifteen different individual plants,
including the non-grafted scion rose cultivars (PB and PS), and six grafted rose flowers
(PB/N1, PB/NA, PB/RI, PS/N1, PS/NA, and PS/RI).

The roses were planted in a rockwool medium (25 x 100 x 75 cm, Grodan, Roermond,
The Netherlands) and cultivated in a soilless culture system. The composition of the
nutrient solution from the Japan National Institute of Vegetable and Tea Science (JNIVT)
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was as follows: macroelements (NO3-N:NH4-N:P:K:Ca:Mg:S = 16:1.33:4:8:8:4:4 me-L71),
microelements (Fe:Mn:B:Zn:Cu:Mo = 2:0.5:0.25:0.2:0.05:0.05 mg-Lfl). All the roses 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

The experiments were carried out in a glass greenhouse located in the Rural De-
partment 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 day and night temperatures
of <30 °C and >18 °C, respectively. Additionally, when the temperature was >35 °C
in the greenhouse, the temperature was lowered using a 30% shading curtain. The light
intensity and temperature in the greenhouse were logged at 1 h intervals using a data log
(WatchDog 1650; Spectrum Technologies Inc., Aurora, IL, USA). Figure 1 shows the light

intensity and temperature at noon in the greenhouse for cultivating a cutting and grafting
cut roses during the four seasons.
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Figure 1. Light intensity and temperature at noon in the greenhouse used in this study. Vertical bars
are standard deviations (1 = 60). Small letters at the data points indicate mean separation between
the values by Duncan’s multiple test at p = 0.05.

2.2. Yield and Quality

The stem length is an important quality standard for cut roses [10]. Therefore, cut
roses with stem lengths 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
four seasons from September 2019 to June 2020.

2.3. Experimental Design and Statistical Analysis

This grafting experiment was replicated three times. Each replication consisted of
five plants for each treatment (two cuttings and six grafts). The grafting treatment results
such as yield and quality of cut flowers were analyzed using analysis of variance with
Duncan’s multiple range test using a significance level of p < 0.05 in the SAS 9.4 program
(SAS Institute Inc., Cary, NC, USA). The data analyses were performed using a principal
component analysis (PCA) biplot, using the statistical R software (R Foundation, Institute
for Statistics and Mathematics, Vienna, Austria). These methods aim at reducing the
multivariate space in which objects (growth and environment parameters) are distributed.
The two scions and three rootstocks used for grafting are classified according to their effects.

3. Results
3.1. Yield and Quality of Cut Roses

In the grafted rose Rosa hybrida cv. Pink Beauty, the quality parameters of cut flowers
such as stem length, stem diameter, flower size, number of petals, and number of leaves
were affected by season and the characteristics of the rootstock types (Table 1). In particular,
the stem lengths of grafted roses were significantly increased compared to those of the
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cuttings (PB) in autumn, winter, and spring. In autumn, winter, and spring, the stem lengths
of PB/N1 were longer than those of PB and other grafted roses, and the stem lengths and
stem diameters of PB/RI were improved compared to the cutting (PB). However, the Rosa
hybrida cv. Pink Beauty (PB) grafted roses had fewer petals than non-grafted roses (PB), and
there was no difference in yield between any treatments in spring, summer and winter. In
autumn, when the yield of cut flowers was higher than in other seasons, the production of
cut roses produced from PB/NA was the highest among the cuttings and grafted roses.

In Rosa hybrida cv. Pink Shane (PS), the stem length was affected by the season, but
there was no effect resulting from grafting (Table 2). However, the number of cut flowers
of Rosa hybrida cv. Pink Shine (PS) grafted onto Rosa canina cv. Natal brier (NA) increased
more than that of cuttings (PS) in summer and autumn, and the numbers of cut flowers
of Rosa hybrida cv. Pink Shine (PS) grafted with Rosa indica cv. Major (RI) increased more
than those of cuttings (PS) in winter and spring. Additionally, the number of petals of Rosa
hybrida cv. Pink Shane (PS) grafted onto Rosa multiflora cv. Hort. No. 1 (N1) was greater
than that of the cuttings (PS).

3.2. Biplot Given by the Principal Component Analysis (PCA) of Yield and Growth on Grafted
Standard Type Rose Rosa Hybrida cv. Pink Beauty

The PCA-based biplot is a method of geometrically analyzing information in mul-
tivariate data. In a biplot graph, if the position of the variable and the direction of the
arrow are close, it means that the correlation is high [21]. Tables 1 and 2 were used for
biplot-based PCA. The biplot analysis was performed within two main principle factors
(PC1 and PC2) for the cutting (PB) and the three grafted PB in four seasons by rootstock
types. The principal components of PB explained 93.0% of the cumulative variance—PC1
explained 68.6%, accounting for stem length (SL), length of flower neck (FSL), fresh weight
(FW), and yield of stem (YI), and PC2 indicated 24.4%, accounting for stem diameter (SD)
and number of leaves (LN) (Figure 2A).

PB showed excellent growth in spring, autumn, and winter, when the light intensity
was high and the temperature was relatively low. However, in the summer, when the tem-
perature was high, the stems were short and thick, and the yields of cut flowers decreased.
The principal components on PB/N1 explained 92.6% of the cumulative variance—PC1
detailed 66.4%, accounting for temperature (TE), number of petals (PN), FW and SD, while
PC2 indicated 24.4%, accounting for SD and yield of stem (YI) (Figure 2B). PB/N1 had
the best quality in winter when the temperature was low, and the yield of cut flowers was
high in autumn. In summer, the number of petals on PB/N1 increased. The principal
components on PB/NA explained 93.6% of the cumulative variance; PC1 detailed 79.0%, ac-
counting for TE, SL, SD, FW and light intensity (LI), while PC2 indicated 14.6%, accounting
for yield (YI) and no. petals (PN) (Figure 2C). The quality of PB/NA was excellent in spring,
autumn, and winter, and in particular, the yield of cut flowers on PB/NA increased in
autumn. The principal components on PB/RI explained 92.8% of the cumulative variance;
PC1 detailed 72.5%, accounting for TE, LN, FW and the diameter of the lower neck (FSD),
while PC2 indicated 20.3%, accounting for yield (YI), stem diameter (SD) and petals (PN)
(Figure 2D). The quantity of PB/RI was the highest in autumn out of the four seasons, and
the quality of cut roses was excellent in spring and winter.
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Table 1. The quality and yield of cut roses for Rosa hybrida cv. Pink Beauty (PB) and PB grafted onto Rosa multiflora cv. Hort. No. 1 (PB/N1), PB grafted onto Rosa
canina cv. Natal brier (PB/NA), and PB grafted onto Rosa indica cv. Major (PB/RI) in four seasons [15].

Length of

Stem

Diameter of

Flower

Flower

Season Treatment Stem Length Flower Neck Diameter Flower Neck Height Diameter No. of Leaves  Fresh Weight No. of Petals Yield of Stem
(cm) (ea) (g) (ea) (/Plant)
(cm) (mm) (mm) (mm) (mm)
PB 54.8 + 4.0 ef 2 8.5+ 0.2 bc 55+03e 48+0.1cd 325+ 1.2ab 5.5+ 0.1 bc 89+06f 444 +48d 588+ 0.2bcd 4.9 & 0.9 bedef
Spring PB/N1 614+6.0c 9.0+ 0.2ab 5.8 & 0.4 cde 5.1+ 0.1 abc 33.6+1.0ab 5.6 =+ 0.2 abc 94+03def 53.0+7.0abc  562+13def 45+ 1.1cdef
PB/NA 708 +3.5a 94+06a 6.5 = 0.4 abc 5.3+ 0.2ab 314+12¢ 58+ 0.1ab 10.7 + 0.7 ab 59.7 4+ 6.7 ab 481+21i 40+ 1.1ef
PB/RI 654+ 1.1abc 87+ 0.2abc 6.6 + 0.4 ab 5.4+ 0.2ab 3444+08a 59+0.1a 9.9 + 0.5 cde 604+29a 50.5 + 0.8 ghi 43+ 0.7 def
PB 50.5 + 3.6 efg 78+03d 5.9 + 0.8 bcde 43+ 03ef 231+ 1.3d 46+02d 9.4 + 0.1 def 341+69e 56.5 + 2.4 cdef 36+04f
PB/N1 498 +24fg 74 +03de 5.9+ 0.2 cde 44401ef 22740.7d 4340.1d 9.4 + 0.4 def 329+12e 645+ 23a 39+09ef
Summer PB/NA 486+22g 80+ 0.6cd 54+06e 41+03f 2344+19d 47402d 81+01g 31.0+52e 52.2 4 0.5 fghi 3.9+ 0.7 ef
PB/RI 50.5 & 0.9 efg 70+£05e 6.3 & 0.4 abed 43+ 03ef 231+ 06d 46+04d 9.3 £ 0.2 def 354+43e 549 +22defg 40+ 03ef
PB 62.4 + 0.3 be 8.6+ 0.4 bc 6.3+ 0.1 abed 5.0 + 0.1 be 314+26¢ 5.5+ 0.4 bc 101+ 03bed  538+57abc  61.1+72abc 5.5+ 0.5abed
PB/N1 60.4 + 1.8 cd 9.1+0.6ab 5.7 £ 0.3 de 4.6 +0.2de 316+ 1.7¢ 54+00c 9.3 + 0.4 def 475+29cd 62.3 + 0.8 ab 66+01a
Autumn PB/NA 67.7 + 3.8 ab 9.1+ 05ab 6.5 + 0.2 abc 5.1 + 0.3 abc 329+ 1.1ab 5.7+ 03ab 109 +0.7a 59.14+2.6ab 537 +42efgh 57+ 05abc
PB/RI 65.3 & 0.2 abc 9.0+ 0.3 ab 63+0.1abcd 5.1+ 0.1abc 33.1+0.2ab 56+01abc  10.0+£01bed 597+18ab  551+26defg  62+02ab
PB 55.6 + 4.3 de 8.5+ 0.2 bc 5.7 + 0.2 de 49+401cd 332403 ab 5.5+ 0.1bc 9.1+ 0.5ef 465+39cd 585+ 1.0bcde 4.9 + 0.6 bedef
) PB/N1 63.3 & 3.3 bc 89+ 0.4 ab 6.0 £02bcde 5.1+ 0.1abc 325+ 0.2ab 5.5+ 0.2 bc 95+ 04def  51.9+27bed 561 +£20def 4.7+ 1.2cdef
Winter PB/NA 707 +3.1a 95+0.6a 6.4 + 0.2 abc 5.3+ 0.2ab 3224+ 1.0ab 60+0.1a 106 +05abc 578 +13ab 48.0 +2.3i 42 + 0.9 def
PB/RI 67.1+1.2ab 8.8+ 0.3 ab 6.7+03a 54+02a 332+ 1.5ab 58+ 0.1ab 10.1 £02bcd 588 +1.9ab 492+ 03hi 5.3+ 0.8abcde
Season 0.000 0.000 0.170 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Effect (p value) ¥ Rootstock 0.000 0.002 0.000 0.003 0.189 0.001 0.001 0.000 0.000 0.396
Interaction 0.001 0.329 0.011 0.010 0.297 0.676 0.000 0.019 0.084 0.657

“ Values followed by different letters within a column are significantly different (DMRT, p < 0.05. n = 15). ¥ p values were determined by two-way ANOVA.
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Table 2. The quality and yield of cut roses for Rosa hybrida cv. Pink Shine (PS) and PS grafted onto Rosa multiflora cv. Hort. No. 1 (PS/N1), PS grafted onto Rosa canina
cv. Natal brier (PS/NA), and PS grafted onto Rosa indica cv. Major (PS/RI) in four seasons.

Flower

S No. of Florets Stem Length Stem Diameter Flower Height . No. of Petals No. of Leaves Fresh Weight Yield of Stem
eason Treatment Diameter
(ea) (cm) (mm) (cm) (ea) (ea) (g) (/Plant)
(mm)
PS 7.2+ 0.1 abed Y 54.6 £ 5.3 cd 5.8 +£ 0.2 abc 2.5+ 0.0 bc 20.0 £ 0.3 abed 61.6 £2.2de 9.4 + 0.3 bc 775+ 14.5 ab 4.2 + 0.5 bedef
Spring PS/N1 7.3+ 0.3 ab 527 +£0.3cd 5.8 + 0.1 abc 244+00c¢ 21.2+0.1a 79.8 £ 3.3 abc 8.7 + 0.1 def 60.8 £1.0b 4.3 4+ 0.3 bcde
PS/NA 7.6 +0.6a 56.9 + 6.4 abcd 6.1+0.7a 244+0.0c 20.9 £ 1.0 ab 77.0 £+ 16.5 abcd 79+06f 62.7 £87b 4.0 + 0.7 bedef
PS/RI 77+04a 533 +6.3cd 5.6 + 0.3 abc 24+01c 20.0 £+ 0.5 abed 74.5 £+ 6.5 bed 83+05f 609 +9.1b 5.0+ 0.5ab
PS 58+ 02e 520+ 0.6 cd 51+0.1c 23+00c¢ 18.6 + 0.8 cde 499 + 4.0 ef 8.4 + 0.2 def 39.0+26¢ 4.4 + 0.8 abed
2 PS/N1 6.1+£03fg 49.34+0.8d 51+00c¢ 22+02c¢ 17.7 £ 15 efg 64.0 + 16.9 cde 824+03f 415+41c 53+03a
Summer PS/NA 6.2 + 0.4 efg 54.0 + 1.9 cd 52+02¢ 23+00¢ 16.6 + 0.6 fg 399 +14f 83+03f 398 +36¢ 49+0.1ab
PS/RI 6.3 £+ 0.6 defg 50.5+0.2d 5.2+ 0.1bc 234+0.0c 16.0+04¢g 492 £ 25ef 8.5+ 0.2 def 414 +18c 49+0.1ab
PS 7.2 £ 0.3 abc 642 +23a 63+03a 27+00a 18.7 + 1.1 bede 79.0 + 2.7 abc 105+ 03a 80.6 £34a 3.7 + 0.4 cdef
PS/N1 7.0 + 0.8 abcde 58.8 + 3.8 abc 62+ 0.8a 28+ 00a 19.6 + 0.5 abcd 89.7 £ 13.0 ab 9.4 + 0.8 bed 733+ 17.8 ab 49+09ab
Autumn PS/NA 7.2 £ 0.7 abc 62.8 5.7 ab 6.1+02a 29+01a 18.1 + 0.2 defg 67.8 £5.3cd 10.6 £0.7a 72.5 £ 13.6 ab 4.7 4+ 0.6 abc
PS/RI 6.8 £+ 0.2 abcdef 60.0 + 6.2 abc 6.0+ 03a 29+00a 18.9 + 0.7 abed 79.7 £ 5.4 abc 9.9 +£ 0.7 ab 714 +11.1ab 4.4+ 0.3 abed
PS 6.4 £ 0.6 cdefg 55.2 + 1.2 bed 5.6 £ 0.1 abc 2.7 £ 0.0 ab 20.1 + 0.3 abc 93.0+43a 9.9 £ 0.6 ab 64.3 £4.1ab 33+0.7ef
Winter PS/N1 6.5 £ 0.1 bedefg 534 +3.2cd 5.7 + 0.8 abc 2.7+ 02ab 20.1 & 2.5 abc 89.8 +£13.6 ab 8.4 + 0.6 ef 65.5 + 15.7 ab 31+05f
PS/NA 7.0 + 0.3 abcde 56.2 + 5.7 bed 6.0+ 04a 28+ 0.1a 19.6 + 1.1 abed 712+ 24 cd 9.3+ 0.5bcd 66.2 + 8.8 ab 3.4+ 0.9 def
PS/RI 6.9 £+ 0.2 abcdef 60.1 + 6.9 abc 59 +0.2ab 27+0.1a 19.5 + 1.2 abed 79.6 + 5.5 abc 9.7 £ 0.8 ab 65.1 £2.6ab 3.5 4+ 0.5 def
Season 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Effect(p value) * Rootstock 0.221 0.147 0.736 0.002 0.133 0.001 0.002 0.048 0.066
Interaction 0.801 0.783 0.863 0.027 0.547 0.098 0.027 0.731 0.251

* Adopted from Kwon and Choi (2022) [16]. ¥ Values followed by different letters within a column are significantly different (DMRT, p < 0.05. n = 15). * p values were determined by
two-way ANOVA.
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Figure 2. Biplot for the principal component analysis (PCA) of yield and growth on grafted standard
type rose Rosa hybrida cv. Pink Beauty in four seasons by rootstock type based on the data in Table 1
with the four seasons being identified by numbers 1 to 4 and yield and growth parameter being
identified by abbreviation. (A): cutting (Rosa hybrida cv. Pink Beauty); (B): Rosa hybrida cv. Pink
Beauty (PB) grafted onto rootstock of Rosa multiflora cv. Hort. No. 1 (N1) (PB/N1); (C): PB grafted
onto rootstock of Rosa canina cv. Natal brier (NA) (PB/NA); (D): PB grafted onto rootstock of Rosa
indica cv. Major (RI) (PB/RI). FD: flower diameter; FH: flower height; FSD: diameter of flower neck;
FSL: length of flower neck; FW: fresh weight; LI: light intensity; LN: no. of leaves; PN: no. of petals;
SD: stem diameter; SL: stem length; TE: temperature; YI: yield of stem.

3.3. Biplot Given by the Principal Component Analysis (PCA) of Yield and Growth of Grafted
Standard Type Rose Rosa Hybrida cv. Pink Shine in Four Seasons by Rootstock Type

A biplot analysis was performed with two main principle factors (PC1 and PC2)
for grafted PS by rootstock types during four seasons. The principal components on PS
explained 86.8% of the cumulative variance; PC1 detailed 65.5%, accounting for no. of
leaves (LN), flower height (FH) and stem length (SL), while PC2 indicated 21.3%, accounting
for yield (YI) and light (LI) (Figure 3A). PS gave a large number of cut flowers in summer
and many florets in spring and autumn. In winter, the stems became thicker and the number
of petals increased. The principal components on PS/N1 explained 85.7% of the cumulative
variance; PC1 detailed 68.3%, accounting for flower height (FH), flower diameter (FD) and
fresh weight (FW), while PC2 indicated 17.4%, accounting for yield (YI) (Figure 3B).
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Figure 3. Biplot for the principal component analysis (PCA) of yield and growth on grafted spray
type rose Rosa hybrida cv. Pink Shine in four seasons by rootstock type based on the data in Table 2
with the four seasons being identified by numbers 1 to 4 and yield and growth parameter being
identified by abbreviation. (A): cutting (PS); (B): PS grafted onto rootstock of Rosa multiflora cv. Hort.
No. 1 (N1) (PS/N1); (C): PS grafted onto rootstock of Rosa canina cv. Natal brier (NA) (PS/NA);
(D): PS grafted onto rootstock of Rosa indica cv. Major (RI) (PS/RI). FD: flower diameter; FH: flower
height; FN: No. of florets; FW: fresh weight; LI: light intensity; LN: No. of leaves; PN: no. of petals;
SD: stem diameter; SL: stem length; TE: temperature; YI: yield of stems.

In the spring and autumn when the light intensity was high, PS/N1 showed an
increased number of florets and a longer stem length. In winter, when the temperature
was low, the flower height and the number of petals increased. In summer, when the
temperature was high, the yield of cut flowers increased. The principal components on
PS/NA explained 86.7% of the cumulative variance; PC1 detailed 62.3%, accounting for
TE, SD and FW, while PC2 indicated 24.4%, accounting for YI, LN and PN (Figure 3C).
PS/NA showed better quality in spring, summer, and autumn, when the light intensity
was higher and the temperature was lower than in summer, and the yield of cut roses was
higher in summer and autumn. The principal components on PS/RI explained 94.4% of the
cumulative variance; PC1 detailed 68.7%, accounting for stem diameter (SD), fresh weight
(FW), no. of petals (PN) and temperature (TE), while PC2 indicated 25.7%, accounting for
no. of flowers, FN and light (LI) (Figure 3D). PS/RI showed excellent quality in the winter
when the temperature was low, and the yield of cut roses increased in the summer and
spring, when the temperature was high.

3.4. Greenhouse Biplot of the Principal Component Analysis (PCA) of Yield and Growth of Grafted
Standard Type Rose Rosa Hybrida cv. Pink Beauty between Rootstock Types in Four Seasons

A biplot analysis was performed with two main principle factors (PC1 and PC2) of
the growth parameter for grafted PB between rootstock types during four seasons. The
principal components in spring explained 97.0% of the cumulative variance; PC1 detailed
78.0%, accounting for no. of petals (PN), yield (YI), stem length (SL), and flower weight
(FW), while PC2 indicated 19.0%, accounting for FD (Figure 4A).
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Figure 4. Biplot of the principal component analysis (PCA) of yield and growth of grafted standard
type rose Rosa hybrida cv. Pink Beauty between rootstock types in four seasons based on the data
in Table 1 with cutting and grafted rose being identified by numbers 1 to 4 and yield and growth
parameter being identified by abbreviation. (A): spring; (B): summer; (C): autumn; (D): winter. PB:
cutting on Rosa hybrida cv. Pink Beauty; PB/N1: Rosa hybrida cv. Pink Beauty grafted onto rootstock
of Rosa multiflora cv. Hort No 1; PB/NA: Rosa hybrida cv. Pink Beauty grafted onto rootstock of Rosa
canina cv. Natal brier; PB/RI: PB grafted onto rootstock of Rosa indica cv. Major. FD: flower diameter;
FH: flower height; FSD: diameter of flower neck; FSL: length of flower neck; FW: fresh weight; LN:
no. of leaves; PN: no. of petals; SD: stem diameter; SL: stem length; YI: yield of stem.

Compared to PB in spring, PB/NA showed a longer stem length, and PB/RI showed
improved quality, such as an increased weight as the stem and flower thickness increased.
However, the number of cut flowers of grafted roses decreased. The principal components
in summer explained 84.9% of the cumulative variance; PC1 detailed 52.5%, accounting
for stem diameter (SD), diameter of flower neck (FSD), no. of leaves (LN), fresh weight
(FW) and stem length (SL), while PC2 indicated 32.4%, accounting for flower diameter
(FD), flower height (FH) and yield (YI) (Figure 4B). In summer, when the temperature was
high, PB/N1 showed more petals and a greater yield of cut flowers compared to PB. The
principal components in autumn explained 96.3% of the cumulative variance; PC1 detailed
73.5%, accounting for fresh weight (FW), stem length (SL), flower height (FH), and no. of
leaves (LN), while PC2 indicated 21.8%, accounting for yield (YI) and no. of petals (PN)
(Figure 4C). In autumn, PB/RI and PB/NA had longer and heavier stems than PB, and
PB/N1 showed more cut flowers than PB. The principal components in winter explained
95.8% of the cumulative variance; PC1 detailed 80.0%, accounting for stem diameter (SD),
flower height (FH) stem length (SL) and no. of flowers (PN), while PC2 indicated 15.8%,
accounting for flower diameter (FD) and yield (YI) (Figure 4D). In winter, PB/N1 showed
an increased yield of cut roses compared to PB, PB/NA showed longer flower necks and
greater flower heights than PB, and PB/RI showed improved flower diameter and stem
thickness compared to PB.
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3.5. Biplot of the Principal Component Analysis (PCA) of Yield and Growth of Grafted Spray Type
Rose Rosa hybrida cv. Pink Shine between Rootstock Types in Four Seasons

A biplot analysis was performed with two main principle factors (PC1 and PC2) of
the growth parameter for the grafted cut rose PS between rootstock types during four
seasons. The principal components in spring explained 84.5% of the cumulative variance;
PC1 detailed 53.3%, accounting for no. of petals (PN), no. of flowers (FN), fresh weight
(FW), flower height (FH) and no. of leaves (LN), while PC2 indicated 31.2%, accounting for
stem length (SL), stem diameter (SD) and yield (YI) (Figure 5A). Grafted cut roses showed
increased numbers of florets and petals in spring. In particular, PS/NA showed longer and
thicker stems compared to PS, and PS/RI increased its yield of cut flowers compared to PS
(Table 2, Figure 5A).
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Figure 5. Biplot of the principal component analysis (PCA) of yield and growth of grafted spray
type Rosa hybrida cv. Pink Shine between rootstock type in four seasons based on the data in Table 1
with cutting and grafted rose being identified by numbers 1 to 4 and yield and growth parameter
being identified by abbreviation. (A): spring; (B): summer; (C): autumn; (D): winter. PS: cutting on
rosa hybrida cv. Pink Shine; PS/N1: Rosa hybrida cv. Pink Shine (PS) grafted onto rootstock of Rosa
multiflora cv. Hort. No. 1; PS/NA: PS grafted onto rootstock of Rosa canina cv. Natal brier; PS/RI: PS
grafted onto rootstock of Rosa indica cv. Major. FD: flower diameter; FH: flower height; FN: no. of
florets; FW: fresh weight; LI: light intensity; LN: no. of leaves; PN: No. of petals; SD: stem diameter;
SL: stem length; TE: temperature; YI: yield of stem.

The principal components in summer explained 86.7% of the cumulative variance;
PC1 detailed 52.5%, accounting for stem diameter (SD), no. of leaves (LN), fresh weight
(FW), and stem length (SL), while PC2 indicated 32.4%, accounting for flower diameter
(FD), flower height (FH) and yield (YI) (Figure 5B). In summer, the numbers of petals
and cut flowers of PS/N1 were higher than those of PS (Table 2, Figure 5B). The principal
components in autumn explained 96.3% of the cumulative variance; PC1 detailed 73.5%,
accounting for flower weight (FW), stem length (SL), flower height (FH) and no. of leaves
(LN), while PC2 indicated 21.8%, accounting for length of flower neck (FSL), yield (YI) and
no. of petals (PN) (Figure 2C). In autumn, PS/RI and PS/NA showed longer and heavier
stems than PS, and PS/N1 showed an increased yield of cut flower compared to PS. The



Agriculture 2022, 12, 1848

11 of 15

principal components in winter explained 95.8% of the cumulative variance; PC1 detailed
80.0%, accounting for stem diameter (SD), flower height (FH), no. of petals (PN) and stem
length (SL), while PC2 indicated 15.8%, accounting for flower diameter (FD) and yield (YI).
In winter, the yield of cut flowers of PS/NI1 increased compared to PS, PS/NA showed
greater flower heights and thicker stems than PS, and PS/RI showed thicker flowers and
stems than PS.

3.6. Biplot of the Principal Component Analysis of Total Yield and Growth on Grafted Cut Rose
Rosa hybrida cv. Pink Beauty and Pink Shine between Rootstock Types Year-Round

A biplot analysis was performed with two main principle factors (PC1 and PC2)
for grafted PB by rootstock types year-round (Figure 6A). The principal components in
winter explained 93.2% of the cumulative variance; PC1 detailed 72.3%, accounting for
stem diameter (SD), flower height (FH), no. of petals (PN) and yield (YI), while PC2
indicated 20.9%, accounting for flower diameter (FD) and length of flower neck (FSL).
When comparing the total yield of cut flowers and the quality of the cuttings for three roses
grafted on PB in one year, PB/NA and PB/RI showed higher quality, with improved stem
length and stem diameter compared to PB. In particular, PB/NA showed the excellent
effect of an elongated stem length, and PB/RI showed a greater width of flowers and
stems (Table 2, Figure 6A). The biplot analysis performed with two main principle factors
(PC1 and PC2) for grafted PS by rootstock types year-round (Figure 6B). The principal
components in winter explained 91.3% of the cumulative variance; PC1 detailed 52.4%,
accounting for stem diameter (SD), flower diameter (FD) and stem diameter (SD), while
PC2 indicated 38.9%, accounting for no. of leaves (LN) and yield (YI). When comparing
the cuttings and three grafted roses of PB, the yield of cut flowers on the grafted roses
was improved. Additionally, PS/NA showed an improved quality via stem length and
diameter, and PS/N1 showed an increased number of petals and thicker flower diameter
(Table 2, Figure 6B).
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Figure 6. Biplot of the principal component analysis (PCA) of total yield and growth on grafted cut
rose Rosa hybrida cv. Pink Beauty and Pink Shine between rootstock types year-round based on the
data in Table 1, 2 with cutting and grafted rose being identified by numbers 1 to 4 and yield and
growth parameter being identified by abbreviation. (A): cutting and grafted roses on rosa hybrida
cv. Pink Beauty; (B): cutting and grafted roses on rosa hybrida cv. Pink Shine. PB: cutting on the rosa
hybrida cv. Pink Beauty; PB/N1: Rosa hybrida cv. Pink Beauty grafted onto rootstock of Rosa multiflora
cv. Hort No 1; PB/NA: Rosa hybrida cv. Pink Beauty grafted onto rootstock of Rosa canina cv. Natal
brier; PB/RI: Rosa hybrida cv. Pink Beauty grafted onto rootstock of Rosa indica cv. Major. PS: cutting



Agriculture 2022, 12, 1848

12 of 15

on the rosa hybrida cv. Pink Shine; PS/N1: Rosa hybrida cv. Pink Shine grafted onto rootstock of Rosa
multiflora cv. Hort. No. 1; PB/NA: Rosa hybrida cv. Pink Shine grafted onto rootstock of Rosa canina cv.
Natal brier; PB/RI: Rosa hybrida cv. Pink Shine grafted onto rootstock of Rosa indica cv. Major. FN: No.
of florets; FD: flower diameter; FH: flower height; FSD: diameter of flower neck; FSL: length of flower
neck; FW: fresh weight; LN: no. of leaves; PN: no. of petals; SD: stem diameter; SL: stem length; YI:
yield of stem.

4. Discussion

Recently, cut rose varieties have been bred in Korea [26-28]. However, newly bred rose
varieties do not adapt well to negative environments, such as high and low temperatures
and low light intensity. As a result of this experiment, it was confirmed that the adaptability
to negative environments was increased by grafting the cut roses that are poorly adapted
to the environment (Tables 1 and 2). Similar to our results, when grafting plants that
have a good characteristic but are vulnerable to the environment, the quality and yield
of cut roses can be improved by enhancing their adaptability to negative environments,
such as high temperatures [29,30], low temperatures [31] and low light intensity [32].
According to previous reports on the advantage of grafting, the effect of grafting depends
on the characteristics of the scion and root [11], and the characteristics of the rootstock are
expressed differently on grafted cut roses depending on the type of scion [33]. In other
words, in order to maximize the effect of grafting, it is very important to ensure mutual
bonding between the scion and the rootstock. However, research reports on the quality
characteristics of flowers of grafted cut roses are rare. Additionally, the degree of mutual
bonding between the scion and the rootstock tends to vary depending on the cultivation
environment’s conditions.

PCA analysis was used not only to classify genetic resources for breeding through
correlation analysis on various traits [24], but also to select breeds suitable for regions with
different environmental conditions [34]. Therefore, in this study, we have confirmed using
PCA analysis that the different effects of grafting depend on the cut rose varieties and
rootstock types used during four seasons.

The PB variety showed the best growth in the autumn, when the light intensity was
high and the average temperature was relatively low (Table 1, Figures 1 and 2A). In addition,
growth was good even in winter, when both light intensity and temperature were low, but
all growth was lowered in summer when the temperature was high. Therefore, the PB
variety is considered to be a more adaptable variety in a low temperature environment.
PB/N1 showed longer stems and more leaves than the PB scion in spring and winter
(Figure 2A,C). The quality of cut flowers on PB/NA was improved compared to the PB scion
in spring, autumn and winter, and the stems were especially long (Figures 2A,C,D and 6A).
Additionally, PB/RI showed improved quality in spring, autumn, and winter compared to
the PB scion, and in particular, the stem became longer and thicker.

The PS spray-type cut rose showed long stems and a lot of florets in spring and
autumn, when the light intensity was high (Table 2, Figures 1 and 3A). However, the
PS produced a large number of cut flowers in the summer when the temperature was
high (Table 2, Figures 1 and 3B). This may be because the PS, a spray rose, belongs to the
floribunda rose line, a garden rose that is adaptable to harsh environments [26,35].

The grafted PS showed a greater yield of cut flowers than the non-grafted PS (Table 2, Figure 6B).
In particular, PS/RI showed a higher yield of cut flowers than the PS scion in all seasons
(Table 2, Figure 5). PS/NA showed longer stems than the PS scion, and PS/RI gave thicker
stems than the PS scion. PS/N1 gave more petals than the PS scion (Figure 6B).

In order to prevent the temperature inside the greenhouse from rising due to the high
summer temperatures in Korea, shading is implemented as a general method of cultivation,
which creates an unsuitably low light intensity condition for roses. Due to these summer
growth environmental characteristics, cut flowers, such as PB scion grafted onto rootstocks,
did not grow normally in the environment of high temperatures and low light intensity
in summer. Similar to our results, it was reported that high temperatures and low light
intensity inhibit the growth of roses [36].
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It was confirmed that the growth and yield of grafted cut roses were different according
to the type of scion and rootstock due to different environmental characteristics in the
seasons, such as in winter, autumn and spring. In addition, it is known that the effect of
grafting on the quality and yield of cut flowers differs due to the interactions of types and
amounts of hormones, such as auxin, gibberelin, and cytokinen, produced at different levels
depending on the type of scion and the rootstock [37-39]. Although it was not possible
to analyze the hormones generated in the grafted roses in this experiment, it is known
that gibberellin promotes stem elongation, auxin thickens stems, and cytokinin improves
yield [40,41]. Based on the growth responses of grafted roses according to these hormones,
it is judged that the grafting of cut roses, such as in scion/NA rootstock, promotes the
production of gibberellins, increasing the adaptability to relatively high temperatures. In
addition, it is considered that grafted cut rose, such as scion/RI rootstock, promote the
production of gibberellins, auxins, and cytokinins, while improving their adaptability to
relatively low temperatures.

Therefore, it is thought that the differences in the mutual bonding and grafting effi-
ciency of scion and rootstock according to the season in our experiment are due to changes
in the amounts of hormone secretion.

5. Conclusions

The conclusions on the grafting effect of the cut roses grafted onto three different
rootstocks over four seasons are as follows: First, the quantity and yield of roses vary
depending on the variety and the seasons, which showed changes in temperature and light
intensity. Second, the grafting effect varies depending on the types of rootstock and the
differences in cultivation environmental conditions. Third, cut roses grafted onto the Rosa
canina cv. Natal brier (NA) showed improved stem lengths, with increased adaptability
to relatively high temperatures, and the Rosa indica cv. Major (RI) showed improved stem
lengths and stem diameters, with enhanced adaptability to relatively low temperatures.
Finally, since the effect of grafting differs depending on the type of rootstock, it should be
applied after properly considering the effects and the timing required by the variety.

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

1.  Ferrante, A.; Mariani, L. Agronomic management for enhancing plant tolerance to abiotic stresses: High and low values of
temperature, light intensity, and relative humidity. Horticulturae 2018, 4, 21. [CrossRef]

2. Qi, W.; Zhang, C.; Wang, W.; Cao, Z; Li, S.; Li, H.; Zhu, W.,; Huang, Y.; Bao, M.; He, Y. 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]

3. 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, 1-9. [CrossRef]


http://doi.org/10.3390/horticulturae4030021
http://doi.org/10.1016/j.hpj.2021.03.004
http://doi.org/10.3906/bot-1404-115

Agriculture 2022, 12, 1848 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

Rezaee, R.; Vahdati, K.; Grigoorian, W.; Valizadeh, M. Walnut grafting success and bleeding rate as affected by different grafting
methods and seedling vigor. J. Hortic. Sci. Biotechnol. 2008, 83, 94-99. [CrossRef]

Thapa, R.; Thapa, P.; Ahamad, K.; Vahdati, K. Effect of grafting methods and dates on the graft take rate of Persian walnut in
open field condition. Int. J. Hortic. Sci. 2021, 8, 133-147.

Sadeghi-Majd, R.; Vahdati, K.; Roozban, M.R.; Arab, M.; Stityemez, M. Optimizing environmental conditions and irrigation
regimes can improve grafting success in Persian walnut. Acta Sci. Pol.-Hortorum Cultus 2022, 21, 43-51. [CrossRef]

Huang, Y.; Tang, R.; Cao, Q.L.; Bie, Z.L. Improving the fruit yield and quality of cucumber by grafting onto the salt tolerant
rootstock under NaCl stress. Sci. Hortic. 2009, 122, 26-31. [CrossRef]

Ruiz, ].M.; Belakbir, A.; Lopez-Cantarero, I.; Romero, L. Leaf-macronutrient content and yield in grafted melon plants. A model
to evaluate the influence of rootstock genotype. Sci. Hortic. 1997, 71, 227-234. [CrossRef]

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

National Agricultural Products Quality Management Service (NAQS). National Agricultural Products Quality Management.
Available online: https://www.nags.go.kr/eng/contents/contents.do?menuld=MN20674 (accessed on 14 October 2020).
Cabrera, R.I. Rose yield, dry matter partitioning and nutrient status responses to rootstock selection. Sci. Hortic. 2002, 95, 75-83.
[CrossRef]

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

Romero, L.; Belakbir, A.; Ragala, L.; Ruiz, ].M. Response of plant yield and leaf pigments to saline conditions: Effectiveness of
different rootstocks in melon plants (Cucumis melo L.). Soil Sci. Plant Nutr. 1997, 43, 855-862. [CrossRef]

Ruiz, ].M.; Blasco, B.; Rivero, R.M.; Romero, L. Nicotine-free and salt tolerant tabacco plants obtained by grafting to salinita-
resistant rootstocks of tomato. Physiol. Plant. 2005, 124, 465-475. [CrossRef]

Kwon, O.H.; Choi, H.G,; Kim, SJ; Lee, Y.R,; Jung, H.H.; Park, K.Y. Changes in yield, quality, and morphology of three grafted cut
roses grown in a greenhouse year-round. Horticulturae 2022, 8, 655. [CrossRef]

Kwon, O.H.; Choi, H.G. Yield, flower quality, and photo-physiological responses of cut rose flowers grafted onto three different
rootstocks in summer season. Agronomy 2022, 12, 1468. [CrossRef]

Abdi, H.; Williams, L.J. Principal component analysis. Wiley Inter-discip. Rev. Comput. Stat. 2010, 2, 433—459.

Mishra, S.; Sarkar, U.; Taraphder, S.; Datta, S.; Swain, D.; Saikhom, R. Multivariate statistical data analysis- principal component
analysis (PCA). Int. ]. Livest. Res. 2017, 7, 60-78.

Aslam, M.; Magbool, M.A.; Zaman, Q.U.; Shahid, M.; Akhtar, M.A.; Rana, A.S. Comparison of different tolerance indices and
PCA biplot analysis for assessment of salinity tolerance in lentil (Lens culinaris) genotypes. Int. J. Agric. Biol. 2017, 19, 470-478.
[CrossRef]

Sena, M.M,; Frighetto, R.T.S.; Valarini, O.].; Tokeshi, H.; Poppi, R.J. Discrimination of management effects on soil parameters by
using principal component analysis: A multivariate analysis case study. Soil Tillage Res. 2002, 67, 171-181. [CrossRef]

Ferrer, V,; Paymal, N.; Quinton, C.; Costantino, G.; Paoli, M.; Froelicher, Y.; Ollitrault, P.; Tomi, F.; Luro, F. Influence of the
rootstock and the ploidy level of the scion and the rootstock on sweet orange (Citrus sinensis) peel essential oil yield, composition
and aromatic properties. Agriculture 2022, 12, 214. [CrossRef]

Zouaghi, G.; Najar, A.; Aydi, A.; Claumann, C.A.; Zibetti, A.W.; Ben Mahmoud, K. Essential oil components of citrus cultivar

‘maltaise demi sanguine’ (Citrus sinensis) as affected by the effects of rootstocks and viroid infection. Int. J. Food Prop. 2019, 22,

438-448. [CrossRef]

Mady, E.A.; Uguru, M.L; Ugwoke, K.I. Interrelations of growth and disease expression in pepper using principal component
analysis. Afr. ]. Biotechnol. 2006, 5, 1054-1057.

Hanci, F.; Gokce, A.F. Genetic diversity evaluations in Turkish onion (Allium cepa L.) genotypes: Principal component analyses
(PCA) for breeding strategies. Acta Hort. 2016, 1143, 227-234. [CrossRef]

Ehsanirad, A. Plant Classification Based on Leaf Recognition. Int. ]. Comput. Sci. Inf. Secur. 2010, 8, 78-81.

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

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

Park, K.Y; Yoo, B.S.; Kwon, O.H.; Lee, H.]J.; Jung, H.H. Breeding of standard rose cultivar “White Beauty” with white color and
high productivity. Hortic. Sci. Technol. 2019, 37, 779-786.

Palada, M.C.; Wu, D.L. Evaluation of chili rootstocks for grafted sweet pepper production during the hot-wet and hot-dry seasons
in Taiwan. Acta Horticult. 2008, 767, 151-157. [CrossRef]

Palada, M.C.; Wu, D.L. Grafting Sweet Peppers for Production in the Hot-Wet Season; AVRDC-The World Vegetable Center:
Southern, Taiwan, 2009.

Riga, P. Effect of rootstock on growth, fruit production and quality of tomato plants grown under low temperature and light
conditions. Hortic. Environ. Biotechnol. 2015, 56, 626—638. [CrossRef]


http://doi.org/10.1080/14620316.2008.11512352
http://doi.org/10.24326/asphc.2022.2.4
http://doi.org/10.1016/j.scienta.2009.04.004
http://doi.org/10.1016/S0304-4238(97)00106-4
https://www.naqs.go.kr/eng/contents/contents.do?menuId=MN20674
http://doi.org/10.1016/S0304-4238(02)00020-1
http://doi.org/10.1080/00380768.1997.10414652
http://doi.org/10.1111/j.1399-3054.2005.00532.x
http://doi.org/10.3390/horticulturae8070655
http://doi.org/10.3390/agronomy12061468
http://doi.org/10.17957/IJAB/15.0308
http://doi.org/10.1016/S0167-1987(02)00063-6
http://doi.org/10.3390/agriculture12020214
http://doi.org/10.1080/10942912.2019.1588296
http://doi.org/10.17660/ActaHortic.2016.1143.33
http://doi.org/10.11623/frj.2020.28.3.15
http://doi.org/10.11623/frj.2020.28.3.17
http://doi.org/10.17660/ActaHortic.2008.767.14
http://doi.org/10.1007/s13580-015-0042-0

Agriculture 2022, 12, 1848 15 of 15

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Kwack, Y.; Park, S.W.; Chun, C. Growth and development of grafted cucumber transplants as affected by seedling ages of scions
and rootstocks and light intensity during their cultivation in a closed production system. Hortic. Sci. Technol. 2014, 32, 600-606.
[CrossRef]

CUS, F. The effect of different scion/rootstock combinations on yield properties of cv. ‘Cabernet Sauvignon’. Acta Agric. Slov.
2004, 83, 63-71.

Ramburan, S.; Zhou, M.; Labuschagne, M. Interpretation of genotype x environment interactions of sugarcane: Identifying
significant environmental factors. Field Crop. Res. 2011, 124, 392-399. [CrossRef]

Praveen, T.M.; Patil, S.R.; Patil, B.C.; Seetharamu, G.K.; Rudresh, D.L.; Pavankumar, P.; Patil, R.T. Influence of biostimulants on
growth and yield of floribunda rose cv. Mirabel. . Pharmacogn. Phytochem. 2021, 10, 2701-2705.

Dieleman, ]J.A.; Meinen, 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]

Albacete, A.; Ghanem, M.E.; Martinez-Andujar, C.; Acosta, M.; Sanchez Bravo, J.; Martinez, V.; Lutts, S.; Dodd, I.C.; Perez-Alfocea,
F. Hormonal changes in relation to biomass partitioning and shoot growth impairment in salinized tomato (Solanum lycopersicum
L.) plants. J. Exp. Bot. 2008, 59, 4119-4131. [CrossRef] [PubMed]

Aloni, B.; Cohen, R.; Karni, L.; Aktas, H.; Edelstein, M. Hormonal signaling in rootstock-scion interactions. Sci. Hortic. 2010, 127,
119-126. [CrossRef]

Tanimoto, E. Regulation of root growth by plant hormones—Roles for auxin and gibberellin. Crit. Rev. Plant Sci. 2005, 24, 249-265.
[CrossRef]

Yamaguchi, S. Gibberellin metabolism and its regulation. Annu. Rev. Plant Biol. 2008, 59, 225-251. [CrossRef]

Challer, G.E.; Bishopp, A.; Kieber, ].J. The yin-yang of hormones: Cytokinin and auxin interactions in plant development. Plant
Cell. 2015, 27, 44-63. [CrossRef]


http://doi.org/10.7235/hort.2014.14039
http://doi.org/10.1016/j.fcr.2011.07.008
http://doi.org/10.1016/j.scienta.2007.03.004
http://doi.org/10.1093/jxb/ern251
http://www.ncbi.nlm.nih.gov/pubmed/19036841
http://doi.org/10.1016/j.scienta.2010.09.003
http://doi.org/10.1080/07352680500196108
http://doi.org/10.1146/annurev.arplant.59.032607.092804
http://doi.org/10.1105/tpc.114.133595

	Introduction 
	Materials and Methods 
	Plant Materials and Growth Conditions 
	Yield and Quality 
	Experimental Design and Statistical Analysis 

	Results 
	Yield and Quality of Cut Roses 
	Biplot Given by the Principal Component Analysis (PCA) of Yield and Growth on Grafted Standard Type Rose Rosa Hybrida cv. Pink Beauty 
	Biplot Given by the Principal Component Analysis (PCA) of Yield and Growth of Grafted Standard Type Rose Rosa Hybrida cv. Pink Shine in Four Seasons by Rootstock Type 
	Greenhouse Biplot of the Principal Component Analysis (PCA) of Yield and Growth of Grafted Standard Type Rose Rosa Hybrida cv. Pink Beauty between Rootstock Types in Four Seasons 
	Biplot of the Principal Component Analysis (PCA) of Yield and Growth of Grafted Spray Type Rose Rosa hybrida cv. Pink Shine between Rootstock Types in Four Seasons 
	Biplot of the Principal Component Analysis of Total Yield and Growth on Grafted Cut Rose Rosa hybrida cv. Pink Beauty and Pink Shine between Rootstock Types Year-Round 

	Discussion 
	Conclusions 
	References

