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Abstract

Woody cutting is customarily utilized as a material in research on grape adventitious root formation (ARF). However,
phenotypic heterogeneity caused by the complex background influenced its use for molecular mechanism research of ARF
of grape. The present study tested various types of explants from grape tissue culture plantlets and found that the whole
leaf: blade with the petiole (LP) was the simplest unit that can easily form adventitious roots (ARs). LP explants which
can be easily obtained, directly generate ARs via de novo organogenesis from the base of the petiole. Plantlet age, node
position, blade size, the health condition of leaves, and light intensity have been demonstrated to affect the homogeneity
of the ARF phenotype in LP. By controlling these parameters, selected LPs cultured on a medium with 6 g-L! agar and
10 g-L"! sucrose under dark conditions started rooting at 6-7 days after culture (DAC) and reached 100% rooting rate
within 13-14 DAC. Using this system, the core role of auxin on ARF was verified by exogenous application of indole
butyric acid (IBA) and N-1-naphthylphthalamic acid (NPA). Strikingly, we found that light promoted ARF in the absence
of sucrose, but inhibited ARF in the presence of sucrose (10 g-L!), while a low concentration of 0.34 uM NPA partially
relieved the inhibition. Finally, this study confirmed that exogenous plant growth regulators (PGRs), including 6-benzyl
aminopurine (6-BA), gibberellic acid 3 (GA;), and 2,4-epibrassinolide (EBR), significantly inhibited ARF. This simple,
rapid, quantifiable ARF research system provides a new approach to studying the factors influencing the formation and
development of grape adventitious roots and establishes a framework for investigating the mechanism of grape adventi-
tious root induction and initiation.
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Introduction

Grape (Vitis sp.) is one of the most economically important
crops and occupies a pivotal position in the global fruit mar-
ket. As perennial vines, the propagation of grapes is conven-
tionally used by dormant hardwood cuttings that are taken
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from the current season’s canes. Cutting propagation guar-
antees characteristics of species or new varieties. In asex-
ual propagation, adventitious root formation (ARF) is the
premise of successful propagation (Steffens and Rasmus-
sen 2016). However, adventitious roots are difficult to be
induced in many grape species or varieties with important
breeding utilization, such as V. davidii, V. quinquangularis
(syn. V. kiusiana), and V. amurensis which are wild grapes
native to East Asia (Shiozaki et al. 2013). The V. rotundifo-
lia (Muscadine) (Castro et al. 1994), V. champinii, V. aesti-
valis (Keeley et al. 2004), V. berlandieri (Kracke et al. 1981;
Smart et al. 2003), and some cultivars of V. vinifera are also
known to be difficult to root from their woody cuttings.

In model plants, the formation of AR can be divided
into three stages: induction, initiation, and expression (da
Costa et al. 2013; Joshi and Ginzberg 2021). It is essen-
tially a regenerative process that involves reprogramming
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cells and changes in cell fate, and the primary induction
signal is wounding (Xu 2018). Environmental conditions,
exogenous application, and endogenous biochemical sub-
stances all have an important influence on AR formation.
Auxin plays a central role, and numerous inducible fac-
tors that respond to ARF will eventually be reflected in the
concentration, transport, or homeostasis changes of auxin
(Gonin et al. 2019). ARF also depends to a large extent on
the nutritional status of the mother plant, including miner-
als and carbohydrates, and sink establishment at the rooting
zone (Chen et al. 2014; Ahkami et al. 2013). The presence
of some inhibitors may also make ARF difficult to achieve
in some species. In addition, ethylene, cytokinin, jasmonic
acid, gibberellin, abscisic acid, brassinolide, strigolactone,
and other biochemical substances may regulate the pro-
duction of ARs through molecular processes and crosstalk.
These substances may both promote and inhibit ARF, which
appears to depend on hormone type, dose, or species (Ban-
noud and Bellini 2021; Di Battista 2019; Omoarelojie 2021;
Sharma et al. 2021).

In studies on grape adventitious roots, hardwood cuttings
with dormant buds and greenwood leafy cuttings are usually
utilized Jaleta 2019; Kaur et al. 2002; Thomas et al. 2003;
Thomas and Schiefelbein 2004 ). Nevertheless, cuttings are
a highly complex system in which endogenous hormone lev-
els, transport, dormancy, storage, and inhibitory compounds
affect adventitious root formation and growth, all of which
depend on pretreatment (Smart et al. 2003). Moreover, the
sprouting of buds on cuttings may affect rooting (Zhou et al.
2020; Smart et al. 2003), and the acquisition of cuttings has
seasonality. These factors make it difficult to investigate the
function and molecular regulatory mechanism of the factors
affecting ARF in grapes by using cuttings.

Blade or whole leaves of Arabidopsis were utilized for
adventitious root regeneration studies (Chen et al. 2014;
Bustillo-Avendano et al. 2018), which is probably the small-
est and simplest unit that can form ARs, and without the
influence of sprouting. Nevertheless, the system has not
been applied to grapes. Referring to this method, we found
that ARs were regenerated when whole grape leaves (leaf
with petiole, LP) were used without any added nutrients and
hormones. We described some internal factors affecting the
ARF of LP in grapes. Using this system, the role of auxin,
carbohydrate, light, and exogenous plant growth regulators
has been tested on grape ARF.
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Materials and methods
Plant materials and culture conditions

Nine-year-old Vitis labruscana x Vitis vinifera ‘Shine Mus-
cat’ (SM) and ‘Summer Black’ (SB), which were planted in
aresearch field at Hunan Agricultural University (Changsha,
China) were used in this experiment. Woody current canes
with 3—5 nodes (N3, N4 and N5) were obtained from these
vines in October 2020. Canes were then cut into single bud
stem segments, placed into glass bottles with clear water,
and cultured in a plant tissue culture chamber at 25°C with
a 16-h light (4000 1x, cool white fluorescent lamp) and 8-h
dark photoperiod. Rooting data were recorded daily. The
cutting with root (> 1 mm) was classified as a rooted cutting.

The explants of single bud stem section with leaf (SBS-
L), single bud stem section (SBS), whole leaf (called a leaf
with petiole, LP), blade (B), petiole (P), and stem section
(SS) were obtained from field or tissue culture plants. The
AR induction medium and culture conditions were changed
according to the experiment. Without special instructions,
the basic medium was 6 g-L™! plant agar without (A) or with
10 g-L"! sucrose (A+S), the pH value was adjusted to 5.8,
and the culture conditions were 25°C with 16 h photope-
riod irradiance of 4000 Ix (expressed by Light) or 24 h-dark
(expressed by Dark).

In the field, leaves on a 9-year-old grapevine or 2-year-
old cutting propagation plant of ‘Summer Black’ were also
used in this experiment. From the top to the base, leaves
at different nodes were cultured on medium A under the
culture conditions mentioned above. Grape tissue culture
explants from varieties ‘Vidal blanc’ were preserved in our
laboratory. The medium for propagation was the base of
Woody Plant Medium (WPM) with 10 g-L! sucrose and
3 g-L"! activated carbon (WPM +S +AC). With no special
description, the LP was taken from the 45-60-day-old tissue
culture plantlets.

Hormonal and inhibition treatments

Exogenous plant growth regulators (PGRs) were used to
investigate the effects of different hormones on grape ARF.
Exogenous auxin (indole butyric acid, IBA) and N-1-naph-
thylphthalamic acid (NPA), a polar auxin transport inhibi-
tor, were utilized to investigate the key functions of auxin
in ARF. Cytokinin (6-benzaminopurine, 6-BA), ethephon
(ET), abscisic acid (ABA), gibberellin acid 3 (GA;), jas-
monic acid methyl ester (MeJA), and 2,4-epibrassinolide
(EBR) were purchased from Sigma-Aldrich or Solarbio and
used to investigate the effect on ARF in grapes.
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ARF phenotype observation and analysis of AR protrusions (at the expression stage) observed under
a stereomicroscope (SZX7, Olympus). The proportion of
The phenotype of ARF was determined by the appearance  explants with the ARF phenotype was defined as the rooting

Fig. 1 The phenotypic
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rate, and the AR data curve was made by the dynamic change
in rooting rate daily (day after culture, DAC) (Fig. S1).

Statistical analysis

Data values were statistically analyzed by ANOVA with
Duncan’s multiple range test, using SPSS Statistics 20 soft-
ware (IBM). Significant differences were collected with a
5% level of significance (P-value,0.05).

Results

Phenotypic heterogeneity of ARF in hardwood
cuttings

The rooting of hardwood cuttings taken from nodes 3 to 5
(N3, N4, and N5) of Shine Muscat (SM) and Summer Black
(SB) was investigated (Fig. 1(a) and (b)). Cuttings of the
two cultivars were rooted after 22 DAC (F=22 DAC). The
ARF phenotype of SB was more consistent than SM, Ugg =
90 ~98%, and Ugy; = 53 ~75% at 38 DAC. The rooting rate
of SM was different in nodes. The N5 was higher than N3
and N4. From the first root induced to the stable rooting rate,
Sgp and Sgy; were taken for 16 days (S=16 days). In addi-
tion, the standard deviation (E) of the rooting rate among
the samples was large. Some of them were more than 22%.
At the same time, there was also inconsistent rooting and
sprouting in cuttings from the same node (Fig. S2).

Field and tissue culture materials were used to obtain dif-
ferent types of explants to study the phenotypic heterogene-
ity of ARF. Young and mature leaves (Blade or LP) were
taken from top to base of current canes of SB and cultured
on medium A or A with 0.48 uM IBA (A+IBA0.48) in
light. After 60 days, till the leaves were scorched, no ARs
appeared (Fig. S3). Then, the SBS explants from different
nodes of the tissue culture plant were utilized for calculat-
ing the heterogeneity of ARF. Results showed that the root-
ing rate of the first and second nodes (N1~N2) was low
(U=34.44~46.67%), while the rooting rate of N3 ~N4 and
the terminal shoot (NT) was 80.00%~88.89% at 45 DAC
(Fig. 1(c)). The heterogeneity of the N1~N2 samples was
larger than that of N3 ~ N4, with a partial error (E) of more
than 15% (Fig. 1(c)). These results indicated that explants
from different nodes exhibit different rooting abilities.

ARF phenotype in light and exogenous
carbohydrates

Six types of explants were selected from N3 ~ N6 of tissue
culture plants, and these ARF phenotypes were compared
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(Fig. 2(a)). The explants were cultured on medium A in light
and the results showed that the petiole (P) and stem seg-
ment (SS) did not regenerate roots at 60 DAC. The SBS-L,
LP, and SBS began to root at 7-10 DAC, faster than the
blade (F=11 DAC). At 20 DAC, the highest rooting rate of
explants was observed for LP (67.78%+14.99%); the root-
ing rate of SBS-L was 44.4% (44.44%+10.30%), and that
of SBS was 10.0% (10.00%+2.70%) (Fig. 2(c)). However,
only 1-2 explants of the blade (B) are rooted occasionally
(N>90) (Fig. 2(a)). Different types of explants were fur-
ther cultured on medium A under dark conditions. After 20
DAC, only LP rooting was observed (17.80%=15.00%),
and no rooting was observed until 30 DAC in other explants

(Fig. 2(d)).

ARF phenotype in dark and exogenous
carbohydrates

Explants were then cultured on medium A+ S under dark
conditions. The results showed that P, B, and SS did not root
at 30 DAC. However, after culturing for 45 days, 37.78%
(37.78%+22.19%) of SS developed roots ((Fig. 2(a)), data
not shown). These results indicate that neither leaves nor
buds were necessary for ARF in this condition, while sugar
and darkness were important factors promoting rooting.
The rooting efficiency of SBS-L and LP on medium A+S
in dark was significantly greater than that of medium A in
light, and almost all the explants of SBS-L and LP could
root at 13 DAC (U=100%). The rooting rate of SBS also
increased significantly and reached 73.33%+5.40% at 20
DAC (Fig. 2()).

Interestingly, when the explants were cultured on medium
A+S in light, the rooting of SBS-L, SBS and LP were sig-
nificantly slower than that in dark (Fig. 2(e) and 2(f)). The
rooting rate of these explants was significantly reduced at 20
DAC, only 43.3%+8.20% for SBS-L and 10.00%+5.40% for
SBS, and only 4.40%+4.20% for LP. Meanwhile, P and SS
did not generate roots after continuous culture at 60 DAC,
while B occasionally took root (Fig. 2(a)). These results
suggest that light significantly inhibited the ARF of explants
with a leaf in the presence of additional sucrose (10 g-L™),
which was confirmed by subsequent experiments.

ARF phenotypic characteristics of grape LP

Wounding has been found as the primary factor inducing
AR formation in LP explants. When the petiole was picked
with tweezers, the middle part of the petiole was occasion-
ally clipped, and ARs were formed on these wounded sits
(Fig. 2(g)). With attention to the clamping force, LP-induced
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AR appears more frequently approximately 2 mm above the
cut site, rather than at the base of the cut. Observing under
the stereomicroscope, AR formation did not undergo callus
formation but was direct de novo organogenesis from the
petiole (Fig. 2(b)).

High light intensity inhibited ARF in grape
LP

In an accidental culture process, we noticed that when
the light intensity was >6000 1x, the leaves cultured on
medium A were damaged to varying degrees within 12 h
under 16 h-photoperiod conditions. Part of the leaf margin
was burnt, which seriously affected rooting (from 67.78%
reduced to 12.22% at 20 DAC), although injured LP could
occasionally take root (Fig. 2(h)). Therefore, the light

Fig.3 Control of LP explants
and their effect on phenotypic
heterogeneity of ARF The
growth status of tissue culture
plantlets was presented in (a).
Arrows indicate nodes from

the base up. The blue arrows
indicate small leaves (2 <LxW),
and the yellow arrows indicate
aging or unhealthy leaves. The
ARF characteristics of LP with
different leaf sizes on medium
A in dark or light were shown in
(b). Different lowercase letters
in each graph indicate sig-
nificant differences (p<0.05).
After controlling the leaf size

4\/ ) Terminal
g 4 shoot, N;

intensity was determined to be 4000 Ix in the subsequent
experiments.

Leaf size influences the consistency of ARF
formation in the LP explants

In tissue culture, the growth potential of the SBS propa-
gated plantlets were not completely consistent at different
ages, and the leaf size and growth state of the same plant
at different nodes were also different. Usually, leaves at
the basal nodes are small, and some of them may become
brown and senile, while the middle and upper nodes are
large and healthy, and the apical leaves are young and tender
(Fig. 3(a)). These are different from the leaves of 12-day-old
seedlings that are most suitable for ARF study in Arabidop-
sis thaliana by precisely controlling seedling age (Chen et
al. 2014). Therefore, the blade size, expressed by length x
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width (LxW cm?), was analyzed for correlation with ARF
capacity. In this study, the size (LxW) of healthy leaves of
tissue culture plantlets ranged from 1 to 6. After culturing
for 20 days in dark (D) on medium A, 17.80% LP could form
ARs. Forty rooted (D-R) and unrooted (D-NR) LPs were
randomly selected for statistical analysis, and it was shown
that when the average LxW was less than 1.8 (median),
most of the leaves had no spontaneous rooting ability. In LP,
which could spontaneously root, the LxW was above 3.8.
The same trend was observed in light culture (Fig. 3(b)).
In addition, leaves with senescence at the base of the plant
or withered patches at the leaf margin were found difficult
to root under various conditions. These results suggest that
leaf size and health status are important factors affecting the
homogeneity of ARF.

Carbohydrate provision is a prerequisite in
the formation of AR from LP

To further prove the importance of carbohydrates in ARF,
N3-N6 nodes were selected according to the previous
results, and the leaf size was controlled at (2<LxW <6).
After controlling for blade size and node position (Con-
trolled), the rooting rate of LP on medium A under dark
conditions (16.7%=7.80% at 20 DAC) was not signifi-
cantly different from that without control (Uncontrolled)
(Fig. 3(c)). The rooting rate of LP with strict selection was
increased (82.8%+6.80% at 20 DAC) under light culture
on medium A compared with that without control, and the
errors were significantly smaller during the rooting process
(Fig. 3(d)). When sucrose (10 g-L™") was supplemented
in medium A, all healthy LP could root under dark condi-
tions, and the rooting rate finally reached 100% after 13
DAC (Fig. 3(e)). These results suggest that the amount of
nutrients and hormones stored in healthy leaves (under dark
conditions) and the ability to synthesize photosynthates and
hormones as determined by leaf photosynthetic area (under

Fig.4 The effects of auxin,

sucrose, and light on ARF of (a) 100% 1 x*x******* (b) ha —-—+ ﬁisﬁﬁggg
grape LP The rooting rates of 80% - 80% { e A+NPA10.09
LP cultured on A+S with 0.34, o o

3.36, or 10.09 uM NPA in dark T 60% A S 60% f
or light were shown in (a) and > >

(b), respectively. The rooting 1-3 40% A (—w—— A+S+NPA0.34 :-g 40%
rate of LP cultured in A with ° A+S+NPA3.36 ]

0.48 or 4.82 uM IBA under dark © 20% ] A+SHNPA10.09 ©20% ]
conditions was shown in (c), 0% lmake oo 0% A
and the state of LP after rooting LR N G IS

was presented in (d). The arrow Dark (DAC)

shows where AR occurs at 30

DAC. Scale bars: 1 cm. The (c) 100% 4 —=— A+IBA0.48

number and length distribution —— A+IBA

of ARs of LP on medium A and © 80% {--%---A

A with IBA cultured in the dark ® o

at 20 DAC were shown in (e). ;, 60% 1

Different lowercase letters in g 40%

each graph indicate significant S

differences (p<0.05). The root- x  20% A

ing rate of LP cultured on A+S =K

with 0.34, 3.36, or 10.09 uM 0% -
NPA in light was shown in (f)

Dark
(e) ® 8
. £
34 Ea
£ £
z 2 2 2
g 0 30
(12 > & °
¥ P8 8
NN
v v
Dark, 20 DAC

@ Springer

IS

(DAC)
(f) 100% {—=— A+S+NPAO0.34
—— A+S+NPA3.36
80% {—e— A+S+NPA10.09
8 —--%--- A+S
S 60% f
g
S 40% A
]
[*]
v R & e 20% f
¥ oF F%-
Q e"& 0% |

B0 o QN o R
Light (DAC)



Plant Growth Regulation (2022) 98:117-126

123

light conditions) determines the ARF ability. Therefore, leaf
size and health status are the factors that need to be consid-
ered to affect the uniformity of ARF.

The importance of auxin supply in ARF of
grape LP

In this study, grape LP could generate roots without add-
ing exogenous auxin, suggesting that LP explants could
provide endogenous auxin to meet the need for AR forma-
tion. On medium A+S, different concentrations of NPA
(0.34, 3.36, and 10.09 pM) were added and cultured under
dark conditions. The results showed that the inhibition of
ARF by NPA was related to concentration. With increas-
ing concentration, the inhibitory effect of ARF became more
obvious, and 10.09 uM NPA completely inhibited rooting
(Fig. 4(a)). On medium A, the light culture showed that 0.34
uM NPA had no noticeable inhibition of ARF, while 3.36
uM and 10.09 pM NPA could completely inhibit rooting
(Fig. 4(b)). IBA was added to the medium A at 0.48 and 4.82
puM, respectively, and cultured under darkness. The results
showed that 0.48 uM IBA significantly promoted ARF, and

the rooting rate stabilized to 78.90%=10.30% after 11 DAC,
whereas 4.82 pM IBA (36.70%%19.60%) had a less promot-
ing effect on ARF than 0.48 pM IBA (Fig. 4(c)). In addi-
tion, the adventitious roots produced after IBA treatment
continuously were different from the control, showing an
increase in the number of roots, rooting sites were not lim-
ited to the base of the petiole, and AR elongation slowed
down (Fig. 4(d) and 4(e)).

Light inhibited rooting in the presence of
exogenous sucrose

Higher plants can integrate multiple signal transduction
pathways, such as light, auxin, and reactive oxygen, to finely
regulate adventitious root formation to adapt to changing
environmental conditions (Bai et al. 2020). Light exerts a
strong influence on multiple aspects of the auxin system,
controlling auxin level, transport, and responsiveness (Hal-
liday et al. 2009). Sugar and light signal transduction is
associated with auxin biosynthesis and root distribution
changes (Garcia-Gonzalez et al. 2021). On medium A and
under light culture, leaves could produce photosynthetic

Fig. 5 Investigation of PGRs
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products through photosynthesis, partially satisfying ARF
(Fig. 3(d)). However, as mentioned above, damage to leaves
caused by high light intensity will affect ARF (Fig. 2(h)).
In the medium supplemented with sucrose (A+S), the light
was controlled at 4000 Ix to prevent damage from strong
light. After 20 DAC, only a few LP explants (4.40-5.60%)
rooted, and the initiation of rooting was significantly delayed
(F=11 DAC) (Fig. 4(f)). Since the addition of sucrose may
promote auxin synthesis, it is not clear whether the diffi-
culty of rooting is due to the influence of auxin homeostasis
(possibly including high concentration or polar transport).
Under light conditions, on the medium A+ S with 3.36 or
10.09 uM NPA (A+S+NPA3.36 and A+S+NPA10.09),
LP did not root. However, LP in A+ S+NPAO0.34 can root
(57.78%+8.75% at 20 DAC), which is significantly higher
than the control A+S (Fig. 4(f)). Since NPA inhibits polar
auxin transport, it is speculated that the difficulty of rooting
A+S under light culture may be related to excessive polar
auxin transport. In conclusion, light-induced inhibition of
ARF of LP explants in grapes after sugar addition, while
a low concentration of NPA partially relieved this inhibi-
tion, suggests that light and sugar signals may interact, but
molecular biological evidence is needed.

Investigation of PGRs affecting ARF
phenotype of LP

Exogenous hormones may promote or inhibit rooting and
may be dose- or species-dependent (Bannoud and Bellini
2021). Based on the established LP study system for rapid
and stable ARF phenotype identification, this study prelimi-
narily investigated the effect of exogenous PGRs on grape
AREF. Under dark conditions, LP explants could not root on
medium A+ S with 2.60 pM GA; or 4.40 pM 6-BA. Mean-
while, 24-epibrassinolide (EBR) (1.87 uM) also showed
significant inhibition of ARF, and ABA had no significant
effect on ARF (Fig. 5(a)). The base of the LP petiole treated
with 6-BA expanded significantly (Fig. S4). Lower concen-
trations of GA; (0.03 and 0.26 pM) have also been found
to inhibit rooting completely (Fig. 5(f)). SBS, SBS-L, and
woody cuttings were treated with GA; (0.26 puM), and
the rooting inhibition effect was also obvious. The results
showed that GA; had a significant inhibitory effect on grape
ARF. Studies have shown that the inhibition of ARF by
GA may be due to the inhibition of auxin polar transport
(Mauriat et al. 2014). Based on this, LP was cultured on
A+S with GA; (0.26 pM) and IBA (4.82 uM) under dark
conditions, and partial rooting of LP was found (Fig. 5(b)).
It indicates that IBA (4.82 uM) could partially reduce the
inhibitory effect of GA; (0.26 uM).

@ Springer

Endogenous ethylene and jasmonic acid (JA) have been
tested. After culturing on A+ S with 0.06, 0.59, or 5.88 uM
ethephon (ET) in dark, there were no significant effects on
the ARF of grapes (Fig. 5(c)). The rooting rate was reduced
after culture with MeJA (0.42 and 4.24 uM) on medium
A+S under darkness (Fig. 5(d)). After being cultured on
medium A with MeJA (0.42 and 4.24 uM) in light, the root-
ing rate increased, but there was no significant difference. In
addition, leaves treated with MeJA were uniformly yellow
(Fig. S4), which may be related to the initiation of systemic
defense by MeJA.

Discussion

When culture on medium A+ S in dark, grape LP could form
AR within 6-7 days, and the rooting rate reached 100% at
13-14 DAC (Fig. 3(e)). LP is the smallest and simplest
ARF unit in grapes. Owing to the absence of exogenous
mineral nutrients and hormones, and the absence of sprout-
ing, the system eliminated other factors affecting ARF to
the maximum extent and could screen key genes for AR
induction and initiation more conveniently. We determined
the conditions under which LP uniformly produces the ARF
phenotype and verified the influence of related factors on
ARF. This system can be used to study the factors affecting
adventitious root formation, and it offers a better approach
to studying adventitious root induction and initiation.

In plants, endogenous auxin and sugars are recognized as
key influencing factors of ARF. However, the relationship
between the two factors is far from being explained. Under
the premise of satisfying the carbohydrate supply, the utili-
zation of NPA confirmed the key role of auxin in grape ARF.
NPA is an inhibitor of auxin polar transport, and its concen-
tration on grapes was determined to be greater than or equal
to 10.09 uM, which can guarantee complete inhibition of
LP rooting (Fig. 4(a) and 4(b)). The rooting rate of LP was
increased when IBA was added to medium A for continuous
dark culture (Fig. 4(c)). Moreover, the relationship between
the effect of auxin on ARF and its concentration was con-
firmed by quantitative data.

The crucial role of sucrose and its relationship with the
light on ARF were revealed in this paper. LP was difficult to
root on medium without sucrose in dark, while it was easy to
root on medium with 10 g-L"! sucrose under dark conditions
or without sucrose but under light conditions (Figs. 2 and 3).
Sucrose can affect auxin homeostasis in the form of signal-
ing molecules (Rolland et al. 2006). However, it has yet to
be studied whether sugar only serves as a carbon supply or
whether it acts as a signaling molecule on ARF (Ahkami et
al. 2013; Bellini et al. 2014) summarized the effects of light
on ARF, but based on existing studies, it remains difficult
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to distinguish the roles of light, carbohydrates, and auxin in
ARF. The relationship between sugar, light, and auxin and
their function in ARF were embodied in the experiment of
this system. Sugar may affect the homeostasis of endoge-
nous auxin together with light by affecting PIF (Sairanen et
al. 2012), which may be the justification why light inhibits
rooting in the presence of exogenous sugar. These hypoth-
eses will be tested in future studies.

In application, AR can be induced from asexually propa-
gated cuttings. However, when exogenous auxin is added
and/or other culture conditions are combined, some species
or varieties may fail to achieve the goal of rooting, suggesting
that there may be other physiological factors or compounds
that inhibit rooting in these plants (Wei et al. 2019). Many
studies support the hypothesis that endogenous cytokinin,
gibberellin, brassinolide, and jasmonic acid are suppressors
of ARF, but this varies depending on species or hormone
type and concentration (Druege et al. 2019; Ford et al. 2002;
Li2021; Niu et al. 2013; Mauriat et al. 2014; Mensuali-Sodi
et al. 1995). In this study, the application of 6-BA, GA;,
and EBR severely inhibited the rooting of grapes, while the
function of MeJA on ARF is complex (Fig. 5).

Studies in model plants show that the various hormones
and their crosstalk are extremely intricate, but this is not
illustrative of the real situation in grapes. This study devel-
oped a simple and rapid LP system suitable for the study of
AR in grapes, which can assist in explaining the particularity
of ARF in grapes. LP materials from tissue culture are read-
ily available. The ARF phenotype of the constructed system
was easy to observe, and the rooting rate data were easy
to quantify. The design of various processing can facilitate
the data analysis, which is conducive to the detailed inves-
tigation of ARF influencing factors. Based on these char-
acteristics, we revealed some interesting effects of sucrose
and hormone treatment on grape ARF. Much remains to be
done, and the system will show its advantages.
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