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Abstract

In this experiment, wild-type Artemisia selengensis, Chrysanthemum, Artemisia annua and mugwort
were used as rootstocks, while cultivated A. selengensis served as the scion. Cleft grafting was identified as the
most effective method. The highest survival rate was observed when wild-type A. selengensis was used as the
rootstock, reaching 92.5% on the 12th day post-grafting, with quicker callus formation than in other
combinations. The combination of wild-type A. selengensis rootstock and cultivated 4. selengensis scion
demonstrated the greatest grafting compatibility, whereas the pairing of cultivated A. selengensis with
chrysanthemum showed the lowest. During the healing phase, analysis revealed that in compatible graft
combinations, soluble sugar levels increased, with a significant rise in soluble protein levels. Following callus
formation, levels of superoxide dismutase (SOD), peroxidase (POD), and phenylalanine ammonia-lyase (PAL)
declined. Hence, soluble sugars, SOD, POD, and PAL may act as indicators of grafting compatibility in A.
selengensis. Weekly elongation measurements from 21 to 49 days post-grafting indicated that combinations
rooted in chrysanthemum exhibited markedly greater clongation from 35 to 49 days than other pairs.
Comparisons of soluble proteins, sugars, vitamin C, and flavonoids in the scion on days 49, 70, and 91 post-
grafting with those in ungrafted plants suggested that different rootstocks differentially influenced nutrient
and metabolite accumulation in A. selengensis. These findings suggest that future research could explore the
mechanisms underlying these changes during the grafting process. Integrating molecular biology and
metabolomics techniques will aid in elucidating specific regulatory mechanisms affected by grafting in
Artemisia species, potentially enhancing the content of nutrients or bioactive compounds. This could provide
theoretical support for biopharmaceutical applications and propose new methods for improving the quality of
Artemisia germplasm resources.
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Introduction

Artemisia selengensis, a member of the Asteraceae family, is valued as a specialty vegetable. Its tender and
crisp stems are primarily consumed (Wanget al., 2020). Renowned for its distinctive flavor and rich nutritional
content, 4. selengensis is widely appreciated not only as a popular culinary ingredient but also for its extensive
applications in medicine, healthcare, and the chemical industry (Lu ez 4/., 2014).

In recent years, the production of A. selengensis has become increasingly mechanized and large-scale.
However, the plant faces challenges in the central Yangtze River region, where issues such as difficulties with
flowering, low pollen viability, and reliance on cutting propagation have led to reduced genetic diversity and
variety degradation. This situation has significantly hampered breeding research. Currently, the market offers
only a few cultivated varieties, such as ‘Kunming Dabaiye’, ‘Nanjing Daye’, “Yunnan Lvgan’, ‘Kunming
Summer’ Artemisia, ‘Nanjing Winter’ Artemisia, and some domesticated wild types. In Hubei, the principal
cultivated varieties are limited to ‘Nanjing 6-Daye Qing Lihao’ and ‘Yunnan Lvgan Lihao’ (Fu ez 4/, 2016).
The long-term dependence on cutting propagation has caused severe quality degradation, resulting in subpar
taste and quality in some cultivated varieties. Therefore, there is an urgent need to develop new, high-quality
varieties of A. selengensis.

Grafting, a form of vegetative propagation that involves asexual reproduction, has been practiced in
Chinese horticulture for over 4,000 years. During this process, new parenchyma cells are produced at the
junction between the rootstock and scion, differentiating into callus tissue that quickly merges and interlocks
to form a single, unified plant (Yildirim ez 4/, 2017). Different grafting techniques are applied based on the
location of the parenchyma cells: for woody plants like roses and grapes, the vascular cambium must be perfectly
aligned, whereas for herbaceous plants such as rapeseed, watermelon, and cucumber, the cortex layers must be
properly matched (Kumar ez 4., 2023). The main grafting methods include cleft, approach, side, and splice
grafting, with the choice of technique depending on the specific rootstock-scion combination. Furthermore,
the selection of the appropriate rootstock can significantly enhance the plant’s secondary metabolism. For
example, grapevine grafting has demonstrated that the right rootstock can upregulate genes related to
anthocyanin synthesis in the scion, thus accelerating fruit ripening (Lépez Serrano ez al., 2022), and improving
salt tolerance in tomatoes (Lupp ez 4/., 2024).

In China, wild 4. selengensis germplasm resources are abundant and widely distributed across 19
provinces, including Heilongjiang, Shandong, Sichuan, Yunnan, and Guizhou. These varieties exhibit strong
resistance and high levels of active substances. Extensive research on Artemisia species such as 4. selengensis,
Artemisia annua, Artemisia argyi, and chrysanthemum spans pharmacology, clinical medicine, food
development, and personal care products (Borgo ez al., 2024). Artemisia annua, Artemisia argyi, and
chrysanthemum are particularly valued as medicinal and edible plants due to artemisinin’s notable
contributions to malaria treatment, which has heightened interest in Artemisia species (Chen e al., 2022).
Research in traditional Chinese medicine is also thriving, with Artemisia species frequently used as rootstocks
to effectively increase the biomass and physiological activity of grafted chrysanthemums (Li ez 4/, 2022). This
study aims to graft cultivated A. selengensis onto Artemisia annua, Artemisia argyi, chrysanthemum, and wild-
type A. selengensis to examine changes in nutrient enzymes during grafting and assess various nutritional
indicators of the grafted 4. selengensis. This research will explore the grafting compatibility between Artemisia
species and chrysanthemum, aiming to verify the feasibility of obtaining high-quality 4. selengensis germplasm
resources through grafting and to provide a theoretical foundation for subsequent research on molecular
mechanisms and the development of new Artemisia germplasm resources.

Materials and Methods
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Experimental materials

The experiment was conducted in an Artemisia species nursery. Grafting occurred from March 1 to
March 8, with nighttime temperatures ranging from 5 °C to 13 °C and daytime temperatures between 17 °C
and 24 °C. Healthy, pest-free, and disease-free Artemisia selengensis plants (cultivar No. 2) from the Asteraceae
nursery were selected as scions. Artemisia annua, Artemisia argyi, chrysanthemum, and wild-type Artemisia

selengensis (L5) served as rootstocks. The scion-rootstock combinations are detailed in Table 1.

Table 1. experimental materials

ion- k
Scion Rootstock Scion abbreviation SCIOTI rootstoc .
combinations abbreviation

Artemisia annua (Q1) L1 L1Q1

. ) Artemisia argyi (A2) L2 L2A1
Artemisia selengensis oh h i) i3 311

cultivar No. 2 rysanthemum )
wild-type L4 L4L5
Artemisia selengensis (L5)

Grafting experiment with Artemisia selengensis

Scions of Artemisia selengensis, with stem diameters of 0.6 to 1 cm, were prepared by cutting 9-10 cm
from the stem tips and removing excess leaves. Compact, healthy rootstocks were selected, and cuts were made
6-10 cm above the root base. The cleft grafting method was employed to graft the scions onto various
rootstocks. Graft sites were secured with plastic film to ensure proper alignment of the cambial layers. After
grafting, the plants were placed in shaded, well-ventilated areas. Before the grafts healed, the pots were watered
every two days, and the scions were misted daily to maintain leaf moisture. Once the grafts had healed, watering
frequency was reduced to every three days (Figure 1). Four grafting combinations were tested, with 30 plants
per combination, resulting in 120 plants per experimental unit. Three replicate units were established, each in
a distinct shaded and ventilated location within the experimental site. Scion survival was assessed by the
emergence of buds from the scion tips 12 days after grafting. The survival rate was calculated as follows: Survival
rate (%) = (Number of scions with bud emergence at 12 days / Total number of grafted plants) x 100.
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Figure 1. (A) Artemisia annua was used as the rootstock and Artemisia selengensis cultivar No. 2 was used
as the scion for grafting (L1Q1). (B) Artemisia argyi was used as the rootstock and Artemisia selengensis
cultivar No. 2 was used as the scion for grafting (L2A1). (C) Chrysanthemum is used as the rootstock and
Artemisia selengensis cultivar No. 2 was used as the scion for grafting (L3]1). (D) wild-type Artemisia
selengensis was used as the rootstock and Arzemisia selengensis cultivar No. 2 was used as the scion for
grafting (L4L5).

Assessment of physiological indicators at the graft union

Samples were collected at 2, 4, 6, 8, 10, and 12 days after grafting. For each sampling date, two grafted
plants from each unit were selected, totaling six plants per grafting combination. The graft union site was
examined for healing, photographed, and recorded. The scion part was then cut and preserved with a 3 cm
segment. Initially, these samples were frozen in liquid nitrogen, then placed in sealed bags, and stored at -80 °C.
After the 12-day sampling period, soluble sugars were measured using the anthrone colorimetric method
(Rondel ez al.,2013). Take 0.2 g of the sample and extract it into a solution using distilled water. Then, add the
anthrone reagent to the solution. Place the test tube in a constant-temperature water bath and heat for 10-15
minutes, observing any color changes. After cooling, measure the absorbance of the sample solution at 620 nm
using a spectrophotometer. By measuring the absorbance, use the standard curve to calculate the soluble sugar
content in the sample.
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Soluble proteins were determined using the Coomassie Brilliant Blue G-250 method (Jones ez /., 1989).
Initially, 0.2 grams of the sample were accurately weighed, thoroughly rinsed, and positioned within a pre-
cooled mortar. Sequentially, 1.6 mL of chilled 50 mM phosphate buffer ac pH 7.8 was added in increments of
0.6 mL, 0.5 mL, and 0.5 mL. The sample was then ground into a uniform slurry on ice and transferred to a
centrifuge tube, where it was centrifuged at 4 °C and 12,000 g for 20 minutes to separate the supernatant,
yielding a crude protein extract. To quantitatively assess protein concentration, standard solutions of proteins
like BSA were prepared at defined concentrations to establish a calibration curve. The sample was then mixed
with an equal volume of Coomassie Brilliant Blue G-250 dye and incubated at ambient temperature for 30
minutes, leading to a color shift from red to blue as the dye bound to the proteins. The reaction’s absorbance
was measured at 595 nm using a spectrophotometer, which is directly proportional to the protein
concentration. This relationship enabled the plotting of a standard curve based on known concentrations and
their corresponding absorbance values, facilitating the determination of the sample’s protein concentration via
this curve.

POD activity was quantified using the guaiacol method (Fijalkowski ez 4/., 2020). 2 g of the sample were
placed into a mortar, to which 5.0 mL of extraction buffer was added. The mixture was ground to form a
consistent slurry under ice-cold conditions and subsequently centrifuged at 12,000 x g for 30 minutes at 4 °C.
The supernatant, constituting the enzyme extract, was then preserved at a low temperature for further analysis.
In asubsequent step, a test tube was prepared with 3.0 mL of 25 mM guaiacol and 0.5 mL of the enzyme extract.
Addition of 200 pL of 0.5 M H,O, initiated the reaction, with immediate mixing and simultaneous timer
activation. This mixture was then transferred into a cuvette in a spectrophotometer’s sample chamber, with
distilled water serving as the reference. Absorbance was first recorded at 470 nm after 15 seconds and
subsequently every minute for six points in total, with each measurement conducted in triplicate. These data
points were used to plot absorbance against time, from which the initial linear section was used to calculate the
rate of change in absorbance per minute (AOD470). The POD activity is expressed as AOD470 per gram of
fresh weight of the sample.

Catalase (CAT) activity was quantified using the potassium permanganate titration method (Pang ez
al., 2020). Weigh 2 g of the sample and add a small amount of phosphate buffer (pH 7.8). Grind the sample
into a homogeneous slurry and transfer it to a 25 mL volumetric flask. Wash the mortar with the same buffer
and transfer the washings to the volumetric flask. Then, fill the flask to the mark with the same buffer solution.
Centrifuge the mixture at 4000 rpm for 15 minutes and collect the supernatant, which serves as the crude CAT
extract. Prepare four 50 mL conical flasks (two for measurement and two as controls). Add 2.5 mL of the
enzyme extract to the measurement flasks and 2.5 mL of heat-inactivated enzyme solution (boiled) to the
control flasks. Then, introduce 2.5 mL of 0.1 mol/L H,O, to all flasks. Start the timer immediately after adding
the H,O,, and incubate the flasks in a 30 °C water bath for 10 minutes. Following incubation, promptly add
2.5 mL of 10% H,SO, to each flask. Titrate the reaction mixture with 0.1 mol/L KMnQ, standard solution
until a persistent pink color develops, remaining stable for 30 minutes. CAT activity is computed using the
formula below:

(A—B)XVT
W x Vg x 1.7 x t

e Ais the volume of KMnQ, used in the control titration

Catalase activity =

¢ Bis the volume of KMnO, used in the enzyme reaction titration
e Vris the total volume of the enzyme extract
®  Vsis the volume of enzyme solution used in the reaction
e Wis the fresh weight of the sample
e  tisthe reaction time
SOD activity was determined using the nitroblue tetrazolium method (Durak ez 4/., 1993). Weigh 0.5

g of the sample and add an adequate amount of ice-cold phosphate buffer to form a homogencous slurry.

5
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Centrifuge the slurry at 12,000 rpm for 15 minutes to obtain the SOD extract. Organize the experiment into
two groups: a sample group (with enzyme solution) and a control group (with heat-inactivated enzyme solution
or without enzyme). Add 2 mL of phosphate buffer, 0.1 mM NBT solution, xanthine solution, and xanthine
oxidase solution to the reaction tubes and mix thoroughly. Introduce an appropriate volume of the SOD
extract into the reaction tubes. Start the timer and incubate the tubes in a 30 °C water bath for 10 minutes.
Subsequently, add 0.1 M Na,CO; solution to neutralize and halt the reaction. Measure the absorbance of the
reaction mixture at 560 nm using a spectrophotometer. Record the absorbance values for both the sample and
the control groups. Calculate the SOD activity by assessing the difference in absorbance between these two
groups.

(Acontrol - Asamplc)
T

PAL activity was measured using Kovacik et al.'s method (Kové¢ik ez al., 2012). Weigh 0.5-1 g of the
sample and add an appropriate amount of ice-cold phosphate buffer to produce a homogeneous slurry.

SOD activity =

Centrifuge the slurry at 12,000 rpm for 15 minutes and collect the supernatant, the PAL extract. In a test tube,
combine 3 mL of phosphate buffer, 0.2 mL of L-phenylalanine solution, and 0.1 mL of the PAL extract.
Incubate the reaction mixture in a 30 °C water bath for 60 minutes. To terminate the reaction and neutralize
the solution, add 1 mL of 1 M Na,CO;. Measure the absorbance of the reaction mixture at 290 nm using a
spectrophotometer. Record the absorbance for both the sample and control groups. Calculate the PAL activity
by determining the difference in absorbance between the two groups.

AA x Vt:‘otal

e AA s the change in absorbance

® Vi is the total volume of the reaction mixture

e ¢ is the molar absorption coefficient of cinnamic acid at 290 nm
e lis the path length of the cuvette

e Wis the fresh weight of the sample

e tis the time of the reaction

Measurement of scion elongation

On day 21, two scions from each unit were selected to measure their initial length. This measurement
was repeated across three replicate units. Scions were marked, and subsequent measurements were taken on
days 28, 35, 42, and 49. The elongation rate was calculated based on the length measurements taken over the
four-week period.

Measurement of nutritional content in Artemisia selengensis

On days 49, 70, and 91 post-grafting, three scion plants were sampled from each unit. A total of nine
scions per grafting combination were collected and placed in corresponding envelopes. The fresh stems and
leaves were analyzed for various nutritional indicators: Vitamin C content was measured using the 2,6-
dichlorophenolindophenol titration method (Aguiar ez a/.,2017). Soluble protein levels were determined using
the Coomassie Brilliant Blue method (Jones ez a/., 1989). Soluble sugar content was assessed using the anthrone
colorimetric method (Rondel ¢# 4/., 2013). Flavonoids were quantified by drying and grinding the stems and
leaves, followed by measurement using the sodium nitrite colorimetric method (Mati¢ ezal., 2017). The control

group (CK) consisted of the non-grafted cultivated type 2.



He S ez al. (2025). Not Bot Horti Agrobo 53(1):14148

Data analysis

Data analysis was performed using SPSS 18.0 for statistical processing and Origin 2021 for graphing,

Results

Healing conditions in different grafting combinations
The compatibility between rootstock and scion markedly influences the rate of graft healing.
Examination of healing processes across diverse graft combinations shows that callus development is most
prompt in grafts involving both cultivated and wild Artemisia species. Specifically, the L1Q1 and L2Al
combinations initiate callus formation on days 6 and 8, respectively. The L3J1 pairing exhibits callus

development by day 10. Notably, by day 14, the L4L5 pair demonstrates superior healing (Table 2).

Table 2. Healing conditions in different grafting combinations

Scion-rootstock combinations Callus formation time (d) Number of plants with callus
abbreviation formation at 14 days (%)
L1Q1 6 85
L2A1 8 79
L3]1 10 70
L4L5 4 94

Survival outcomes across gmﬁing combinations

When grafting Artemisia as the scion with four distinct rootstocks, the survival outcomes at 12 days
post-grafting are detailed in Figure 2. The L4L5 graft shows an optimal survival rate of 92.5%, in contrast to
the L3]J1, which records the lowest at 67.5%. Notably, the survival rate for L4L5 significantly surpasses those

observed in other combinations.

100 -

80

60

40

survival rate of graft (%)

85.5

[]Survival rate of graft

73.5

67.5

92.5

L1Q1

L2A1 L3l

Graft combination

Figure 2. Survival rates of different grafting combinations

L4LS

Physiological and biochemical changes at the grafting interface trends in soluble sugar levels
Figure 3 illustrates the trends in soluble sugar levels within various rootstock-scion combinations
throughout the graft healing phase. This metric suggests a consistent consumption of soluble sugars during

7



He S ez al. (2025). Not Bot Horti Agrobo 53(1):14148

initial healing stages. In the L1Q1 graft, soluble sugar levels diminish to 1.44%, a 76.29% decrease from day 2
by day 12. Similarly, for L2A1, levels fall to 0.90%, down by 85.09% from day 2. The L3J1 combination sees a
continual drop to 0.31%, reflecting a 95.27% reduction from day 2. Contrastingly, the L4L5 combination
shows a decline in soluble sugar to 2.63% by day 10, a reduction of 53.78% from day 2, followed by a rise to 3%
between days 10 and 12.
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Figure 3. Dynamic changes in soluble sugar content at the grafting interface of different combinations

Fluctuations in soluble protein levels

Figure 4 elucidates the variable levels of soluble protein content across different grafting combinations.
In the L4L5 combination, soluble protein levels drop to 1.96 mg/g over the initial six days, constituting 60.25%
of the initial measurement. Subsequently, these levels rise to 2.75 mg/g by day 12, marking a 28.68% increase.
The L1Q1 pairing experiences a steady reduction in soluble protein to 1.03 mg/g by day 10, followed by a rise
to 1.80 mg/g by day 12, an uptick of 19.09%. For the L2A1 combination, there is a decrease in soluble protein
content to 1.27 mg/g by day 10, which is 52% of the original level, then an increment to 1.68 mg/g by day 12,
an increase of 10.3%. The L3]J1 combination observes a reduction to 2.16 mg/g by day 4, 2 23.6% decrease from
the initial level. This is followed by a temporary increase to 2.71 mg/g by day 6, and a subsequent fall to 1.31
mg/g by day 12, a decline of 29.65%.
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Figure 4. Dynamic changes in soluble protein content at the grafting interface of different combinations
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Temporal variations in phenylalanine ammonia lyase (PAL)) levels

PAL, predominantly localized in vascular tissues and epidermal cells, facilitates cell differentiation and
lignification by participating in lignin production. Figure 5 depicts the fluctuations in PAL levels across various
rootstock-scion pairings, characterized by an initial decrease followed by subsequent increases. In the L4L5
pairing, PAL content initially drops by 29.26% to 58.69 Ug" min™ between days 2 and 6, then ascends to 93.26
Ug' min" by day 10, and finally decreases by 15.6% by day 12. The L1Q1 combination shows a rise in PAL to
81.71 Ug" min™ by day 4, a fall to 63.35 Ug" min™ by day 8 (a 22.47% reduction), and a subsequent increase
to 84.50 Ug'min™ by day 12. For the L2A1 combination, PAL reduces to 45.68 Ug" min™ by day 8 (a decrease
0f 30.59%) and then climbs to 59.42 Ug" min" by day 12. The L3]1 combination exhibits a 50.07% decrease
t040.76 Ug"' min™ by day 8, followed by a rise to 55.88 + 2.79 Ug” min (a 36.96% increase) by day 12.
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Figure 5. Dynamic changes in PAL content at the grafting interface of different combinations.

Dynamic shifts in SOD levels

The dynamics of SOD content, outlined in Figure 6, demonstrate an initial increase and subsequent
decrease across all grafting combinations. For instance, the L4L5 combination shows an increase in SOD from
222.296 Ug"' min™ to 300.50 Ug" min" from days 2 to 6, followed by a decrease to 195.978 Ug' min™ by day
12.1In the L1QI combination, SOD levels ascend from 300.031 Ug” min™ to 342.201 Ug" min™ between days
2 and 6, then diminish to 265.379 Ug" min™ by day 12. Similarly, for the L2A1 combination, SOD content
rises from 288.978 Ug' min™ to 338.897 Ug” min™ over the same initial period, and subsequently decreases to
297.741 Ug' min" by day 12. The L3J1 combination experiences an increase from 199.035 Ug' min" to
298.152 Ug" min™ throughout the 12-day period.
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Figure 6. Dynamic changes in SOD content at the grafting interface of different combinations

Temporal fluctuations in POD Levels

As depicted in Figure 7, POD content exhibits an overall upward trend throughout the graft healing
phase. In the L1Q1 pairing, POD levels steadily rise from 199.311 Ug" min™ to 267 Ug” min™ over a span of
10 days, marking a 1.33-fold increase. The L2A1 combination sees an ascent in POD from 216.311 Ug” min™
to 273 Ug' min™' by day 8, an increment of 26.41%. This is followed by a decline to 246.93 Ug"' min™ by day
10, before rebounding to 273.66 Ug" min™' by day 12. For the L4L5 combination, an initial increase from 217.4
Ug' min™ to 256.04 Ug" min" is noted from days 2 to 4, subsequently decreasing to 239.95 Ug" min™ by day
6, and then elevating to 305.15 Ug' min™ by day 12.
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Figure 7. Dynamic changes in POD content at the grafting interface of different combinations

Dynamic Changes in CAT Content

Figure 8 illustrates that CAT content during the graft healing period follows an “M” shaped trajectory.
In the L1QI combination, CAT levels escalate from 7.55 Ug-1 min-1 to 16.66 Ug"' min™ between days 2 and
6, then dip to 12.3 + 0.61 Ug"' min™' between days 6 and 8. CAT then climbs to 14.4 Ug"' min" by day 10, and
finally falls to 13 Ug" min-1 by day 12. In the L2A1 combination, CAT content increases from 4.72 Ug" min’

10
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"t0 15.5 Ug" min" from days 2 to 6, decreases to 11 Ug” min™ from days 6 to 8, and rises again to 18.53 Ug
min™ by day 12. The L3]1 combination exhibits a rise in CAT from 8.5 + 0.42 Ug-1 min-1 t0 20.08 Ug-1 min’
! from days 2 to 6, followed by a decrease to 13.16 Ug"' min™ from days 6 to 8. CAT then ascends to 17.16 +
0.85 Ug"' min™ from days 8 to 10 and drops again to 11.53 Ug' min" by day 12. Meanwhile, for the L4L5
combination, CAT increases from 7.93 Ug"' min™ to 18.91 Ug" min™ from days 2 to 6 and consistently declines
t0 10.53 Ug" min™ by day 12.
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Figure 8. Dynamic changes in CAT content at the grafting interface of different combinations

Effects of different rootstocks on the elongation of Artemisia selengensis scions

From Figure 9, measurements of scion clongation began 21 days post-grafting and were conducted
weekly. The results are presented in the table. Between days 21 and 28, elongation in L1Q1 was markedly higher
than in L2A1, L3]1, and L4L5, although differences among L2A1, L3]1, and L4L5 were negligible during this
period. From days 28 to 35, L1Q1 continued to exhibit significantly higher elongation compared to L3]1,
L4L5, and L2A1, with no significant differences noted between L3J1 and L4L5. Between days 35 and 42, L3]1
demonstrated greater elongation than L2A1, which in turn was greater than that of both L1Q1 and L4L5.
From days 42 to 49, clongation of L3J1 surpassed that of L1Q1, L2A1, and L4L5, with L3]J1 exhibiting a
significant increase of 13.7 + 0.26 cm compared to other combinations. In the subsequent week, the unit
clongation of L3]J1 remained superior to that of the other combinations.
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Figure 9. Elongation of Artemisia selengensis scions: eftects of different rootstocks

Investigation of the linear relationship

In the analysis of flavonoids, soluble proteins, and soluble sugars, standard curves were constructed using
various concentrations of rutin, bovine serum albumin, and sucrose, respectively. As indicated in Table 3, R*
values were all above 0.99, demonstrating a strong linear relationship that satisfies the experimental
requirements.

Table 3. Linear relationship and range of the measured components

Com:l ::::;S dto be Regression equation Linear (pg/ml) R?
Flavonoids y=0.0112x+0.1129 0~50 0.9992
Soluble Sugars y=0.0023x+0.0506 0~100 0.9907
Soluble Proteins y=0.02x+0.2216 0~50 0.9901

Effects of grafting with different rootstocks on the nutrient content of Artemisia selengensis changes in
vitamin ¢ and flavonoid content

At various time points post-grafting, samples were collected from each rootstock-scion combination to
assess changes in vitamin C and flavonoid content within the stems and leaves. According to Figure 10, both
vitamin C and flavonoid levels were generally higher in the leaves than in the stems. Vitamin C accumulation
varied among different rootstocks. On day 49, the vitamin C levels in the stems of the control group (CK, 1.19
mg/g) and L4L5 (1.86 mg/g) were notably higher than those in L1Q1, L2A1, and L3J1, with no discernible
difference between CK and L4L5. In the leaves, the levels in L2A1 (3.51 mg/g), L3]1 (3.45 mg/g), L4L5 (2.89
mg/g), and CK (2.7 mg/g) exceeded those in L1Q1, with no significant variations among L2A1, L3]1, L4L5,
and CK. By day 70, the vitamin C content in the stems of L2A1 was significantly greater than in L1Q1, CK,
and L4L5. In the leaves, vitamin C levels in CK, L1Q1, and L2A1 surpassed those in L3J1 and L4L5. On day
91, the vitamin C levels in the leaves of L1Q1, L2A1, L4L5, and CK were substantially higher than in L3]1,
with no significant differences observed in the stems.

The flavonoid accumulation also differed across various rootstock grafting combinations. On day 49,
the flavonoid content in the leaves of L4L5 (134.12 mg/g) was significantly higher than in L3]1, CK, L1Ql,
and L2A1. In the stems, the content in L3J1 (72.94 mg/g) exceeded that in L4L5, L1Q1, CK, and L2A1. By
day 70, the flavonoid levels in the leaves of L1Q1, L2A1, and L4L5 were higher than in CK (49.63 mg/g). In
the stems, L3]1’s flavonoid content (51.97 mg/g) surpassed CK’s (33.69 mg/g). On day 91, the flavonoid
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content in the leaves of L2A1 (134.74 mg/g) was significantly greater than in L4L5, L1Q1, CK, and L3]1. In
the stems, L4L5 (117.98 mg/g) had a higher flavonoid content than L1Q1 and CK.
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Figure 10. (a) Vitamin C content in the stems and leaves of Arzemisia selengensis: Impact of different

rootstocks; (b) Flavonoid content in the stems and leaves of Artemisia selengensis: impact of different

rootstocks

Changes in soluble protein and soluble sugar content

As illustrated in Figure 11, the soluble protein content was generally higher in the leaves than in the
stems of Artemisia selengensis, while the soluble sugar content was lower in the leaves than in the stems. On day
49 post-grafting, the soluble protein levels in the leaves of L4L5, CK, and L2A1 were markedly higher than in
L1Q1 (10.85 mg/g), with L4L5 exhibiting notably higher levels than L3]1 (12.7 mg/g). The soluble protein
levels in L4L5 stems (9.58 mg/g) also surpassed those in CK, L2A1, and L1Q1. By day 70, the soluble protein
content in L2A1 leaves reached 12.93 mg/g, significantly exceeding that in CK, L3J1,and L1Q1, and in L2A1
stems, it was 8.62 mg/g, also significantly higher than in L1Q1, L4L5, CK, and L3J1. On day 91, the soluble
protein content in L2A1 leaves was 11.89 mg/g, higher than that in L1Q1, L4L5, CK, and L3J1, and in L2A1
stems, it was 8.75 mg/g, again exceeding that in L1Q1, CK, and L3]1.

The regulation of soluble sugar synthesis displayed variability across different rootstock grafting
combinations. On day 49, the soluble sugar levels in the leaves of CK and L3]1 were significantly higher than
those in L1Q1 and L2A1. The soluble sugar content in L3]1 stems stood at 11.28%, considerably higher than
in L4L5, L1Q1, CK, and L2A1. By day 70, the soluble sugar levels in L3]1 leaves were 1.55%, significantly
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surpassing those in L4L5 and L1Q1. The soluble sugar levels in L4L5 stems were 10.79%, significantly higher
than in L4L5, L1Q1, CK, and L2A1. On day 91, the soluble sugar levels in L1Q1 and L4L5 leaves were
significantly higher than those in L2A1, CK, and L3]1, and in the stems of L1Q1, L3]1, and CK, they were
higher than in L2A1 and L4LS5.
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Figure 11. (a) Soluble sugar content in the stems and leaves of Arzemisia selengensis: Influence of different
rootstocks; (b) Soluble protein content in the stems and leaves of Artemisia selengensis: Influence of

different rootstocks

Discussion

Grafting introduces a novel breeding technique for Arzemisia selengensis, which has primarily utilized
cutting propagation. Although grafting is common in other plant species, studies on A. selengensis are limited.
In this study, wedge grafting was utilized, as it is more efficient and provides a more secure junction than other
methods. This secure connection reduces the leakage of phenolic compounds and polyphenol oxidase from the
cut surfaces, which could otherwise enhance oxidation, lead to protein aggregation at the wound site, and
hinder growth (Rashedy ez 4/., 2023). Post-grafting, varied enzymatic and nutritional shifts trigger physiological
and biochemical responses that enhance cell differentiation and callus formation, ultimately resulting in plant
development. Soluble sugars supply essential materials and energy for cell division and differentiation, while
proteins provide nitrogen for tissue structure. Both serve as signaling molecules to facilitate communication
between grafted cells. However, post-grafting, some soluble sugars, proteins, and phenolic compounds are lost
through wound exudate, while the remaining soluble sugars aid in regulating osmotic balance in protoplasts
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and supplying energy for cell division and differentiation (Carmach ez 4/, 2023). Other factors influencing
grafting success include the phenological stage and the compatibility between the scion and rootstock
(Calvente et al., 2023). This experiment was conducted in March, coinciding with the peak vegetative growth
phase of Asteraceae plants, which facilitates the healing of grafted areas. The genetic relationship between the
rootstock and scion is directly related to grafting success. Saithip Thippan ez a/. (2024) assessed carly-stage
durian graft compatibility using histological and biochemical markers.

SOD, POD, and CAT are integral to the plant’s antioxidant enzyme system. SOD facilitates the
conversion of superoxide radicals into hydrogen peroxide (H,0,), while CAT and POD assist in decomposing
H.O: into oxygen and water. These enzymes are crucial for maintaining a dynamic balance, scavenging free
radicals, resisting oxidative stress, and mitigating damage from environmental stressors (Liu ¢z al., 2023). In
this study, the activity of all three enzymes was observed to increase during the initial stages of grafting due to
the accumulation of reactive oxygen species (ROS) and free radicals at the graft site. These ROS contribute to
the formation of a protective barrier at the wound site, preventing pathogen contamination, and participate in
oxidative chain reactions within the cells (Shehata e# 4/, 2023). SOD activity increased in all combinations
from days 2 to 6 post-grafting. In combinations L4L5 and L1Q1, SOD activity declined from days 6 to 12,
while in L3]1, it continued to rise, indicating an earlier clearance of free radicals in L4L5 and L1Q1 compared
to L3J1. POD, working alongside CAT, plays a pivotal role in breaking down H,O, and enhancing resistance
to oxidative damage. It also promotes lignin accumulation, which supports vascular bundle elongation and
development (Arezoo er al., 2024). Throughout the experiment, CAT activity increased across all
combinations from days 0 to 6, whereas POD activity continued to rise through day 12, aiding callus formation
and vascular regeneration. CAT activity in L4L5 showed a decline from days 6 to 12, signaling the
commencement of healing, consistent with prior observations. Other combinations exhibited an "M-shaped"
trend in CAT activity, indicative of its dual role in free radical scavenging and cell wall formation post-grafting,

PAL is critical for the generation and differentiation of callus cells during graft healing (Gajjar ez 4L,
2023). The experiment revealed a fluctuating trend in PAL activity, initially decreasing as the plants repaired
mechanical damage without forming callus tissue, then increasing as cell differentiation and callus formation
commenced. Higher PAL levels are beneficial for plant tissue growth. In L4L5, PAL activity began increasing
on day 6, while in L3J1 and L2A1, it rose on day 10. PAL levels in L1Q1 continued to ascend from days 8 to
12, marking the onset of callus formation. Similar patterns were observed in tea tree grafting experiments,
where PAL activity increased during early callus formation and decreased once healing was complete. In this
context, PAL serves as a useful indicator of graft compatibility.

Different rootstocks significantly affect the nutritional content of grafted plants. For instance, Chen
Zhaofang ez al. (2022) demonstrated that sour orange rootstocks increase total flavonoid content in Tarocco
blood oranges. Similarly, grafting various sweet pepper varieties enhanced vitamin C and (-carotene levels
(Garcia ez al.,2023). In this study, the analysis revealed that nutrient and secondary metabolite contents varied
through different growth stages in A. selengensis grafted onto diverse rootstocks. Comparative analysis between
grafted and non-grafted 4. selengensis indicated a significant impact of the rootstock on nutritional content.
Specifically, using wild-type A. selengensis and cultivated varieties as rootstocks resulted in higher soluble
protein content in the stems and leaves of grafted plants on days 70 and 91 post-grafting. When
chrysanthemum served as the rootstock, soluble sugar content in the stems of grafted plants was higher than in
self-rooted plants on day 49, and using wild-type A. selengensis as the rootstock led to higher soluble sugar
content on day 70. Additionally, when A. annua was utilized as the rootstock, the vitamin C content in the
stems on day 70 was significantly greater than in self-rooted plants. Regarding flavonoid content, rootstocks
from the Asteraceae family had a considerable impact on cultivated A. selengensis. Using chrysanthemum and
wild-type A. selengensis as rootstocks yielded significantly higher flavonoid content in the stems and leaves on
day 49. Similarly, 4. annua as the rootstock resulted in higher flavonoid content in the leaves on days 49 and

70. Fluctuations in soluble sugar, protein, vitamin C, and flavonoid contents are influenced by plant growth
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stage, sampling time, and environmental conditions. This study employed three sampling times to reduce
geographic and climatic interference, highlighting differences among graft combinations. Further research is
required to explore how grafting influences other nutritional components in 4. selengensis.

Conclusions

In this study, the analysis of soluble protein, soluble sugars, vitamin C, and flavonoids in grafted scions
and non-grafted Artemisia selengensis revealed that different rootstocks significantly influence the
accumulation of nutrients and metabolites. These results provide a theoretical basis for further investigation
into the molecular mechanisms involved. Future research could employ advanced techniques like grafting to
extend the growth cycle of A. selengensis, enhance resource efficiency, and support sustainable agricultural
practices. Given the medicinal and edible qualities of 4. selengensis, these findings not only advance basic plant
biology but also offer theoretical insights for the commercial cultivation and production of plant-based
medicines.
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