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Article 
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Abstract: Adventitious roots play a crucial role in the nourishment and propagation of arboreal 

vegetation. In order to shed light on the physiological and biochemical characteristics of the 

challenging-to-propagate mulberry tree species, an investigation was conducted. This study aimed 

to compare the responses of various root morphological indicators, endogenous hormones, and 

oxidase activities in the "Yueshenda 10" fruit mulberry, at different stages of treatment. The ultimate 

objective was to identify the factors influencing the process of root development. The findings 

revealed a distinct '/\' pattern in the levels of IAA and JA within the cuttings. Conversely, the 

changes in ABA, ZR and GA3 exhibited a '/\/' pattern. The fluctuation of IAA/ABA values followed 

a '\/\' mode, whereas the IAA / ZR values initially increased, followed by a subsequent decrease. 

The correlation between the initial concentrations of these five endogenous hormones and the 

rooting rate displayed variations. Notably, IAA demonstrated the strongest association with the 

rooting rate, exhibiting a positive correlation with both IAA and ZR. Regarding the activity of three 

antioxidant enzymes (IAAO, POD and PPO), a '/\' trend was observed, wherein the enzyme activity 

increased under ABT1 treatment. However, the peak activity levels of the enzymes appeared during 

different periods: germination, induction, and expression, respectively. Overall, the most effective 

treatment for promoting root development and significantly enhancing the root growth parameters 

of mulberry was found to be 800mg/L ABT1. Exogenous hormone treatment expedited the synthesis 

of antioxidant enzymes, thereby shortening the rooting time and facilitating root formation. 

Keywords: mulberry; cuttings; adventitious roots; endogenous hormones; oxidase activity 

 

1. Introduction 

Morus, an essential ligneous organism, possesses multifaceted values encompassing its 

significance as a vital sustenance for silkworms, as well as its economic, medicinal, and ecological 

merits. Mulberry, an integral facet of Chinese agrarian culture, boasts an extensive history of 

cultivation, yielding profound cultural accretion since the early stages of civilization. Numerous 

studies have elucidated the formidable challenge of propagating the mulberry tree species, with the 

meager seedling rooting rate posing a significant predicament in mulberry cultivation1. While the 

optimization of cultivation methods has proven efficacious in augmenting the mulberry seedling 

rooting rate, there remains a dearth of mature agricultural technologies to enhance seedling survival 

rates. The growth of mulberry seedlings is predominantly sustained by the absorption and 

transportation of nutrients through the roots2, making them susceptible to adverse soil conditions 

that can impede growth and development, even jeopardizing the survival of mulberry seedlings3. It 

is evident that enhancing the physiological parameters governing mulberry seedling growth, as well 

as fortifying root capabilities in soil moisture and nutrient absorption, can instigate robust growth 

and development throughout the seedlings' lifespan, thereby bolstering mulberry yield4. 

Drawing upon prior investigations, cutting techniques have shown promise in ameliorating 

mulberry survival rates. For tree species notorious for their resistance to rooting, the judicious 
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application of plant growth regulators can expedite crucial processes such as cell division, rhizome 

elongation, and floral and fruit maturation[5-7]. This study ascertained that exogenous hormones 

promote the growth and differentiation of the basal root of mulberry twig cuttings, facilitating the 

emergence of adventitious roots8. The findings pertaining to mulberry cuttings revealed that the 

employment of ABT1 solution expedited wound healing at the lower incision, curtailed the rooting 

duration, and substantially augmented the post-transplantation rooting rate9. Notably, hormone 

concentration emerged as the primary determinant affecting twig cutting rooting, as verified by 

previous experimental results. Consequently, cutting propagation engenders the formation of intact 

new plants, while external plant growth regulators facilitate superior root development in seedlings, 

thereby ensuring robust fruit mulberry yield. However, investigations exploring the interplay 

between endogenous hormones10 and related enzyme activities11 during mulberry rooting in the 

context of cutting propagation remain scarce. Thus, this study delved into the impact of various ABT1 

concentrations on alterations in endogenous hormone content and oxidase activity throughout the 

mulberry twig cutting rooting process, thereby elucidating the physiological and biochemical 

underpinnings of mulberry rooting. Such endeavors hold immense significance in providing 

technical support and theoretical groundwork for mulberry cutting propagation and elucidating its 

rooting mechanism. 

2. Materials and methods 

2.1. Test materials 

The mulberry cultivars under examination encompassed the esteemed ‘Yueshenda 10’, 

meticulously chosen by the Sericulture and Agricultural Products Processing Institute of Guangdong 

Academy of Agricultural Sciences. These selections were introduced and meticulously cultivated 

within the mulberry orchard situated in the third residential zone of Henan Agricultural University, 

located in Henan Province. As the maternal source, vigorously thriving 3-year-old seedlings were 

employed, and semi-lignified branches from the current year were carefully obtained to prepare the 

cuttings. The cuttings were standardized in terms of diameter (0.6-0.8cm) and length (13-15cm), with 

a flat cut made at the upper end and a 45° oblique cut at the lower end. Bundled together, a total of 

80 plants comprised a bundle. Each cutting retained two complete buds and leaves, and only 1/2 of 

each leaf is retained. The experimental plant growth regulator utilized was ABT rooting powder 

(ABT1), sourced from the Forestry Research Institute of Beijing Academy of Forestry. 

2.2. Test method 

2.2.1. Cutting method 

The cutting facility is equipped with an automatic intermittent spray apparatus, complemented 

by a sunshade net structure top. The cutting pool spans a length of 20m and a width of 1.5m, with 

the upper section layered with a 30-centimeter-thick bed of pristine river sand serving as the cutting 

substrate. Preceding the cutting procedure, a carbendazim solution with a 50% mass fraction was 

evenly sprayed onto the substrate at a concentration of 800 times, ensuring thorough sand 

incorporation. Subsequently, the treated sand was left to dry for a period of 3 days. On the 4th day, 

the meticulously prepared cuttings underwent an initial rapid immersion in a 50% mass fraction 

carbendazim wettable powder solution, diluted at a concentration of 800 times, for a duration of 10 

seconds. Thereafter, a completely randomized block design was adopted, wherein the cuttings were 

immersed in an ABT1 hormone solution for a period of 30 minutes. The hormone concentrations were 

set at 200,500,800 and 1000 mg/L, while the control group was subjected to treatment solely with clear 

water. Each treatment constituted a single block, with three replicate samples per treatment, 

amounting to a total of 80 cuttings per replicate sample. Overall, five block groups encompassed a 

grand total of 1200 cuttings. The spacing between rows measured 15 cm, while the plant spacing was 

maintained at approximately 12cm. The cutting depth ranged between 5 and 6 cm, with the 

morphological lower end of the cuttings oriented downward and the buds and leaves positioned 
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upward. Following the cutting procedure, the seedlings were subjected to weekly disinfection 

utilizing carbendazim, with the spray interval and duration thoughtfully adjusted in accordance with 

prevailing weather conditions. The greenhouse temperature was regulated within a range of 20-29 

°C, while the air's relative humidity was maintained at 80-90%. 

2.2.2. Dynamic observation and index observation of rooting 

Following the cutting procedure, at intervals of 4 days, 2-3 cuttings were carefully extracted to 

capture photographic documentation of their root morphological transformations, thereby 

documenting the progression of rooting. Concurrently, a sampling investigation was conducted, 

facilitating the statistical analysis of adventitious root emergence and development. After a 48-day 

period of cutting, the complete root system of each plant was extracted from the substrate and 

meticulously cleansed to eliminate any extraneous matter. Subsequently, the number of roots, the 

length of each root, and the rooting rate were meticulously tallied, with root length measurements 

precise to 0.01 cm. 

2.2.3. Determination of physiological and biochemical indexes 

At specific time points, namely 0,12,24,36 and 48 d after the initial cutting, a total of twelve 

cuttings, all at the same developmental stage, were selected. Subsequent to a thorough water wash, 

a 2-centimeter segment of the cutting's base cortex was carefully collected, followed by the swift 

removal of the phloem, which was then sectioned into pieces. The collected samples should be 

thoroughly amalgamated and expeditiously immersed in liquid nitrogen, followed by their 

preservation within an ultra-low temperature freezer at -80℃ within 2h, in order to facilitate 

subsequent utilization. The endogenous hormone content and oxidase activity of the cuttings treated 

with ABT1 at concentrations of 200,500,800 and 1000 mg/L, as well as the control group (CK), were 

determined. The determination of endogenous hormone levels and oxidase activity in the cuttings 

was performed utilizing an ELISA kit, whereby the mass fractions were precisely quantified. A panel 

of five endogenous hormones, namely indoleacetic acid (IAA), abscisic acid (ABA), jasmonic acid 

(JA), cytokinin (ZR) and gibberellin (GA3) and three oxidase activities such as peroxidase (POD), 

oxygen polyphenol oxidase (PPO) and indoleacetic acid oxidation (IAAO) were dynamically 

detected by double antibody one-step sandwich enzyme-linked immunosorbent assay (ELISA). 

3. Results and analysis 

3.1. Growth and development of adventitious roots 

The development of adventitious roots in mulberry cuttings originates from the callus region,  

thereby classifying it as callus rooting in terms of morphology. Figure 1 depicts the morphological 

transformations occurring at the base of the rooting cuttings in mulberry. Based on the observation 

of the base morphology, these transformations can be broadly categorized into five stages. The initial 

stage involves the preparation of the cuttings for rooting. The period from 1 to 12 days represents the 

germination stage, characterized by varying degrees of basal swelling and partial callus formation. 

From 12 to 24 days, the induction stage takes place, during which a substantial amount of callus tissue 

forms, with the majority of cutting sites exhibiting swelling accompanied by white protrusions at the 

callus tissue, ultimately giving rise to root primordia. The period from 24 to 36 days corresponds to 

the expression stage, wherein root primordia differentiate and visible adventitious roots emerge, 

reaching a length of approximately 2-3 centimeters. Lastly, the elongation stage occurs from 36 to 48 

days, during which adventitious roots continue to elongate. Table 1 illustrates the rooting outcomes 

of mulberry cuttings treated with different concentrations of ABT1 after 48 days of cutting. The 

results indicate that the treatment group subjected to 800mg/L ABT1 exhibited a significant impact 

on both the rooting rate and average number of roots, surpassing the other treatment groups. 

Additionally, notable variations in root length were observed among different hormone 

concentrations. In general, the rooting parameters of mulberry under varying ABT1 concentrations 
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exhibited an initial increase followed by a subsequent decrease with increasing concentration, with 

the most favorable outcomes observed at a concentration of 800mg/L ABT1. 

 

Figure 1. Morphological changes of the base of cuttings for rooting of mulberry cuttings. 

Table 1. Rooting indexes of mulberry treated with different concentrations. 

Index 
ABT1 concentration(mg/L-1) 

200 500 800 1000 0(CK) 

Rooting rate 

(%) 
46.67±0.58b 45.77±0.51b 64.63±0.35a 20.73±1.41c 18.20±0.60c 

Average 

number of 

roots 

(Strip/Plant) 

5.22±0.17b 5.56±0.20b 8.36±0.18a 2.89±1.11c 2.30±0.05c 

Average root 

length 

(cm) 

4.73±0.06bc 4.77±0.05b 5.86±0.10a 4.62±0.06c 1.07±0.07d 

Longest root 

length 

(cm) 

6.37±0.23c 8.53±0.23b 9.17±0.13a 3.50±0.13d 3.25±0.15d 

Note: The same lowercase letters indicate that the rooting index of cuttings treated with different concentrations 

is not significantly different at the 0.05 level, and the different lowercase letters indicate that the difference is 

significant at the 0.05 level. 

3.2. Endogenous hormone content during adventitious root formation 

3.2.1. Dynamic changes of endogenous hormone IAA in the process of cuttings rooting 
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The IAA content of the cuttings subjected to ABT1 treatment and the control group exhibited a 'rise-

fall' pattern(Figure 2, A). In the treatment group, the IAA increased rapidly from the day of cutting 

and reached its peak on the 24th day, followed by a rapid decrease. Among the treatment groups, the 

cuttings treated with 800mg/L ABT1 displayed the highest IAA content (134.27 ng·g-1). This indicates 

that the IAA content increased from the initial cutting stage until the formation of root primordia 

during callus differentiation, significantly decreased during the formation of adventitious roots, and 

decreased further during the formation and elongation of a substantial number of adventitious roots. 

This trend exhibited a stable pattern of change. In the control group, the IAA content increased 

gradually and reached its peak on the 36th day, which was 12 days later than that of the treatment 

group. These results suggest that a lower level of endogenous IAA is conducive to promoting the 

growth of adventitious roots. Previous studies have highlighted the requirement for higher levels of 

endogenous IAA to induce the formation of root primordia during adventitious root development. 

However, the IAA content decreases during the growth and differentiation of root primordia, 

indicating a correlation between increased IAA content and the formation and occurrence of 

adventitious roots[12-14]. This experiment supports the same observation, affirming that IAA serves as 

a crucial endogenous hormone in the induction of adventitious root formation in mulberry cuttings. 
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Figure 2. Effects of different concentrations of ABT1 treatment on the changes of endogenous 

hormones in the base of mulberry cuttings. a IAA content, b ABA content, c ZR content, d GA3 

content, e JA content. The data showed the mean+standard deviation of the three repeated samples, 

and the difference between different lowercase letters was significant (P＜0.05). 

 

3.2.2. Dynamic changes of endogenous hormone ABA in the rooting process of cuttings 

During the rooting process of mulberry twig cuttings, both the control group and the treatment 

group exhibited a similar change trend in ABA content, following a pattern of 'first increase, then 

decrease, and then increase'(Figure 2, B). In the early stage of cutting (0-12 days), the endogenous 

ABA content showed a significant increase, indicating that hormone treatment did not have a notable 

impact on the initial ABA content. From 12 to 24 days, there was a significant decrease in endogenous 

ABA content, with the control group displaying higher levels compared to the treatment group. 

Furthermore, the endogenous ABA content continued to decrease from 36 to 48 days. This 

observation suggests that the decrease in ABA content during the transition from the initial callus 

stage to the large callus stage facilitates the transport of IAA or other rooting substances from leaves 

to the base of the plant15. Subsequently, the ABA content increased from the formation to the 

elongation of adventitious roots, potentially due to accelerated cell division resulting in reduced ABA 

production. Once callus formation occurred, entering the rooting stage was accompanied by reduced 

cell division, leading to increased ABA production. Additionally, the endogenous ABA content 

exhibited an inverse relationship with the rooting rate, indicating that high levels of ABA content can 

inhibit the formation of adventitious roots. 

3.2.3. Dynamic changes of endogenous hormone ZR in the rooting process of cuttings 

The change trend of ZR content in the cuttings of the treatment group and the control group 

exhibited inconsistencies(Figure 2, C). In the ABT1-treated cuttings, the ZR content showed an initial 

increase, followed by a decrease and then another increase. Conversely, the control group displayed 

a decrease, followed by an increase, and then a subsequent decrease. The peak ZR content in the 

ABT1-treated cuttings was observed at 12 days after cutting, reaching a maximum of 16.28ng/g-1. 

During the early stage of cutting, the formation of callus benefited from the accumulation of ZR, 

promoting cytoplasmic differentiation. The process of cell division and differentiation requires a 

significant amount of ZR, hence the decreasing trend in ZR content during the induction and 

formation stages of adventitious roots in the treated cuttings. On the other hand, tissues such as root 

tips stimulate the synthesis of ZR during the formation and elongation of adventitious roots, leading 

to an increase in ZR content. In the control group, the peak ZR content appeared 24 days after cutting, 

which was 12 days later than the treated cuttings, aligning with the delayed formation of callus. 

Furthermore, the ZR content in the control group was lower than that in the treatment group, 

indicating weaker cell division ability, which is not conducive to the induction of rooting. 

3.2.4. Dynamic changes of endogenous hormone GA3 in the rooting process of cuttings 

During the rooting process of mulberry cuttings, the change in GA3 content in the control group 

exhibited a double-peak curve of 'increase-decrease-increase-decrease', while the change of GA3 

content in the treatment group showed a single-peak curve of 'decrease-increase-decrease'(Figure 2, 

D). The first peak in GA3 content appeared at 12d, and the peak level was higher in the hormone-

treated group compared to the control group. This indicates that a high level of GA3 content is 

favorable for callus induction, and ABT1 treatment can expedite the formation of callus. During the 

critical rooting period of 12~24d, the GA3 content of cuttings in all treatments exhibited a significant 

decrease followed by an increase. In the control group, the second peak occurred on the 36th day. 

However, the GA3 content of cuttings in the treatment group was lower than that in the control group 

between 24d and 36d.This suggests that exogenous hormone treatment effectively reduced the 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 July 2023                   doi:10.20944/preprints202307.0465.v1

https://doi.org/10.20944/preprints202307.0465.v1


 7 

 

endogenous GA3 content of cuttings during the adventitious root formation stage in the twig cutting 

process, and a lower concentration of GA3 content was conducive to root formation. 

3.2.5. Dynamic changes of endogenous hormone JA in the rooting process of cuttings 

Jasmonate (JA) has the ability to induce the rapid accumulation of auxin at the injured site, 

thereby altering the function of plant stem cells and initiating lateral primordium formation16. 

Throughout the entire process of adventitious root formation, the JA content exhibited an 'up-down' 

trend(Figure 2, E). The change in JA content was consistent between the cuttings of the treatment 

group and the control group, with the treatment group showing higher levels of JA compared to the 

control group. The JA content accumulated rapidly during callus formation. Similar to IAA, the JA 

content reached its peak during the differentiation of callus into root primordia, which provided a 

basis for the initiation and elongation of adventitious roots. After the formation of a substantial 

amount of callus, the JA content decreased sharply as root primordia developed and adventitious 

roots formed. The analysis indicates that the rapid accumulation of JA in the early stages promotes 

adventitious root formation, while the low level of JA content in the later stages facilitates the 

formation of secondary lateral roots. 

3.2.6. Changes of endogenous hormone ratio in cuttings treated with different concentrations of 

ABT1 

The IAA/ABA values exhibited a 'decrease-increase-decrease' pattern within each group(Figure 

3, A). From 0 to 12 days, there was a decline, with the control group displaying a lower IAA/ABA 

value compared to the treatment group. This suggests that a lower initial IAA/ABA value was 

advantageous for callus formation. Between 12 and 36 days, the ratio increased, peaking at 24 days 

in the treatment group, 12 days earlier than in the control group. This indicates that during the 

formation phase of adventitious root primordia in the cuttings, the ABA content decreased while the 

IAA content increased, thereby promoting the differentiation of root primordia into adventitious 

roots. Subsequently, after 24 days, the IAA/ABA ratio experienced a rapid decline, favoring root 

development. From 0 to 24 days post-cutting, the IAA/ZR value in the ABT1 treatment group 

progressively rose, reaching a peak significantly higher than that of the control group(Figure 3, B). 

This suggests a greater need for IAA/ZR during the early stages of callus formation. Based on the 

analysis, it can be concluded that the formation of callus, the generation of adventitious roots, and 

the elongation growth were primarily facilitated by the synergistic influence of IAA and ZR during 

the rooting process of mulberry cuttings. 

 

Figure 3. Effects of different concentrations of ABT1 treatment on the ratio of endogenous hormones 

in the phloem of mulberry cuttings. The data show the mean+standard deviation of the three repeated 

samples. There was a significant difference between different lowercase letters (P＜0.05). 

3.3. Changes of oxidase activity during rooting of cuttings 
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The POD activity of the cuttings displayed a unimodal trend characterized by an initial increase 

followed by a decrease(Figure 4, A). Prior to the emergence of adventitious roots, it exhibited 

continuous growth, reaching its peak at 24 days and subsequently declining during the elongation 

phase of adventitious roots. From 0 to 12 days, the ABT1 treatment group demonstrated a rapid 

increase in POD activity, while the control group exhibited a slower increase. This stage 

corresponded to the separation of the cuttings from the parent plant, and POD played a role in 

enhancing the stress resistance of plant cells. Between 12 and 24 days, the POD activity of both the 

ABT1 treatment group and the control group reached its zenith, with the highest and lowest values 

recorded as 4.90U·g-1and 3.24U·g-1, respectively. From 24 to 48 days, the IAA treatment group and 

the control group displayed a downward trend in POD activity. This can be attributed to the POD 

enzyme's ability to oxidize and decompose indoleacetic acid, thereby regulating plant growth and 

development[17-18] and promoting callus formation. Throughout the entire rooting process, the POD 

activity of the ABT1 treatment group consistently surpassed that of the control group, indicating that 

ABT1 enhanced POD activity in the cuttings, and a heightened level of POD activity was beneficial 

for mulberry twig cutting rooting. 

 

 

Figure 4. Effects of different concentrations of ABT1 treatment on phloem oxidase activity of mulberry 

cuttings. 

The PPO activity of the cuttings demonstrated a unimodal pattern characterized by an initial 

increase followed by a decrease, peaking at 36 days after cutting(Figure 4, B). The PPO content varied 

across different treatments in each period, with the order being CK＜1000mg/L＜200mg/L＜500mg/L

＜800mg/L. However, the PPO activity exhibited differences among the various treatments during 

each period. This indicates that elevated levels of PPO activity contribute to the formation of the 'IAA-

phenolic acid complex,' which facilitates callus and root formation and development. Cutting for 36 

days, the PPO activity of the cuttings demonstrated varying degrees of decline. In the control group, 

this decrease may be attributed to a reduction in its activity and metabolic levels, while in the 

treatment group, it may be due to the elongation growth of the roots, no longer necessitating higher 

PPO activity. Studies have shown that PPO activity increases during the expansion of callus and the 
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staggered rooting period, promoting the development of root primordia and the induction of 

adventitious roots. Subsequently, PPO activity decreases, thereby facilitating the elongation of 

adventitious roots19. The findings of this study are consistent with these observations. 

IAAO modulates the formation and development of adventitious roots by regulating the level 

of IAA content in cuttings. The IAAO activity of the cuttings in the treatment group exhibited a 

unimodal pattern characterized by an initial increase followed by a subsequent decrease. Conversely, 

the overall dynamics of IAAO activity in the cuttings from the control group demonstrated a bimodal 

trend of 'rising-falling-rising-falling'(Figure 4, C). A peak was observed at 12 days after cutting. In 

the treatment group, cuttings treated with 800mg/L ABT1 was 504.51U·g-1, surpassing the control 

group by a factor of 1.2. This observation suggests that hormone treatment can induce heightened 

IAAO activity, thereby fostering callus formation. However, IAAO activity declines during the 

process of root formation and elongation. This decrease may be attributed to the fact that reduced 

IAAO activity results in elevated IAA levels, which in turn facilitate root development. The control 

group exhibited a second peak at 36 days, with the IAAO content in the cuttings surpassing that of 

the treatment group. This occurrence can be ascribed to the decay of certain roots from the mulberry 

twigs during the cutting process, leading to a continuous increase in IAAO activity. Consequently, 

the majority of cuttings perished between 36 and 48 days, resulting in a decline in IAAO activity. 

4. Discussion 

The application of exogenous plant growth regulators can influence the stress tolerance of plants 

by exerting the activity of endogenous plant hormones. The responsiveness of root-related oxidase 

activity to growth regulators varies depending on the concentration of the hormones. In this study, 

we aimed to investigate the impact of ABT1 on root growth parameters, endogenous hormones 

related to root development, and oxidase activity in mulberry cuttings. Additionally, we examined 

the response of seedling roots to varying concentrations of root regulatory factors. 

4.1. The relationship between exogenous hormones Treatment and  rooting of cuttings 

The selection of growth regulators constitutes the primary determinant influencing root growth 

parameters. In certain investigations, ABT1 has been acknowledged as a potent growth regulator, 

capable of enhancing both the rooting rate and rooting effect of cuttage[20-22], aligning with prior 

experimental findings23. Thus, ABT1 was employed as an exogenous hormone in this study to 

investigate the physiological and chemical responses of cuttings under hormonal influence. Within 

our study, the impact of root growth parameters varied according to the concentration of ABT1. The 

optimal concentration of ABT1(800mg/L) demonstrated a significant enhancement across all root 

growth parameters, surpassing the other treatments. Conversely, an excessive concentration of ABT1 

impeded root growth. Similar outcomes have been observed in horticultural studies focusing on 

adventitious root development experiments24. 

4.2. The relationship between adventitious root formation and endogenous hormones in twig cuttings of 

mulberry 

It was observed that the morphological transformations associated with adventitious root 

development were concomitant with the modulation of endogenous hormones. The content of IAA 

exhibited a positively correlation with the rooting rate, whereas the level of ABA displayed a negative 

correlation. These findings align with the research outcomes of Buxus microphylla, which indicate 

that disparities in post-cutting rooting ability correspond with alterations in endogenous hormone 

levels such as auxin, abscisic acid, and gibberellin25. According to reports, IAA serves as the principal 

endogenous hormone responsible for promoting the rooting of plant cuttings26. High concentration 

of IAA facilitate increased cell division within the root meristem, while lower concentrations expedite 

cell differentiation in the root elongation zone27. The results obtained in this study revealed that the 

endogenous hormone IAA reached its highest level when treated with 800mg/L, followed by 

500mg/L and 200mg/L, with 1000mg/L yielding intermediate levels, and the control group (CK) 
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displaying the lowest concentration. The IAA content in the mulberry cuttings exhibited a significant 

increase during the callus production and root primordium differentiation phases, peaking at 24 

days, which closely corresponded with the observed timing of root primordium formation. 

Comparatively, the cuttings in the treatment group demonstrated a rapid accumulation of IAA, 

enhancing the induction and differentiation of root primordia in contrast to the control. However, 

during the period of adventitious root expression, a declining trend was observed, possibly due to 

the gradual consumption of IAA as the adventitious roots penetrated the epidermis, resulting in 

decreased IAA content at the base of the new shoot. Notably, the peak time of IAA in the treatment 

group's cuttings occurred 12 days earlier than in the control group, suggesting that the swift surge in 

IAA content within the cuttings may primarily contribute to their early rooting. Consequently, IAA 

is deemed the primary endogenous hormone promoting the formation of adventitious roots in 

mulberry cuttings, corroborating the outcomes of previous investigations[28-30]. However, further 

verification is required to determine whether low concentrations of IAA exert a positive influence on 

adventitious root elongation. 

Most studies indicate a close association between GA3 and ABA with the inhibition of root 

formation31. There are multiple potential mechanisms through which gibberellin may impede 

adventitious root formation. Firstly, gibberellin restrains the division of root primordium cells32. 

Secondly, gibberellin impedes the further growth and development of auxin-induced root 

primordia33. In the present study, the GA3 content within the cuttings exhibited a significant increase 

during the 0-12 day period, thereby inhibiting the formation of adventitious root callus. During the 

induction and initiation of adventitious roots, the control treatment (CK) displayed the highest level 

of endogenous GA3, followed by the 800mg/L, 200mg/L or 500 mg/L, with the 1000mg/L treatment 

yielding the lowest concentration. This finding aligns with a previous investigation, which 

demonstrated that high concentrations of GA3 inhibited the formation of adventitious roots in 

cuttings34. The study also revealed that ABA content was higher in the early stage of cutting and 

subsequently decreased during the formation of adventitious roots. This pattern facilitated the 

hydrolysis of starch into sugars within the cuttings, promoting the development of root primordia 

and rooting of the cuttings35. The experimental results corroborated this, indicating an initial increase 

in ABA content following cutting, likely attributed to the stress response triggered by the incision 

injury, leading to the production of substantial amounts of ABA to enhance the resilience of the 

cuttings. Within the 30-day period following cutting, the highest ABA levels were observed in the 

control group, followed by the 800mg/L or 500mg/L treatments, while the 200mg/L and 1000mg/L 

treatments exhibited the lowest concentrations. Furthermore, during the phase spanning from callus 

formation to adventitious root initiation, the ABA content progressively decreased, underscoring the 

beneficial impact of lower ABA levels on rooting, which aligns with the conclusion that higher 

concentrations of ABA inhibit rooting.  

According to reports, CTKs, including ZR and CTK, are a class of cytokinins that primarily 

promote cell division and root elongation36. Significant variations in ZR concentration were observed 

across different treatment concentrations and stages. Through research, it was found that the 

treatment group exhibited much higher levels of ZR than the control group during callus formation 

and the formation and elongation of adventitious roots. The appropriate concentration of ABT1 was 

able to induce ZR production. Specifically, the highest endogenous ZR level was observed when 

treated with 800mg/L, followed by 500mg/L, 200mg/L or 1000mg/L, with the control group exhibiting 

the lowest concentration. Similar to ABA, JA (jasmonic acid) also exerts an effect on rooting. Studies 

have demonstrated that the stimulation of wounds in cuttings leads to an increase in JA levels at the 

base of the cuttings, promoting cell division and differentiation37. In this experiment, the JA content 

increased during the initial stage of cutting and callus formation, followed by a varying degree of 

decrease, consistent with the findings that high JA levels facilitate callus formation during the callus 

formation phase38. In addition to the influence of individual endogenous hormones, multiple 

endogenous hormones work in conjunction to regulate rooting39. Studies have highlighted that the 

endogenous IAA/ABA ratio serves as a reliable indicator for the successful development of 

adventitious roots in vitro after regeneration treatment40. In this experiment, the IAA/ABA ratio 
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significantly increased during callus formation and root primordium induction in the treatment 

group, surpassing the levels observed in the control group. A higher IAA/ABA ratio emerged as a 

key factor for the initiation and growth of adventitious roots. The IAA/ZR ratio initially increased 

and then decreased in the treatment group, exhibiting a significant difference between the two 

groups. The control group displayed a fluctuating pattern of "up-down-up-down." According to the 

rooting process, the IAA/ZR value increased during callus formation and adventitious root induction, 

followed by a decrease during adventitious root expression and elongation. These findings 

demonstrate that a higher IAA/ZR value is conducive to the formation of adventitious roots. 

4.3. Relationship between adventitious root formation and related enzyme activity in twig cutting 

The response of root-related oxidase activity to growth regulators exhibited variability 

depending on the concentration of hormones. Different concentrations of ABT1 demonstrated 

varying degrees of improvement in the antioxidant enzyme activity of mulberry roots, effectively 

enhancing their overall activity. According to reports, PPO and POD are involved in numerous 

physiological and biochemical processes in plants, playing a crucial role in cell division, 

differentiation, and the formation and growth of root primordia41. One significant function of PPO is 

its ability to catalyze phenolic substances, which can synthesize a complex with IAA: IAA-phenolic 

acid complex. This complex promotes callus differentiation and stimulates the formation of 

adventitious roots42. Research has confirmed that high PPO activity during the rooting process is an 

indicator of better rooting ability of cuttings43. POD, on the other hand, acts to neutralize inhibitory 

substances that impede the occurrence of adventitious roots. An increase in POD activity during the 

induction and initiation stages of adventitious roots signifies an enhanced rooting capacity in 

cuttings[44-45]. The study revealed a consistent pattern of "up-down" changes in the activities of POD, 

PPO, and IAAO in cuttings treated with ABT1. Specifically, the enzyme activities significantly 

increased during the callus formation stage, effectively promoting the rooting of mulberry twig 

cuttings, albeit with slight variations in the later stages. The PPO activity in the ABT1 treatment group 

displayed a similar trend to that of the control group, continuously increasing during the adventitious 

root induction and occurrence stages, and decreasing during the root elongation stage. ABT1 

treatment resulted in a significant increase in PPO activity at the base of the cuttings compared to the 

control group, with significant differences observed at different stages. This was conducive to the 

induction and occurrence of roots, aligning with research findings on Lycium barbarum twig 

cuttings46. Previous studies have demonstrated that lower IAAO activity during the induction and 

development stages of adventitious roots facilitates the accumulation of IAA in cuttings, promoting 

the occurrence and development of adventitious roots47, consistent with the results of this 

experiment. Furthermore, compared to the other two root-related enzymes, POD activity displayed 

less sensitivity to plant growth regulators. Within a concentration range of 800mg/L-1, POD activity 

in the roots remained highly stable. 

5. Conclusion 

The utilization of ABT1 at a concentration of 800mg/L significantly enhanced the rooting rate, 

average number of roots, average root length, and longest root length of mulberry twigs. ABT1 

treatment resulted in increased levels of IAA and JA, while decreasing the levels of ABA, ZR and 

GA3 in mulberry cuttings. The insufficient endogenous IAA content during the critical rooting period 

is one of the primary factors contributing to the challenging rooting process in mulberry, as it 

hampers the induction of root primordium initiation cells. Although ABA inhibits rooting, it actively 

participates in signal transduction during adventitious root induction and enhances the resistance of 

cuttings. The content of ZR exhibits significantly increments during the elongation phase of 

adventitious roots. GA3 predominantly functions during the early stages of cutting and the formation 

and elongation of adventitious roots. Additionally, the interplay of endogenous hormones 

collectively influences the rooting of cuttings. A lower IAA/ABA ratio facilitates the formation and 

elongation of adventitious roots, while a higher IAA/ZR value fosters the rooting of cuttings. The 
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activities of POD, PPO, and IAAO demonstrate an overall trend of 'increase-decrease', with ABT1 

treatment generally augmenting the activities of POD and PPO, while inhibiting the activity of IAAO. 
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