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ABSTRACT 

The study aimed to optimize the micropropagation process, including seed sterilization, 
shoot multiplication and in vitro rooting and to investigate the effect of arbuscular 
mycorrhizal fungi (AMF) inocula on the stimulation of the plantlets (Asparagus officinalis) 
growth. The results showed that the highest germination rate was 90% when the seeds were 
disinfected with 6% sodium hypochlorite for 10 minutes. A Murashige and Skoog medium 
(MS) supplemented with 2.0 mg/L kinetin and 0.1 mg/L naphtalen-acetic acid effectively 
promoted the shoot formation with 6.6 shoots/explant and shoot length reaching 6.24 cm. 
Shoots cultured on semi-MS supplemented with 0.7 mg/L indole-3-butyric acid gained the 
best rooting rate of 42.67%, an average of 3.73 roots/plant, root length reaching 3.93 cm and 
no callus formation. The plantlets treated with each of three different AMF inocula grew 
better and achieved a 100% survival rate. Among them, the treatments amended with either 
AMF-SA or AMF-SC inoculum recorded the highest performance, with an average of 13.6 
and 13.2 stems and plant heights of 66.38 and 66.26 cm, respectively. The combination of the 
micropropagation and AMF improved the propagation efficiency and growth performance of 
the asparagus in the plantlet stage. 

Keywords: Asparagus officinalis, micropropagation, rooting in vitro, arbuscular mycorrhizal 
fungi. 
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1. INTRODUCTION  

Asparagus species is recognized as a perennial 
plant with several valuable functional ingredients, 
and has been widely used as medicine and food 
since ancient times [1]. It is grown globally in 
various climatic conditions [2]. A green asparagus 
is a perennial plant that is packed with nutrients 
and has a delightful taste [3], is one of the top 20 
vegetable crops in the world. The largest 
production regions are China, Western Europe, 
North America and Peru [4]. However, the 
expansion of the cultivated area in Vietnam is 
constrained by the growers' challenge in sourcing 
high-quality seedlings.  

Micropropagation is a widely recognized 
method of vegetative propagation that allows for 

the production of numerous offspring plants [5]. 
This innovative method harnesses the potential of 
nutrient-rich media to efficiently replicate plant 
cells on a large scale, resulting in the rapid 
production of mature and disease-free plants [6]. 
For asparagus, tissue culture is especially 
important, the traditional propagation of the 
asparagus is ineffective; the seed germination rate 
is low, and vegetative propagation by mechanical 
division of the rhizome is time and money-
consuming and produces a very limited number of 
clonal copies of the plant [7]. Despite 
micropropagation being practiced for a long time 
in the asparagus, challenges such as low 
multiplication rate, low root formation rate, or 
weak root development still exist [8]. For efficient 
in vitro propagation protocols, it is essential that 
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the shoots root in large proportions and the 
regenerated plantlets acclimatize successfully. 
Rooting is a difficult process in recalcitrant species 
and without roots, the survival rate of acclimatized 
plants is reduced [9].  

Acclimatization is the last stage of the tissue 
culture technique which is crucial for the success 
of 'in vitro' plant propagation [10]. The 
mycorrhization of in vitro - propagated plants 
using arbuscular mycorrhizal fungi (AMF) is 
beneficial for micro-propagated plants, especially 
during acclimatization [11]. The AMF can promote 
the growth and yield of crops by increasing the 
use of nutrients [12], enhance host plant tolerance 
to drought stress [1, 13] and vigorously increase 
the plantlets [14]. Several reports showed that the 
application of the AMF improves the development 
of micro-propagated plantlets such as banana, 
blackberry and coconut [10, 11, 15]. 

In Vietnam, research on the micropropagation 
development of the asparagus industry is quickly 
developing. However, researches on a 
combination of beneficial microorganisms 
including AMF inocula with micro-propagated 
plantlets are very few. The study was conducted to 
optimize the micropropagation process of the 
asparagus (Asparagus officinalis) and to determine 
the impact of three different AMF inocula on the 
survival and growth of the asparagus 
micropropagated plantlets under greenhouse 
conditions. 

2. MATERIALS AND METHODS 
The experiment was conducted from May to 

December, 2024 at laboratories of the plant 
genetic engineering and the agricultural 
microbiology, Institute of Food and Biotechnology; 
and the greenhouse of College of Agriculture, Can 
Tho University. The tissue culture room 
maintained suitable conditions with a photoperiod 
of 16 hours of light per day, temperature set at 25 
± 2˚C, humidity ranging from 50 to 60% and light 
intensity of 3,000 Lux [16]. The study was 
conducted in a greenhouse under controlled 
conditions, with a mean temperature variation 
from 25˚C to 35˚C, minimum and maximum, 
respectively and relative air humidity of 45% [17]. 

2.1. Materials and chemicals 

The F1 heat-tolerant green asparagus of 
varieties “Atlas” (Asparagus officinalis L.) seeds 
were provided by GAFOCO Company. Murashige 
and Skoog (MS) basic nutrient medium containing 
30 g/L sucrose and 7 g/L agar was adjusted to a 
pH of 5.8 before sterilizing at 121˚C, 1 atm for 30 
minutes [8, 18]. Chemicals used in this study 
included kinetin (KIN), indol-acetic acid (IAA), 
naphtalen-acetic acid (NAA), indole-3-butyric acid 
(IBA), sodium hypochlorite (NaOCl), agar, 
sucrose, potassium hydroxide (KOH), acetic acid, 
glycerol, trypan blue. They were from Sigma 
Chemicals company (USA). Three AMF 
populations selected from an asparagus soil (AMF-
SA), a maize soil (AMF-SC) and a rice soil (AMF-
SR) were preserved at the agricultural 
microbiology laboratory, Institute of Food and 
Biotechnology, Can Tho University 

2.2. Methods 

2.2.1. Effects of different NaOCl 
concentrations and disinfection time periods on 
the seed germination 

The F1 asparagus seeds were first washed 
with soap for 10 minutes, followed by rinsing 
under continuously tap water for two hours. The 
seeds were then shaken with sterile distilled water 
for 1 minute and soaked in 70% ethanol for 1 
minute. Subsequently, the seeds were shaken with 
a 3% and 6% NaOCl solution for sterilizing for 5, 10 
and 15 minutes. Finally, the seeds were rinsed 
three times with sterile distilled water and 
cultured onto a basic MS medium after 
sterilization. The experiment was arranged in a 
completely randomized design with 6 treatments, 
3 replications, each replication had 5 vessels, and 
each vessel contained 5 seeds. The germination 
rate (%) was monitored at three time intervals (14, 
21 and 28 days) after culture. 

2.2.2. Effects of different growth regulators on 
shoot formation under the in-vitro experiment 

The study utilized 0.5 cm uniform asparagus 
shoot explants, cultured on the basal MS medium 
with 13 treatments and 3 replications for each 
treatment. Each replication had 5 vessels and each 
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vessel contained 3 cultures. The medium was 
supplemented with different concentrations of KIN 
(0, 1, 2, 3 and 4 mg/L) in combination with 
different concentrations of NAA (0, 0.1 and 0.5 
mg/L). The number of shoots, shoot height (cm) 
and shoot quality were determined after 30 days of 
culture. The shoot quality was assessed as 
described by Sallam (2019) [19] including: (+++): 
thick, dark green explants; (++): slightly thick, 
green explants; (+): thin, light green explants. 

2.2.3. Effects of different plant hormones on 
rooting formation under the in vitro experiment 

The well-developed shoots got about 4 - 5 cm 
in height from the 2.2.2 experiment were 
separated individually from the clusters of shoots. 
The detached shoots were placed on an MS 
medium containing half of the basal concentration 
[16], supplemented with each of NAA, IBA and 
IAA at different concentrations (0, 0.1, 0.3, 0.5 and 
0.7 mg/L) with 3 replications and 5 vessels each, 
making a total of 5 cultures per vessel. After 60 
days of culture, the root formation rate (%), 
number of roots, root length (cm), and root quality 
were recorded.  

2.2.4. Effects of the AMF populations on the 
plantlet growth under in vivo acclimation 

Plantlets with 1 - 2 shoots, 4 - 5 cm of height 
and at least 3 roots each were washed with tap 
water after being removed from the culture vessel 
to remove the adhering culture medium [16]. The 
plantlets were planted in perforated pots 
measuring 6 x 10 cm, filled with an organic 
substrate composted from a growing substrate of a 
melon plant, chicken manure, and a melon 
residue. The substrate had a humidity content of 
12%, pH = 7.67, EC = 3.03 mS/cm, total organic 
matter content (OM) = 31.63% and total nitrogen 
(Ntot) = 1.65%. Three AMF populations of AMF-
SA, AMF-SC and AMF-SR which directly applied 
into the roots of each plantlet with a density of 100 
spores and then filled with the growing substrate 
to cover the roots completely [20]. The study was 
repeated 10 replications, each replication was one 
pot, each pot planted one plantlet. During the 
experiment, plantlets were irrigated with osmosis 
water twice a week for two months [20]. The 

control treatment was set up similarly but without 
AMF amendment. The record survival rate (%), 
number of stems and plant height (cm) were 
collected at four-time intervals of 15, 30, 45 and 60 
days respectively after the acclimation. 

2.2.5. Evaluation of the presence of arbuscular 
mycorrhizal fungal infection 

After 60 days of the acclimatization, the young 
root segments of the asparagus plantlets were 
taken to examine the infection ability of different 
AMF populations according to the method of 
Dalpé and Séguin (2013) [21]. The stained root 
samples were observed under a digital microscope 
(Olympus CX23, Japan) with 40X magnification to 
identify the characteristic structures of the AMF 
including the presence of hyphae, of arbuscules, 
and of vesicles. 

2.3. Statistical analysis 
Data were processed using Microsoft Excel 

(Version 2013). The variance analysis was carried 
out by ANOVA to compare the differences in the 
means of treatments which was tested by Tukey’s 
test at a significant level of 5% using Minitab 16 
software.  

3. RESULTS AND DISCUSSION 

3.1. Effect of different NaOCl concentrations 
and disinfection time periods on in vitro seed 
germination ability 

When the concentration of NaOCl solution 
applied was increased from 3% to 6%, the 
germination rate also tended to increase with an 
average of 76.7% and 86.7%, respectively. 
Additionally, increasing the sterilization time from 
5 to 10 minutes seemed to increase in the seed 
germination rate. However, when the time period 
was increased to 15 minutes, the germination rate 
tended to decrease (Table 1). Therefore using a 6% 
NaOCl concentration for 10 minutes the 
germination rates increased steadily and gained 
90.0% at 28 days, which was significantly higher 
than that of the rates observed with other 
treatments. These findings aligned with previous 
observations that NaOCl was not effective in 
disinfection at low concentrations [22] while either 
excessive concentrations or prolonged exposure 
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can damage plant tissue [23]. Moderate 
disinfection concentration and time were observed 

to stimulate seed germination through the 
mechanism of partial seed coat degradation [24]. 

Table 1. Effect of NaOCl concentration and disinfection time on germination 
 Germination rate (%) Concentration NaOCl 

(%) 
Disinfection time 

(minute) 14 days 21 days 28 days Average (%) 
5 50.0b 60.0b 63.3b 

10 63.3ab 80.0ab 83.3ab 3 

15 66.7ab 80.0ab 83.3ab 

76.6 

5 66.7ab 76.7ab 86.7ab 

10 80.0a 86.7a 90.0a 6 

15 66.7ab 83.3ab 83.3ab 

86.7 

P ** ** **  

CV (%) 15.7 11.7 9.6  

Note: In the same column, numbers followed by the same letter are not statistically different 
according to Tukey's test, **: difference at the 1% significance level. 

3.2. Effect of KIN and NAA on in vitro shoot 
formation 

3.2.1. Number of shoots  
The results in table 2 showed that the medium 

supplements with various concentration of KIN 
and NAA had different effects on shoot formation 
after 30 days, with values ranging from 2.27 to 6.60 
shoots/explant. Notably, the culture transplanted 
in a medium without the plant growth regulators 
(PGR) produced only 2.20 shoot. In the present 
study, the highest number of shoots (6.60 
shoots/explant) was obtained from the medium 
supplemented with 2.0 mg/L KIN combined with 
0.1 NAA. These results showed an improvement 
over the 6.11 shoots reported by Thuy et al. (2020) 
[25], who used the MS medium supplemented 
with 2.0 mg/L KIN alone. Moreover, the findings 
were also consistent with the report that the MS 
medium without PGR gave the lowest number of 
shoots (1.55 shoots), while the addition of 1.0 
mg/L KIN combined with 0.05 mg/L NAA 

increased the number of shoots (2.55 shoots) [16]. 
The conclusion of Dahal and Joshi (2018) [26] 
indicated that supplementing KIN alone was not 
highly effective in the asparagus shoot kernels. 
However, KIN and NAA were found to be essential 
for shoot formation and growth in Aspagagus 
officinallis [16]. Additionally, the combined effect 
of KIN and NAA with high shoot multiplication 
efficiency has been observed in Moringa 
stenopetala [27] and Asparagus aphyllus [28]. The 
likely mechanism is that the rate of auxin and 
cytokinin application in the plant tissue culture can 
control the state of cell di-or dedifferentiation [29]. 
The KIN could promote cell division by 
strengthening the meristem, whereas the NAA 
aids in cell elongation and stabilizes initial 
formation. The combination of KIN and NAA at 
appropriate concentrations most likely established 
a balance of PGR and improved the asparagus 
shoot multiplication. 

Table 2. Effect of KIN and NAA on shoot formation after 30 days 
Plant growth regulators 

(mg/L) No. of shoots/explants Shoot height (cm) The quality of shoots 

Control 2.20g 7.03a + 
1 KIN + 0 NAA 3.60cd 4.76bcd ++ 

1 KIN + 0.1 NAA 3.00efg 4.69bcd ++ 
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1 KIN + 0.5 NAA 2.27g 1.97e ++ 

2 KIN + 0 NAA 4.80bc 6.22ab ++ 

2 KIN + 0.1 NAA 6.60a 6.24a +++ 

2 KIN + 0.5 NAA 5.40ab 3.79d ++ 

3 KIN + 0 NAA 4.47bcd 6.20ab ++ 

3 KIN + 0.1 NAA 4.27bcd 5.52abc +++ 

3 KIN + 0.5 NAA 3.40d 4.05cd ++ 

4 KIN + 0 NAA 4.27bcd 6.06ab ++ 

4 KIN + 0.1 NAA 4.20bcd 4.01cd ++ 

4 KIN + 0.5 NAA 2.40fg 3.51de ++ 

P ** **  

CV (%) 14.04 14.56  

Note: In the same column, numbers followed by the same letter are not statistically different 
according to Tukey's test, **: difference at the 1% significance level. Shoot quality was assessed as 
described by Sallam (2019) [19] including (+++): thick, dark green explants; (++): slightly thick, green 
explants; (+): thin, light green explants.  

 
Figure 1. Shoot formation on medium supplemented with different concentrations  

of KIN and NAA after 30 days 

Note: (1A): Control; (1B): 2 mg/L KIN + 0.1 mg/L NAA; (1C): 3 mg/L KIN + 0.1 mg/L NAA; (1D): 1 
mg/L KIN + 0.5 mg/L NAA; (1E): 4 mg/L KIN. 

3.2.2. Shoot height and the quality of shoot 
The shoot height and quality were 

significantly affected by the growth regulators of 
KIN and NAA (Table 2). In the control treatment 
(without PGR), the highest shoot height was 
recorded at 7.03 cm, however, the shoot quality 

was poor with thin, light green explants and weak 
shoots (Figure 1A). In contrast, the treatments 
supplemented with KIN and NAA generally 
resulted in decreasing shoot height while the 
shoot quality was significantly improved. Plant 
growth regulators are known to enhance plants' 

(1A) (1B) (1C) (1D) (1E) 
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regeneration ability to form various organs and 
tissues by determining embryonic fate in vivo and 
boosting regeneration efficiency in vitro [29]. 
Cytokines affect the formation of lateral shoots, 
inhibiting the aging of plant organs and tissues 
[30]. According to Al Malki and Elmeer (2010) 
[31], the medium supplemented with cytokinin 
combined with auxin will inhibit the height growth 
of Ficus anastasia, while simultaneously improving 
overall quality. In this study, the best shoot quality 
with thick, dark green explant and vigorous shoots 
was recorded in the treatments supplemented with 
2 mg/L and 3 mg/L KIN combined with 0.1 mg/L 
NAA, with shoot heights reaching 6.24 cm and 
5.22 cm, respectively, and was not significantly 
different from that of the control treatment 
(Figures 1B and 1C). The treatment of 1 mg/L 
KIN + 0.5 mg/L NAA had the shoot heights 
ranging from 1.97 cm to 6.20 cm with slightly 
thick, green, and steadily growing shoots (Figure 
1D). Notably, the treatment of 1 mg/L KIN + 0.5 
mg/L NAA had the lowest shoot height and callus 
formation at the shoot base (Figure 1E). The 
phenomenon of callus formation happens when 
the accumulation of auxins at the base of the shoot 
and stimulation of cell division, forming callus 
[32]. However, the regeneration of adventitious 
shoots or full plantlets is a method scarcely used 
in the micropropagation of selected genotypes due 
to the possible genetic variability resulting in a 
high rate of progenies without the parental 
characteristics, which is unsuitable [33]. 

3.3. Effect of NAA, IBA, IAA on in vitro root 
formation  

3.3.1. Roots formation rate 
One of the main changes in the 

micropropagation of the asparagus is root 
formation [33]. In this study, the control treatment 
(without PGR) did not promote root formation of 
the varieties “Atlas” asparagus at 60 days after 
culturing (Table 3, figure 2A). Among the auxin 
treatments, NAA had the highest root formation 
rate, ranging from 20.00 to 62.67%, and the optimal 
result was observed at 0.7 mg/L NAA with 62.67% 
(Figure 3C). Comparatively, IAA exhibited a 
minimal root formation rate (0.00 - 0.36%), while 

IBA led to a moderate root formation rate (10.67 - 
42.67%). However, the rooting efficiency observed 
in this study was lower than that in some previous 
publications. Specifically, Minh et al. (2022) [34] 
reported that shoots regenerated from callus 
cultured on medium supplemented with 0.5 mg/L 
NAA had a rooting efficiency of 74.59%. Similarly, 
Yavuz and Çömlekçioğlu (2022) [8] found that the 
asparagus shoots of the variety “Jersey Knight F1” 
achieved a rooting rate of 65% on medium 
supplemented with 0.5 mg/L IBA, while the “Mary 
Washington” variety achieved 62% under the same 
conditions [35]. These findings suggested that 
while the positive role of auxin in the direction of 
motility, root formation, the optimal type and 
concentration of auxin for rooting was plant-
species-dependent and explant type [8, 32, 36]. 

3.3.2. Number of roots 

Although the NAA had the highest root 
formation rate, all treatment concentrations 
resulted in callus formation at the root and the 
exact number of roots cannot be determined. 
Similar results on the “F1 male hybrid lines” also 
showed that NAA concentrations didn't record any 
significant values and only transparent rooted 
plantlets formed [19]. According to Wang et al. 
(2010) [37] highlighted that the asparagus was 
sensitive to NAA, so root edema often appears, 
affecting the growth of the plant at an acclimatized 
stage. In contrast, the results of this study showed 
that the supplementary treatments of IAA and IBA 
lead to a greater number of roots and root lengths 
at higher concentrations compared to lower 
concentrations. The treatment supplemented with 
0.7 mg/L IBA achieved the highest number of 
roots, with an average of 3.73 roots, followed by 0.5 
mg/L IBA with 3.00 roots. The IBA is more stable 
and less sensitive to auxin-degrading enzymes, 
which allows it to be gradually metabolized by the 
enzyme peroxidase. This stability may explain why 
it is more effective than other auxins [38]. 
Additionally, IBA is more biologically active than 
NAA and IAA in promoting root initiation because it 
serves as a precursor to endogenous IAA [39]. 
Furthermore, IBA remains significantly more stable 
than IAA when autoclaved [40]. 
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Table 3. Rooting ability of asparagus in medium supplemented with NAA, IAA and IBA  
with different concentrations after 60 days 

Auxin 
Concentration 

(mg/L) 
Root rate (%) No. roots 

Root length 
(cm) 

The quality of 
roots 

Control 0 0.00i 0.00e 0.00e - 
0.1 20.00g 0.00e 0.45d + 
0.3 46.67bc 0.00e 0.49d + 
0.5 52.00b 0.00e 0.62d + 

NAA 

0.7 62.67a 0.00e 0.64d + 
0.1 0.00i 0.00e 0.00e - 
0.3 0.00i 0.00e 0.00e - 
0.5 24.00fg 1.53cd 1.69c ++ 

IAA 

0.7 36.00de 1.73c 1.71c +++ 
0.1 10.67h 1.20d 1.60c + 
0.3 22.67g 1.67cd 1.61c ++ 
0.5 32.00ef 3.00b 3.27b +++ 

IBA 

0.7 42.67cd 3.73a 3.93a +++ 
P  ** ** **  

CV (%)  15.69 17.38 15.19  

Note: In the same column, numbers followed by the same letter are not statistically different 
according to Tukey's test, **: Difference at the 1% significance level. (+++): Vigorous and white roots; 
(++): Adventitious, short and yellow-brown roots; (+): Light green callus tissue surrounding the roots and 
slender root tips roots; (-): No roots formed. 

 

     
 

Figure 2. Roots formation in a medium supplemented with different concentrations  
of auxin after 60 days 

Note: (2A): Control; (2B): 0.5 mg/L NAA; (2C): 0.7 mg/L NAA; (2D): 0.5 mg/L IAA; (2E): 0.7 mg/L 
IBA. 

3.3.3. Root length and the quality of roots 
Although micropropagation has been 

practiced for a long time in asparagus, low 
propagation coefficient, weak roots or lack of root 
formation are concerned [8]. Therefore, PGR was 
added into the basal culture medium to enhance 

root induction and promote the development of 
healthier asparagus roots [34]. The results 
presented in table 3 showed that, in contrast to the 
root formation rate, the treatment supplemented 
with NAA resulted in shorter roots lengths, 
ranging from 0.45 to 0.64 cm. In particular, the 

(2A) (2C) (2B) (2D) (2E) 
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treatment supplemented 0.5 mg/L of NAA 
resulted in poor root quality, with the formation of 
light green callus tissue surrounding the roots and 
slender root tips (Figure 2B) and the 
concentration of 0.7 mg/L NAA, resulted in the 
largest callus formation (Figure 2C). The study 
also revealed that a concentration of 0.5 mg/L IAA 
led to the formation of adventitious short, yellow-
brown roots and leaf senescence (Figure 2D). This 
case aligned with the conclusion that IAA 
negatively impacted leaf development [41]. 
According to Sallam (2019) [19] the successful 
transplantation of Asparagus officinalis in vitro 
produced plantlets, it is required to improve 
vigorous storage roots (white root). The treatment 
with 0.7 mg/L IBA resulted in the longest root 
length, reaching 3.93 cm, with vigorous, and white 
root (Figure 2E). Similar findings were reported 
by Banharn and Kongthong (2023) [42] regarding 
the effectiveness of IBA in promoting asparagus 
root formation without abnormal root structures. 
Due to its stability and efficacy, IBA is frequently 
chosen for in vitro root induction in various plant 
species, such as Aloe vera and Prunus [5, 43]. 

3.4. Effect of AMF on the acclimation and 
growth of asparagus plantlets 

3.4.1. Survival rate of plantlets 
Acclimatization is the last stage of the tissue 

culture technique, which is crucial for the success 
of in vitro plant propagation [10]. Like other in 
vitro propagated plants, an ex vitro acclimatization 
process was required to ensure plant growth and 
survival of well-developed in vitro Asparagus 
officinalis plantlets when transplanted to soil or 
field environments [16]. The survival and 
performance of vegetables in the field production 
cycle depended on the plantlet quality and, in turn, 
the substrate [17]. The results presented in figure 
4A showed that in the control treatment without 
AMF inoculation, plant death began to appear after 
30 days of the acclimatization (DAA), with the 
percentage of surviving plants recorded at 60% and 
continued to decrease to 40% after 60 days. In 
contrast, the treatments inoculated with 
arbuscular mycorrhizal fungi (AMF-SA, AMF-SC 
and AMF-SR) maintained a survival rate of 100% at 

both survey stages. The results reported by 
Gómez-Falcón et al. (2023) [15] on coconut (Cocos 
nucifera L.) and Widijanto et al. (2024) [10] on 
kepok banana (Musa paradisiaca L.) also showed 
that AMF improved the survival of plantlets 
produced by the micropropagation. The superior 
survival in AMF-supplemented treatments clearly 
highlights the beneficial role for AMF in 
supporting the recovery of asparagus plantlets 
after in vitro culture. 

 
Figure 3. Plantlets survival rate at 40 and 60 

days after acclimatization 

3.4.2. Characteristics of arbuscular mycorrhizal  
fungi infection  

Microscopic observations of the roots 
revealed the presence of all three typical infection 
structures e.g. hyphae (Figure 4A), arbuscules 
(Figure 4B) and vesicles (Figure 4C), indicating 
good compatibility between all three AMF 
preparation and asparagus roots. This result is 
consistent with previous descriptions by Spinoso-
Castillo et al. (2023) [20], which showed hyphae 
were observed between the central cylinder and 
the parenchyma, along with the presence of 
arbuscular structures are inside the cells; forming 
hyphal extensions outside the cells was observed. 
Vesicles, on the other hand, are storage 
structures formed by AMF within plant cells. The 
vesicles contain nutrient reserves that act as a 
sustained supply for fungi and plants [44]. These 
structures are widely recognized as a key 
indicator of successful AMF symbiosis, which 
helps plants absorb water and nutrients, 
especially phosphorus [45]. 
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Figure 4. Root infection characteristics of 

asparagus plantlets by different AMF populations 

Note: (4A): hyphae; (4B): arbuscules; (4C): 
vesicles. 

3.4.3. Number of stems and plant height  
The results presented in table 4 indicated that 

at the 15 DAA stage, there were no statistically 
significant differences in the number of stems or 
plant height among the treatments. The number of 
stems ranged from 2.4 to 3.2, while the plant 
height was between 6.72 and 8.76 cm. However, a 
significant difference emerged starting from the 30 
DAA stage. The treatment without arbuscular 
mycorrhizal fungi (AMF) application significantly 
exhibited fewer in the number of stems (1.2 
stems) and a plant height got significantly shorter 
with 12.66 cm than those of other treatments. In 
contrast, the treatments applied with AMF 
included AMF-SA (6.6 stems; 19.08 cm), AMF-SC 
(6.2 stems; 18.96 cm) and AMF-SR (5.0 stems; 
17.60 cm) were shown significantly increase in 
both the number of stems and plant height, 
compared to those of the control treatment. Dewir 
et al. (2023) [11] reported that AMF improved 
acclimation in micro-propagated of Philodendron 
bipinnatifidum by enhancing photosynthetic 
activity. Similarly, Mohan and Joshi (2024) [13] 
indicated that AMF could improve plant tolerance 
to stress by improving nitrogen fixation, water 
uptake, soil structure, and pathogen resistance. In 
sugarcane plantlets, Spinoso-Castillo et al. (2023) 
[20] demonstrated that AMF enhanced water 
absorption and improved root systems by 

extending fungal hyphae to access to water and 
nutrient resources under artificial drought 
conditions. At the 45 DAA stage, the control 
treatment showed the slowest growth, recording 
1.4 stems and a height of 16.98 cm, while the 
AMF-applied treatments demonstrated significant 
differences. Among these, AMF-SA (9.4 stems; 
37.34 cm, respectively) and AMF-SC (9.2 stems; 
37.04 cm) resulted in significantly higher growth 
compared to the AMF-SR treatment (7.6 stems; 
29.32 cm). This trend continued through to the 60 
DAA stage, where the best growth was observed 
in the AMF-SA (13.6 stems; 66.38 cm) and AMF-
SC (13.2 stems; 66.26 cm) treatments, both 
outperforming the other treatments. Although all 
three treatments were treated with AMF, the 
marked differences in asparagus plantlets growth 
reflected the uneven symbiotic efficacy among the 
AMF preparations. AMF have a wide host range 
[46], however, plant species are known to respond 
differently to AMF [47]. This difference is 
reflected in the ability to colonize, transport 
nutrients, and trigger physiological responses in 
the host plant, which depends on the fungal 
species, the source of isolation, and the specific 
physiology of the plant. According to Navarro and 
Morte (2024) [14], careful selection of the 
appropriate AMF strain is an important step in the 
inoculation process to ensure compatibility 
between the fungus and the host plant. The 
superior performance of AMF-SA and AMF-SC can 
likely be attributed to their higher specificity and 
compatibility with Asparagus officinalis. These 
fungi were isolated from the rhizosphere of 
asparagus (AMF-SA) and maize (AMF-SC), both 
of which thrive in aerobic soil environments and 
share similar root characteristics. This facilitates 
the colonization and diversity of AMF 
communities within the host roots. Host plants 
may benefit from more diverse communities of 
AMF because they are more likely to match with 
an ideal AMF symbiont and because AMF's 
functional complementarity may facilitate greater 
resource acquisition [48]. In contrast, the AMF-
SR, originating from rice soil, may be less adapted 
to the root physiology of asparagus. This could 
lead to lower colonization efficiency and a reduced 
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ability to promote growth. Moreover, AMF also 
indirectly improve soil nutrient cycling and plant 
health by releasing organic acids, glomalin and 
signaling molecules that influence the structure 
and function of host rhizosphere bacterial 
communities [49]. The effectiveness of AMF-SR 
may be reduced due to its limited ability to interact 
with the rhizosphere bacterial community of 
asparagus. This limitation arises because the 
AMF-SR community is primarily adapted to 

anaerobic conditions found in flooded rice soil. 
When these strains were exposed to aerobic 
conditions in the substrate, their interaction 
performance with the aerobic rhizosphere 
bacterial community became less stable. As a 
result, while AMF are a valuable unit for 
sustainable agriculture, their application requires 
careful adaptation to local agroecosystems in order 
to maximize benefits while avoiding potential 
drawbacks [50]. 

Table 4. The effect of AMF population on the number of stems and the height of plantlets 
Number of stems Plant height (cm) 

Treatment 
15 DAA 30 DAA 45 DAA 60 DAA 15 DAA 30 DAA 45 DAA 60 DAA 

Control 2.4 1.2d 1.4c 1.8c 6.72 12.66b 16.98c 23.56c 
AMF-SA 3.2 6.6a 9.4a 13.6a 8.76 19.08a 37.34a 66.38a 
AMF-SC 3.2 6.2ab 9.2a 13.2a 8.70 18.96a 37.04a 66.26a 
AMF-SR 3.2 5.0bc 7.6b 10.2b 8.46 17.60a 29.32b 50.52b 

P ns ** ** ** ns ** ** ** 
CV (%) 28.54 20.78 13.45 7.48 18.57 8.60 15.66 14.80 

Note: In the same column, numbers followed by the same letter are not statistically different 
according to Tukey's test, **: difference at the 1% significance level; ns: not statistically significantly 
different; DAA: days after acclimation. 

4. CONCLUSION 

Seeds sterilized with 6% NaOCl for 10 minutes 
achieved the highest germination rate of 90.00% 
after 28 days. In the shoot formation stage, the 
medium supplemented 2.0 mg/L KIN + 0.1 mg/L 
NAA produced the highest number of shoots, 
reaching 6.60 shoots with an average shoot height 
of 6.44 cm. In the rooting stage, the highest root 
generation rate was from the medium 
supplemented with 0.7 mg/L NAA, reaching 
62.67%. However, the number of roots (3.73), root 
length (3.93 cm) and root quality were recorded at 
0.7 mg/L IBA concentration gave the best results. 
In the acclimatization stage, two treatments 
applied with either AMF-SA or AMF-SC 
population, resulted in a 100% plantlets survival 
rate, with the highest observed average values for 
the number of shoots (13.6 and 13.2 shoots, 
respectively) and plant height (66.38 and 66.26 cm, 
respectively). 
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