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AbstractAbstractAbstractAbstract    
    
Aronia is a berry fruit that has a significant amount of antioxidants. Both sexual and vegetative methods 

of propagation are available for aronia. Genetic diversity is present in the process of seed propagation. 
Therefore, clonal propagation techniques such as cuttings, basal shoots, and tissue culture are preferred. Plant 
tissue culture is a process that offers a high multiplication rate and the ability to produce clean plant material. 
This study aimed to stimulate the growth of plantlets by introducing several growth-promoting agents into the 
culture media. Specifically, the effects of a nitric oxide donor SNP (sodium nitroprusside) on the vegetative 
development of the plants were examined under in vitro conditions. Four distinct concentrations of SNP (0, 
100, 200, and 300 µM) were administered to promote vegetative development. The survival rate (%), rooting 
rate (%), root number (per plantlet), root length (cm), leaf number (per plantlet), shoot length (cm), plant 
fresh weight (g), and plant dry weight (g) of the plantlets were estimated on the 60th day of growth in the 
nutrient medium under in vitro conditions. The survival rate was 100% for the applications of SNP at 
concentrations of 100 µM and 200 µM. The 0 µM treatment had the highest root number, the 100 µM 
treatment had the longest root, and the 200 µM treatment had the highest values for shoot length. The 0 µM 
treatment provided the highest values for plant fresh weight, while the 0 and 100 µM applications resulted in 
the highest plant dry weight values. The study suggested that an increased concentration of SNP causes a 
toxic effect. 

 
Keywords:Keywords:Keywords:Keywords: Aronia melanocarpa [Michx.] Elliot; in vitro; regeneration; sodium nitroprusside; vegetative 

development 
 
 
IntroductionIntroductionIntroductionIntroduction    
    
Aronia is berry fruit    within the Rosaceae family, belonging to the Aronia genus. This species originated 

in North America and has spread to other parts of the world since the 1920’s. Aronia’s high antioxidant content 
makes it not only suitable for fresh consumption but also for use in the food and pharmaceutical industries 
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(Engin et al., 2018; Poyraz Engin and Boz, 2019; Özder, 2021). It contains a natural blend of antioxidant 
polyphenolic compounds that play a significant role against free radicals, making it recommended for the 
prevention of cancer and metabolic diseases in recent times (Yılmaz et al., 2021). It is referred to as a superfruit 

due to its high vitamin values (Michalak, 2015; Şahin and Erdoğan, 2022). 
Aronia is a self-pollinating species, requiring no pollinator in orchard cultivation. It can be easily 

propagated through both seeds and vegetative methods. However, micropropagation is preferred for the 
production of disease-free plant material, high multiplication rates, and the ability to produce without being 
dependent on the vegetation period, all under suitable laboratory conditions (Almokar and Pırlak, 2018; Şaşkın 
et al., 2022). 

Micropropagation is a tissue culture method where healthy plant shoot bud is transferred to a culture 
medium during the active or dormant period and the bud transforms into a plant tissue. In this method, healthy 
young shoots are taken from the plant to be transferred to the culture medium. Micro shoots are initially 
transferred to the shoot multiplication medium. The aim at this stage is to ensure the growth of the micro shoot 
and then proceed to the bud formation stage. In this culture medium, plant growth-regulating hormones called 
cytokinins are used during both the shoot acquisition and the bud formation stages. The use of cytokinins 
promotes cell division, shoot formation, and development. In the rooting stage, auxins are used. Auxins 
promote cell elongation, cell division, tissue swelling, and root formation. Obtaining a large number of plants 
in micropropagation and rooting of the obtained seedlings are crucial. The mentioned cytokinins and auxins 
are essential plant growth regulators used to obtain a large number of plants and for rooting. However, in recent 
times, various plant growth-promoting molecules have been used (George et al., 2008; Sezgin and Dumanoğlu, 

2009; Kara et al., 2022; Şaşkın et al., 2022). 

In vitro micropropagation, shoot and root growth are important, and plant growth-regulating molecules 
support vegetative development. Sodium nitroprusside (SNP), a nitric oxide donor, is one of the widely used 
plant growth-regulating molecules in plant tissue culture protocols under in vitro conditions. SNP has a 

growth-promoting effect on plants. Using SNP under in vitro conditions results in a high rate of shoot 
development and root formation in a short period. When this molecule is used in combination with auxins and 
cytokinins, it positively influences plant growth and development. The use of SNP increases shoot and root 
formation, parallelly enhancing the success of micropropagation (Scherer and Holk, 2000; Tan et al., 2013; 

Khurana et al., 2014; Sundararajan et al., 2022). The roots and leaves of the plant play a crucial role in absorbing 
essential nutrients. An increased number of roots allow the plant to access water, organic matter, and nutrients 
more easily and rapidly. A higher leaf count contributes to increased photosynthesis, positively affecting the 
plant’s development through enhanced nutrient production (Figure 1). Considering this information, this 
study was designed due to the positive effects of the SNP molecule on the plant’s vegetative development. 

The study aimed to answer the question, ‘Did the application of SNP increase root formation, shoot 
growth, and leaf development in the plantlets?’ This study investigated the effects of four different doses of 
sodium nitroprusside (0, 100, 200 and 300 µM) application on the growth parameters (survival rate (%), 
rooting rate (%), number of roots per plantlet, root length (cm), number of leaves (pieces/plantlet), shoot 
length (cm), plant fresh weight (g), and plant dry weight (g) of Aronia melanocarpa [Michx.] Elliot under in 

vitro conditions. 
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Figure 1.Figure 1.Figure 1.Figure 1. Role of SNP in various plant growth and development processes 
 
    
Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
The study was conducted at the Plant Tissue Culture Laboratory of Department of Horticulture, 

Faculty of Agriculture, Harran University, Sanliurfa, Türkiye. The ‘Nero’ variety of Aronia melanocarpa 
[Michx.] Elliot was chosen as the plant material. The micro cuttings were taken from the variety plot owned 
by the GAP Agricultural Research Institute. The micro cuttings were initially subjected to pre-sterilization. 
They were soaked in soapy water for 10 minutes and then rinsed with tap water. After pre-sterilization, the 
micro cuttings were placed in a sterile cabinet, immersed in 70% ethyl alcohol for 2 minutes, and then soaked 
in a 10% NaClO (sodium hypochlorite) solution for 10 minutes. After this process, the micro cuttings were 
rinsed three times with sterile distilled water. Following the sterilization process, the micro cuttings were 
transferred to the shoot medium. The shoot medium consisted of solid MS nutrient medium with 3% sucrose, 
1 mg/l GA3, 0.8 g/l agar (Nas et al., 2023). The pH of the nutrient medium was adjusted to 5.8. To prevent 
bacterial contamination in the nutrient medium, 1 ml/l of Plant Preservative Mixture (PPM) was added (Ak 
et al., 2021; Babu et al., 2022; Kara et al., 2022; Ekinci et al., 2023). The shoots were transferred to a tillering 
medium containing 3% sucrose, 3 mg/l BAP, 1 mg/l kinetin, 1 ml/l PPM, and 0.7 g/l agar for proliferation. 
The experimental design was arranged when the desired number of shoots was reached. Four different doses of 
SNP were added to the rooting medium in the study (Table 1). The culture medium included 3% sucrose, 0.6% 
agar, 1.5 mg/l IBA, and sequentially 0, 100, 200, and 300 µM SNP. The control treatment received only the 
rooting hormone. The micro cuttings transferred to the culture medium were kept in a growth chamber with 
white fluorescent lights for 16 hours of light and 8 hours of darkness, at 55-60% relative humidity, and a 
temperature of 25±1 °C for 60 days. The study was set up in a randomized complete block design with three 
replications, each consisting of 10 plants.  
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Table 1.Table 1.Table 1.Table 1. Experiment plan  

TreatmentsTreatmentsTreatmentsTreatments    
T1 1.5 mg/L IBA + 0 µM SNP 
T2 1.5 mg/L IBA + 100 µM SNP 
T3 1.5 mg/L IBA + 200 µM SNP 
T4 1.5 mg/L IBA + 300 µM SNP 

 

 
Figure 2.Figure 2.Figure 2.Figure 2. The effect of different doses of SNP application on the vegetative development of the plant under 
in vitro conditions. SNP treatments: T1=0 µM SNP; T2=100 µM SNP; T3=200 µM SNP; T4=300 µM 
SNP 

 
Measurements and statistical analyses 

The application was concluded after 60 days. The survival rate, rooting rate, root number, root length, 
leaf number, shoot length, plant fresh weight, and plant dry weight of the plantlets continuing their 
development under in vitro conditions were examined.  At the end of 60 days, the root and shoot lengths of the 
plants removed from the nutrient medium were measured using a ruler. The numbers of roots and leaves were 
determined by counting. The survival rate and rooting rate was determined as percent. Plant fresh weight was 
determined using a precision balance with a sensitivity of 0.001 g. The plants with determined fresh weights 
were dried in an oven at a temperature of 70 °C for a duration of 72 hours. After drying, the plants were weighed 
again using a precision balance with a sensitivity of 0.001 g to determine the plant dry weight (Dikmetaş, 2020). 
The data were subjected to analysis of variance (ANOVA) using the Gomez and Gomez (1984) technique. 
Least Significant Difference (significance level 0.05) was used to determine significant differences between 
applications. JMP Pro 13 software was used for Least Significant Difference Test. Hierarchical clustering 
analysis (HCA) and principal component analysis (PCA) are commonly used statistical tools for grouping data 
and determining similarities between samples (Granato et al., 2018).  Hierarchical clustering analysis (HCA) 
and principal component analysis (PCA) were conducted via the Software R (Version 4.1.1, R Foundation for 
Statistical Computing, Vienna, Austria).  

 
 
ResultsResultsResultsResults    and Discussionand Discussionand Discussionand Discussion    
 
Survival rate (%) 

There was no statistically significant difference among the treatments in terms of the number of 
surviving plants. The highest survival rate was observed at 100% in T2 and T3, while the lowest survival rate 
was 95.56% in the T4 application (Table 2). Contaminations occurring in the culture media can directly 
damage the vegetative development of plants (Niedz and Bausher 2002; Babu et al., 2022). However, in this 

study, the absence of contamination positively affected the survival rate, while an increased SNP dose (T4) 
resulted in a 5% decrease. Our findings align with other studies indicating that plants exposed to stress under 
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in vitro conditions experience a decrease in survival rate, and the application of SNP significantly increases the 

survival rate of plants (Ghadakchiasl et al., 2017). 

 
Rooting rate (%) 

When examining the rooting rate, a statistically significant difference was found among the treatments. 
The highest rooting rate was observed at 100% in the T2 application, while the lowest rooting rate was 73.33% 
in the T4 application (Table 2).  

In micropropagation performed under in vitro conditions, the ability of explants transferred to the 

culture medium to produce shoots and roots at a high rate and in a short time plays an important role. SNP 
applications under in vitro conditions promote rooting. Studies have elucidated the role of NO in main root 
development, including capillary root formation. Our findings in previous studies examining the rooting status 
of plants are supported by studies conducted on soybean seedlings under in vitro conditions (Pagnussat et al., 

2003; Correa-Aragunde et al., 2006; Sundararajan et al., 2022). Examining the rooting status of plants in 

previous studies, our findings are supported by research on soybean seedlings under in vitro conditions. In 
conditions of NaCl-induced salinity stress, SNP applications positively affected the rooting of soybean 
seedlings, and the combination with IBA further increased the rooting, as shown in our study (Karthik et al., 

2019). However, when used at high concentrations, it can exhibit a toxic effect, leading to adverse outcomes 
(Pradhan et al., 2020). In our study, it was observed that T4 (300 µM SNP) application had a toxic effect. 
 

Table 2.Table 2.Table 2.Table 2. The effect of applied SNP under in vitro conditions on growth parameters 

SNP SNP SNP SNP ttttreatmentsreatmentsreatmentsreatments    
Survival rate Survival rate Survival rate Survival rate     

(%)(%)(%)(%)    
Rooting rate Rooting rate Rooting rate Rooting rate     

(%)(%)(%)(%)    
Number of roots Number of roots Number of roots Number of roots 
(pieces/plantlet)(pieces/plantlet)(pieces/plantlet)(pieces/plantlet)    

Root length Root length Root length Root length     
(cm)(cm)(cm)(cm)    

T1=0 µM SNP 97.78±3.85 80.00± 6.67 b 15.94± 1.69 a 8.23± 0.29 b 
T2=100 µM SNP 100.00±0.00 100.00± 0.00 a 15.39± 1.18 a 9.24± 0.46 a 
T3=200 µM SNP 100.00±0.00 97.78± 3.85 a 13.56± 0.69 a 9.27± 0.68 a 
T4=300 µM SNP 95.56±7.70 73.33± 6.67 b 8.56± 0.51 b 3.03± 0.51 c 
LSD p≤ 0.05 Ns 4.71 1,04 0.36 

SNP treatmentsSNP treatmentsSNP treatmentsSNP treatments    
Number of leaves Number of leaves Number of leaves Number of leaves 

(p(p(p(per plantleter plantleter plantleter plantlet))))    
Shoot length Shoot length Shoot length Shoot length     

(cm)(cm)(cm)(cm)    
Plant Plant Plant Plant fresh weight fresh weight fresh weight fresh weight 

(g)(g)(g)(g)    
Plant dry weight Plant dry weight Plant dry weight Plant dry weight     

(g)(g)(g)(g)    
T1=0 µM SNP 13.42±2.93 1.81± 0.14 b 1.74± 0.13 a 0 12± 0.02 a 
T2=100 µM SNP 14.83±2.40 2.35± 0.28 a 1.30± 0.11 b 0 11± 0.05 a 
T3=200 µM SNP 15.75±1.52 2.60± 0.26 a 1.06± 0.12 b 0 10± 0.03 a 
T4=300 µM SNP 12.89±0.51 2.07± 0.25 ab 0.31± 0.04 c 0 04± 0.01 b 
LSD p≤ 0.05 ns 0.22 0.10 0.02 

Different letters denote significant difference between means (Least Significant Difference Test, P<0.05) 

 
Number of roots (per plantlet) 

The highest number of roots is in the T1 treatment, 15.94 (per plant), followed by the T2 treatment 
with an increasing number of roots, 15.39 (per plant). The lowest number of roots was 8.56 (per plant) in the 
T4 application (Table 1). The SNP is known to promote cell division and differentiation. With the 
differentiation of cells, primary root and capillary roots occur. SNP applications in our study increased the 
number of roots positively. However, as the increasing dose inhibited root formation, the number of roots 
decreased. Based on this idea, SNP application may vary depending on the plant type and dose. T1, T2 and T3 
application doses affected the number of roots positively. 

 In a study on SNP applications, examining the root number in Stevia rebaudiana (Bertoni) under PEG-
induced drought stress revealed that the highest root number was obtained in the control treatment, and an 
increasing concentration of SNP reduced the root number (Pradhan et al., 2020). The results of our study are 
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in agreement with Ötvos et al. (2005), who reported that NO may interact with auxins coupling the regulation 
of cell division and differentiation of plant cells. 

 
Root length (cm) 

Sodium nitroprusside, a nitric oxide donor, was used in the study. NO has recently been recognized as a 
new type of phytohormone (Leterrier et al., 2012). As a result of the treatments applied in the study, a 
statistically significant difference was observed when the plantlets were examined in terms of root length. When 
examining the plantlets in terms of root length as a result of the applied treatments in the study, a statistically 
significant difference was observed. The highest root length was 9.27 cm in the T3 application, while the lowest 
root length was 3.03 cm in the T4 application (Table 2; Figure 2) NO accumulation in roots mediates auxin 
induction of lateral root formation, adventitious root growth (Tewari et al., 2008), and root hair development. 

In addition to increased root formation (Lombardo et al. 2006), root length also increased in SNP treatments 

compared to the control treatment containing only auxin. The success of micropropagation under in vitro 
conditions is dependent on the number and length of roots, as well as the number of healthy surviving plants 
during the rooting and acclimatization stages (Diaz et al., 2010; Demir et al., 2015; Tesfa et al., 2016). 

Some studies have utilized SNP to improve the adverse conditions caused by abiotic stress. In line with 
research on SNP use, our study aligns with findings such as the positive effect of exogenous SNP applications 
on root length in lentils under salinity stress, with 100 µM SNP application enhancing root length (Yasir et al., 
2021), and the significant increase in root length in lettuce under salinity stress through foliar application of 
SNP (Sardar et al., 2023). As mentioned by Blazich and Heuser (1979), the acceleration of cell division in the 
root region by SNP and IAA leads to an increase in root length. In this context, our study's results are supported 
by other studies that have found positive effects of SNP on root length (Sarropoulou et al., 2014; Ragaey et al., 
2022).  

 
Number of leaves 

Nitric oxide is a ubiquitous bioactive molecule involved in a wide array of plant developmental processes, 
including germination, flowering, fruit ripening, and organ senescence (Crawford and Guo, 2005). Recently, 
nitric oxide (NO) has been a focus of efforts to improve in vitro plant regeneration. SNP added to the medium 

under in vitro conditions positively affects plant development by increasing root formation and carrying water 
and nutrients from the culture medium to the upper parts of the plant through the roots. This positive effect 
played a role in the number and development of leaves. However, plants developed better in culture media 
containing SNPs compared to the control. In this study, there was no significant difference among the 
treatments in terms of leaf number. The highest leaf number was observed in the T3 (15.75) application, while 
the lowest leaf number was in the T4 (12.89) application (Table 2). Previous studies have found that SNP 
applications improve the adverse effects on plants under stress conditions and positively enhanced vegetative 
growth (Habib et al., 2020; Pradhan et al., 2020; Gougerdchi et al., 2021; Jafari and Shahsavar, 2022; Sardar et 

al., 2023). Similar studies have also shown that SNP increases leaf number, supporting our findings. 
 
Shoot length (cm) 

When examining the plantlets in terms of shoot length as a result of the applied treatments, a statistically 
significant difference was found. The highest shoot length was observed in the T3 (2.60) application, while the 
lowest shoot length was in the T1 (1.81) application (Table 2). Nitric oxide (NO) has been reported to regulate 
cell division and be effective in cytokinin signal transmission, thus enhancing the success of micropropagation 
(Ötvös et al., 2005). It is stated that SNP exhibits some cytokinin effects in plants (Scherer and Holk, 2000) 

and promotes cell division and elongation. In addition to promoting plant growth and development, SNP also 
mitigates the adverse effects of various biotic and abiotic stress conditions (Sundararajan et al., 2022). Studies 
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in this field have shown that SNP and Putrescine applications alleviate the effects of drought stress on tomato 
seedlings and increase shoot length (Sundararajan et al., 2022). In another in vitro study, SNP application to 
Allium hirtifolium increased shoot regeneration in plants under drought stress condition (Ghassemi-Golezani 
et al., 2018). Similar studies supporting our findings have also demonstrated that SNP application increases 

shoot length (Ali et al., 2017; Jafari and Shahsavar, 2022). Since SNP has a direct effect on the cell wall, it has 
been reported that it can cause cell wall loosening, trigger cell expansion and stimulate plant growth (Lamattina 
et al. 2003). In this study, SNP increased shoot length compared to the control. The results in our study were 

similar to the reported effects of the SNP. 
 
Plant fresh weight (g) 

NO ensures the growth and development of the plant by enabling the cells to expand and elongate. It is 
thought that growing plants directly increases their biomass (Beligni and Lamattina, 2001). When evaluating 
the plantlets in terms of fresh weight as a result of the applied treatments, a statistically significant difference 
was found. The highest plant fresh weight was observed in the T1 (1.74 g) application, while the lowest was in 
the T4 (0.31 g) application (Table 2). SNP increases the plant's photosynthesis rate and chlorophyll content. 
The increased photosynthesis contributes to an increase in dry matter within the plant, leading to an increase 
in both fresh weight and dry weight (Per et al., 2017; Aras, 2018; Ekinci et al., 2018). Some studies have 
observed that applications of SNP, especially in combination, enhance plant resistance under adverse 
conditions and prevent a decrease in plant fresh weight (Mahendran et al., 2021; Jafari and Shahsavar, 2022; 

Zhang et al., 2023). 
 
Plant dry weight (g) 

There is a significant difference among the treatments in terms of plant dry weight. The highest dry 
weight was determined in the T1 (0.12 g) application, while the lowest dry weight was in the T4 (0.04 g) 
application (Table 2). In studies on the effects of SNP application in drought stress in Mexican lime, the highest 
dry weight was reported in the 25 µM SNP application, while the lowest dry weight was obtained from the 3% 
PEG application (Jafari and Shahsavar, 2022). In a study on alleviating the effects of temperature stress in wheat 
through SNP and GA3 applications, it was reported that the combination of SNP and GA3 significantly 
increased dry weight compared to the control (Zhang et al., 2023). In the study, different doses of SNP 
positively influenced plant dry weight, confirming previous findings. 

 
Principal Component Analysis (PCA) 

PCA is a statistical test related to factor analysis. PC is a linear combination of data sets resulting from 
the applications that preserves some correlations between them. In order to better understand the effects of 
SNP on vegetative growth, a PCA analysis was used to cluster similar parameters (Figure 3). It is displayed along 
two different principal components (PC) for all examined parameters.  

While 71.7% of the variance is observed along PC[1], PC[2] represents 27.37% of the variation. 
Although the control treatment (T1) does not necessarily need to be directly related to any of the other 
applications, it was observed to be positioned on the positive side of PC. T2 and T3 applications were highly 
correlated with parameters P1, P2, P5, and P6 along the positive axis of PC2, separating these groups from the 
control and parameters P3, P4, P7, and P8. T4 application was distinctly separated from all other groups 
(Figure 3). Both PC[1] and PC[2] showed that the P2 parameter had the lowest score. However, it was 
observed that T2 and T3 applications formed one group, while T1 and T4 applications formed a different 
group. This indicated that T2 and T3 applications had positive effects on Aronia plantlets. The T4 application 
showed a formation that was distant from the control group and growth parameters. Additionally, the T4 
application negatively affected growth parameters. Under stress conditions, plant development is interrupted, 
making it necessary to implement practices that can alleviate this situation. However, the concentration of 
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chemicals applied may vary depending on the species, genotype, and variety. In our study, it was found that 
increasing SNP concentration limited the vegetative development of Aronia plantlets, and the T4 application 
was placed in a different group in the PCA analysis. 

 

 
Figure 3.Figure 3.Figure 3.Figure 3. The loading plot of all identified variables included in PCA for morphological parameters in 
Aronia plantlets. P1: Survival rate (%), P2: Rooting rate (%), P3: Number of roots (pieces/plantlet), P4: 
Root length (cm), P5: Number of leaves (pieces), P6: Shoot length (cm), P7: Plant fresh weight (g), P8: 
Plant dry weight (g). SNP treatments: T1=0 µM SNP; T2=100 µM SNP; T3=200 µM SNP; T4=300 µM 
SN 
 
Hierarchical Clustering Analysis (HCA) 

Hierarchical Clustering Analysis (HCA) is a clustering method that examines samples in groups (Lee 
and Yang, 2009; Granato et al., 2018). The result of HCA is typically presented in a dendrogram, a graphical 
representation showing the relationships between samples. In this study, HCA was performed using 8 different 
parameters (Figure 4). The applications were clustered into I, II, and III (Figure 4).  
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Figure 4.Figure 4.Figure 4.Figure 4. Heatmap for vegetative growth parameters evaluated under control and application conditions 
in Aronia melanocarpa [Michx.] Elliot. P1: Survival rate (%), P2: Rooting rate (%), P3: Number of roots 
(pieces/plantlet), P4: Root length (cm), P5: Number of leaves (pieces), P6: Shoot length (cm), P7: Plant 
fresh weight (g), P8: Plant dry weight (g). I, II, III Represent the application groups studied. A, B, C and D 
represent the parameter groups studied. SNP treatments: T1=0 µM SNP; T2=100 µM SNP; T3=200 µM 
SNP; T4=300 µM SNP 
 
The parameters were grouped into four categories: A, B, C, and D. T4 treatment was placed in cluster I, 

T1 in cluster II, and T2 and T3 treatments in cluster III. In group A, parameters P4; in group B, parameters 
P3, P7, and P8; in group C, parameter P6; and in group D, parameters P1, P2, and P5 were included. The T3 
treatment showed the highest positive increase in parameters P5 and P6. The T3 treatment corresponds to the 
200 µM SNP dose. As a result of this treatment, the parameters of leaf number (P5) and shoot length (P6) 
showed a positive increase in growth parameters. A higher number of leaves and an extended shoot length 
facilitate the plant’s adaptation to external conditions and increase the photosynthesis rate (Ghassemi-
Golezani et al., 2018; Rasheed et al., 2022; Emamverdian et al., 2023). The T4 treatment in cluster I showed a 

negative trend in growth parameters (P1, P2, P3, P4, P5, P6, P7, and P8). The reason for this trend is that 
sodium nitroprusside, the nitric oxide donor used in the treatment, although improving the plant under stress 
conditions, becomes toxic as the concentration increases. Therefore, as the concentration increases, the 
development of growth parameters is negatively affected. Studies have reported that increasing concentrations 
of corrective chemicals have a toxic effect on plants (Trifunović-Momčilov et al., 2023).    

    
    
ConclusionsConclusionsConclusionsConclusions    
 
Nitric oxide (NO) plays various roles in the growth and development of plants. In this study, the effects 

of sodium nitroprusside (SNP), a NO donor, on shoot proliferation and regeneration were investigated. The 
vegetative development of plants growing under stress conditions is significantly restricted. Based on this 
consideration, applications that positively affect vegetative development in such situations will reduce this 
pressure significantly. In addition, well-developed root structures facilitate plant adaptation during 
acclimatization under in vitro conditions and reduce plant loss. Our study in a well-developed root system was 

observed in the plantlets after sodium nitroprusside application. According to the study results, which 
positively affect vegetative development, were determined suitable doses. Additionally, the study revealed that 
high SNP concentration has a toxic effect. In sum, it is of note that SNP, a donor of NO, has a direct effect on 
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in vitro root induction, shoot differentiation, and vegetative development of the Aronia melanocarpa L 
explants. The results reveal how important sodium nitroprusside, a nitric oxide donor, plays in cell division and 
differentiation in plants 
 

    
Authors’ ContributionsAuthors’ ContributionsAuthors’ ContributionsAuthors’ Contributions 
 
Investigation and conceptualization, BEA, NS, YA, ŞK, HE; methodology, NS, HE (Heydem Ekinci); 

software and formal analysis, NS, YA, HE (Heydem Ekinci); writing-original, writing-review and editing, and 
draft preparation, HE, BEA, YA, ŞK and NS; visualization HE (Heydem Ekinci). All authors read and 
approved the final manuscript. 
 
 

Ethical approvalEthical approvalEthical approvalEthical approval (for researches involving animals or humans) 
 
Not applicable. 
 
 
AcknowledgementsAcknowledgementsAcknowledgementsAcknowledgements    
 
This research received no specific grant from any funding agency in the public, commercial, or not-for-

profit sectors. 
 
 

Conflict of InterestsConflict of InterestsConflict of InterestsConflict of Interests    
 
The authors declare that there are no conflicts of interest related to this article. 
 
 
ReferencesReferencesReferencesReferences    
    

Ak BE, Kıyar PK, Hatipoglu IH, Dikmetaş B (2021). Effects of different BA and IBA concentrations on proliferation and 
rooting of ‘Garnem’ rootstock in vitro propagation. International Journal of Agriculture Environment and Food 

Sciences 5(4):470-476. https://doi.org/10.31015/jaefs.2021.4.6    
Ali Q, Daud MK, Haider MZ, Ali S, Rizwan M, Aslam N, Zhu SJ (2017). Seed priming by sodium nitroprusside improves 

salt tolerance in wheat (Triticum aestivum L.) by enhancing physiological and biochemical parameters. Plant 

Physiology and Biochemistry 119:50-58. https://doi.org/10.1016/j.plaphy.2017.08.010    

Almokar HMM, Pırlak L (2018). Propagation of Aronia (Aronia melanocarpa) with tissue culture. Selcuk Journal of 

Agriculture and Food Sciences 32(3):549-558. https://doi.org/10.15316/SJAFS.2018.136. 
Aras S (2018) Plant Growth Regulator Use in Temperate Zone Fruit Trees against Abiotic Stresses. 2nd International 

Symposium on Innovative Approaches in Scientific Studies. Samsun: 1305-1307 (in Turkish with an abstract in 
English). 

Aras S (2018) Plant growth regulator use in temperate zone fruit trees against abiotic stresses. In: Ozseven T, Karaca V 
(Eds). 2nd International Symposium on Innovative Approaches in Scientific Studies. Samsun: pp 1305-1307 

Babu GA, Mosa Christas K, Kowsalya E, Ramesh M, Sohn SI, Pandian S (2022). Improved sterilization techniques for 
successful in vitro micropropagation. In Commercial Scale Tissue Culture for Horticulture and Plantation 

Crops.  (pp. 1-21). Singapore: Springer Nature Singapore. https://doi.org/10.1007/978-981-19-0055-6_1. 
Beligni MV, Lamattina L (2001). Nitric oxide in plants: the history is just beginning. Plant, Cell and 

Environment 24(3):267-278. https://doi.org/10.1046/j.1365-3040.2001.00672.x  



Ekinci H et al. (2024). Not Bot Horti Agrobo 52(1):13542 

 

11 
 

 

 

 

 

 

Blazich FA, Heuser CW (1979). A histological study of adventitious root initiation in Mung Bean Cuttings1. Journal of 
the American Society for Horticultural Science 104(1):63-67. https://doi.org/10.21273/JASHS.104.1.63. 

Correa-Aragunde N, Graziano M, Chevalier C, Lamattina L (2006). Nitric oxide modulates the expression of cell cycle 
regulatory genes during lateral root formation in tomato. Journal of Experimental Botany 57(3):581-588. 
https://doi.org/10.1093/jxb/erj045  

Crawford NM, Guo FQ (2005). New insights into nitric oxide metabolism and regulatory functions. Trends in Plant 
Science 10(4):195-200. https://doi.org/10.1016/j.tplants.2005.02.008  

Dewir YH, El-Mahrouk ME, Murthy HN, Paek KY (2015). Micropropagation of Cattleya: Improved in vitro rooting 

and acclimatization. Horticulture, Environment, and Biotechnology 56:89-93. https://doi.org/10.1007/s13580-

015-0108-z. 
Díaz LP, Namur JJ, Bollati SA, Arce OEA (2010). Acclimatization of Phalaenopsis and Cattleya obtained by 

micropropagation. Revista Colombiana de Biotecnología 12(2):27-40. 
Dikmetas ̧ B (2020). Farklı yerli badem çes ̧itlerinde fenolojik gözlemler ile bazı yaprak özellikleri ve meyvelerde acılık- 

tatlılık genlerinin SNP (Single Nucleotide Polymorphisms) yöntemiyle belirlenmesi [Phenological observations in 
different domestic almond varieties with some leaf traits and determination of bitterness-sweetness genes in fruits 
by SNP (single nucleotide polymorphisms) method]. Yüksek Lisans Tezi, Harran Univ, Sanliurfa. 
http://hdl.handle.net/11513/3354 

Ekinci H, Rastgeldi İ, Şaşkın N, Ak BE, Korkmaz Ş. (2023). Evaluation of performance of different culture media in in 

vitro shoot propagation of local grape varieties. Erwerbs-Obstbau 1-8. https://doi.org/10.1007/s10341-023-

00993-7  

Engin SP, Boz Y, Mert C, Fidanci A, I ̇kinci A (2018). Growing aronia berry (Aronia melanocarpa (Michx.) Elliot). In: 
Binici T, Sakin E, Çopur O, Ozmen Ozbakır G, Odabasioglu Mİ, Şimşek E (Eds). In International Gap 
Agriculture & Livestock Congress. Sanliurfa: pp 665-667. 

Emamverdian A, Ding Y, Barker J, Liu G, Li Y, Mokhberdoran F (2023). Sodium nitroprusside improves bamboo 
resistance under Mn and Cr toxicity with stimulation of antioxidants activity, relative water content, and metal 
translocation and accumulation. International Journal of Molecular Sciences 24(3):1942. 
https://doi.org/10.3390/ijms24031942. 

George EF, Hall MA, Klerk GJD (2008). Micropropagation: uses and methods. In: Plant Propagation by Tissue Culture. 

Dordrecht: Springer Netherlands. https://doi.org//10.1007/978-1-4020-5005-3_2     
Ghadakchiasl A, Mozafari AA, Ghaderi N (2017). Mitigation by sodium nitroprusside of the effects of salinity on the 

morpho-physiological and biochemical characteristics of Rubus idaeus under in vitro conditions. Physiology and 

Molecular Biology of Plants 23:73-83. https://doi.org/10.1007/s12298-016-0396-5      

Ghassemi-Golezani K, Farhadi N, Nikpour-Rashidabad N (2018). Responses of in vitro-cultured Allium hirtifolium to 
exogenous sodium nitroprusside under PEG-imposed drought stress. Plant Cell, Tissue and Organ Culture 
(PCTOC) 133:237-248. https://doi.org/10.1007/s11240-017-1377-2     

Gomez KA, Gomez AA (1984). Statistical procedures for agricultural research. John Wiley & Sons, New York, pp 680. 
Gougerdchi V, Dorani E, Valizadeh M, Agazadeh R (2021). Effect of sodium nitroprusside and some plant growth 

regulators on shoot regeneration and plantlet development in Lycopersicon esculentum Mill. Journal of Plant 

Molecular Breeding 9(2):43-51. https://doi.org/10.22058/jpmb.2022.561653.1262. 
Granato D, Santos JS, Escher GB, Ferreira BL, Maggio RM (2018). Use of principal component analysis (PCA) and 

hierarchical cluster analysis (HCA) for multivariate association between bioactive compounds and functional 
properties in foods: A critical perspective. Trends in Food Science and Technology 72:83-90. 
https://doi.org/10.1016/j.tifs.2017.12.006. 

Habib N, Ali Q, Ali S, Javed MT, Zulqurnain Haider M, Perveen R, Bin-Jumah M (2020). Use of nitric oxide and 
hydrogen peroxide for better yield of wheat (Triticum aestivum L.) under water deficit conditions: growth, 

osmoregulation, and antioxidative defense mechanism. Plants 9(2):285. https://doi.org/10.3390/plants9020285. 
Huang AX, She XP, Huang C, Song TS (2007). The dynamic distribution of NO and NADPH–diaphorase activity 

during IBA‐induced adventitious root formation. Physiologia Plantarum 130(2):240-249. 
https://doi.org/10.1111/j.1399-3054.2007.00897.x  



Ekinci H et al. (2024). Not Bot Horti Agrobo 52(1):13542 

 

12 
 

 

 

 

 

 

Jafari M, Shahsavar AR (2022). Sodium nitroprusside: Its beneficial role in drought stress tolerance of “Mexican lime” 
(Citrus aurantifolia (Christ.) Swingle) under in vitro conditions. In Vitro Cellular & Developmental Biology-

Plant 58(1):155-168. https://doi.org/10.1007/s11627-021-10218-9. 
Karthik S, Pavan G, Krishnan V, Sathish S, Manickavasagam M (2019). Sodium nitroprusside enhances regeneration and 

alleviates salinity stress in soybean [Glycine max (L.) Merrill]. Biocatalysis and Agricultural 

Biotechnology 19:101173. https://doi.org/10.1016/j.bcab.2019.101173. 

Khurana A, Kumar R, Babbar SB (2014). Nitric oxide is involved in salicylic acid-induced flowering of Lemna 

aequinoctialis Welw. Acta Physiologiae Plantarum 36:2827-2833. https://doi.org/10.1007/s11738-014-1600-2. 

Lamattina L, García-Mata C, Graziano M, Pagnussat G (2003). Nitric oxide: the versatility of an extensive signal 
molecule. Annual Review of Plant Biology 54(1):109-136. 
https://doi.org/10.1146/annurev.arplant.54.031902.134752  

Leterrier M, Valderrama R, Chaki M, Airaki M, Palma JM, Barroso, JB, Corpas FJ (2012). Function of nitric oxide under 
environmental stress conditions. Phytohormones and Abiotic Stress Tolerance in Plants 99-113. 
https://doi.org/10.1007/978-3-642-25829-9_4  

Liu Y, He J, Jiang L, Wu H, Xiao Y, Liu Y, Wan J (2011). Nitric oxide production is associated with response to brown 
planthopper infestation in rice. Journal of Plant Physiology 168(8):739-745. 
https://doi.org/10.1016/j.jplph.2010.09.018  

Mahendran G, Kumar D, Verma SK, Chandran A, Warsi ZI, Husain Z, Rahman LU (2021). Sodium nitroprusside 
enhances biomass and gymnemic acids production in cell suspension of Gymnema sylvestre (Retz.) R. Br. ex. 

Sm. Plant Cell, Tissue and Organ Culture 146:161-170. https://doi.org/10.1007/s11240-021-02133-z. 
Michalak P (2015). Aronia Planter’s Guide. Ed: Piotr Michalak, 1st Edition, Dąbie. 
Nas Z, Eşitken A, Pirlak L (2023). The responses of ‘Viking’ Aronia variety to salinity stress under in vitro 

conditions. Erwerbs-Obstbau 65(6):2547-2552. https://doi.org/10.1007/s10341-023-00954-0  

Niedz RP, Bausher MG (2002). Control of in vitro contamination of explants from greenhouse-and field-grown trees. In 

Vitro Cellular & Developmental Biology-Plant 38:468-471. https://doi.org/10.1079/IVP2002316. 
Ötvös K, Pasternak TP, Miskolczi P, Domoki M, Dorjgotov D, Sz˝cs A, Fehér A (2005). Nitric oxide is required for, and 

promotes auxin‐mediated activation of, cell division and embryogenic cell formation but does not influence cell 
cycle progression in alfalfa cell cultures. The Plant Journal 43(6):849-860. https://doi.org/10.1111/j.1365-

313X.2005.02494.x. 

Özder A (2021). Bazı aronya çeşitlerinin (Aronia melanocarpa L.) gelişme performanslarının belirlenmesi [Determining 

the growth performance of certain aronia varieties (Aronia melanocarpa L.)]. Yüksek Lisans, Aydın Adnan 

Menderes Üniversitesi, Aydın. http://hdl.handle.net/11607/4237 
Pagnussat GC, Lanteri ML, Lamattina L (2003). Nitric oxide and cyclic GMP are messengers in the indole acetic acid-

induced adventitious rooting process. Plant Physiology 132(3):1241-1248. 
https://doi.org/10.1104/pp.103.022228  

Per TS, Masood A, Khan NA (2017). Nitric oxide improves S-assimilation and GSH production to prevent inhibitory 
effects of cadmium stress on photosynthesis in mustard (Brassica juncea L.). Nitric Oxide 68:111-124. 

https://doi.org/10.1016/j.niox.2016.12.012. 
Poyraz Engin S, Boz Y (2019). Türkiye ve Dünyada aronya yetiştiriciliği. VI. Ulusal Üzümsü Meyveler Sempozyumu 

Samsun: 5-7 (in Turkish).    
Pradhan N, Singh P, Dwivedi P, Pandey DK (2020). Evaluation of sodium nitroprusside and putrescine on polyethylene 

glycol induced drought stress in Stevia rebaudiana Bertoni under in vitro condition. Industrial Crops and 

Products 154:112754. https://doi.org/10.1016/j.indcrop.2020.112754. 
Ragaey MM, Sadak MS, Dawood MF, Mousa NH, Hanafy RS, Latef AAHA (2022). Role of signaling molecules sodium 

nitroprusside and arginine in alleviating salt-Induced oxidative stress in wheat. Plants 11(14):1786. 
https://doi.org/10.3390/plants11141786. 

Rasheed F, Mir IR, Sehar Z, Fatma M, Gautam H, Khan S, Khan NA (2022). Nitric oxide and salicylic acid regulate 
glutathione and ethylene production to enhance heat stress acclimation in wheat involving sulfur assimilation. 
Plants 11(22):3131. https://doi.org/10.3390/plants11223131. 



Ekinci H et al. (2024). Not Bot Horti Agrobo 52(1):13542 

 

13 
 

 

 

 

 

 

Sardar H, Khalid Z, Ahsan M, Naz S, Nawaz A, Ahmad R, Abou Fayssal S (2023). Enhancement of salinity stress tolerance 
in lettuce (Lactuca sativa L.) via foliar application of nitric oxide. Plants 12(5):1115. 

https://doi.org/10.3390/plants12051115.    

Sarropoulou V, Dimassi-Theriou K, Therios I (2014). Ιn vitro plant regeneration from leaf explants of the cherry 
rootstocks CAB-6P, Gisela 6, and MxM 14 using sodium nitroprusside. In Vitro Cellular & Developmental 
Biology-Plant 50:226-234. https://doi.org/10.1007/s11627-013-9565-1. 

Scherer GF, Holk A (2000). NO donors mimic and NO inhibitors inhibit cytokinin action in betalaineaccumulation in 
Amaranthus caudatus. Plant Growth Regulation 32:345-350. https://doi.org/10.1023/A:1010750111550. 

Sezgin M, Dumanog ̆lu H (2009). Fagaceae familyasinda in vitro tekniklerin kullanımı ve son gelis ̧meler [The use of in 

vitro techniques and recent developments in the Fagaceae family]. Su ̈leyman Demirel Üniversitesi Orman 
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