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ABSTRACT 
 

The deterioration of the viability of seeds of old varieties (heirloom varieties) by exposure to long 
storage periods is one of the main problems facing plant breeding programmes; Thus, oxygen 
bioavailability and somatic embryogenesis techniques can overcome this problem to some extent. 
The goals of this study were to: 1) define the optimal oxygen bioavailability concentration for 
increasing the germination rates of old and waterlogged seeds; 2) define the relationship between 
the concentration of bioavailable oxygen in the liquid ingested by the germinating seed and seed 
vigor; and 3) use somatic embryogenesis techniques as a method for recovering plant germplasm 
from old or improperly stored seeds for use in plant breeding programs. This study was conducted 
in the tissue culture laboratory of the Potato and Vegetatively Propagated Vegetables Department, 
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Horticulture Research Institute, Agricultural Research Centre, Egypt. This research was conducted 
to regenerate perennial seeds (8 years) of common bean (Phaseolus vulgaris L.) variety Giza 6 
(local variety) and compared with 1 year old seeds as control treatment of the same cultivar. This 
study established that prolonged hypoxia throughout a protracted period of storage can inhibit 
germination. Hypoxia during the impregnation and germination of bean seeds can be overcome by 
supplying the seeds with hydrogen peroxide (20 mM) throughout the germination process. Catalase 
enzyme (10.5 units/mL) is needed to convert hydrogen peroxide into oxygen. Also, to release 
oxygen from hydrogen peroxide, other catalytic agents, such as transition metal ions like Fe

+2
, Cu

+2
, 

and Mn
+2

, can be used at the following concentrations: 0.001M, 0.001M, and 0.0001M, respectively. 
A protective layer of CaSO4 (0.5 mM) was applied since aged seeds have very fragile biological 
membranes. The test of tetrazolium gave results for some seeds that it non-viable or some parts of 
the seed are damaged or defective; However, 2,4-D at a concentration of 5 mg/l + supplements (0.1 
µM GA3/L + 2 mg kintien/L + 1.0 mM glutamine) was able to produce somatic embryos of the old 
seeds tissues for common bean cv. Giza 6 (a local variety). The study of the morphology and 
induction of somatic embryogenesis was done used scanning electron microscopy. In its early 
phases, the callus appeared as a scattering of elongated cells. And after being transferred to the 
DCR medium, the cells became tightly packed together, and globular-shaped embryos began to 
emerge between the tightly packed together cells. 
 

 
Keywords: Common bean; Phaseolus vulgaris L.; aged seeds; somatic embryogenesis; regeneration 

old seeds; electron microscopy; tetrazolium test; 2,4-D.  

 
1. INTRODUCTION 
 
Phaseolus vulgaris L., or common bean, 
provides about 85% of all bean harvest 
worldwide. [1]. Almost 27 million tones-of 
common beans are produced annually on 29 
million acres of land global [2], providing food for 
more than 300 million people connected to 
agricultural economies worldwide [3]. Damaged 
seeds lose their vigor and are more susceptible 
to stress during germination; eventually, the 
seeds lose their ability to germinate. Genetic 
makeup, physiological state, and storage 
conditions influence the rate of seed spoilage [4]. 
To build a successful seed production program 
and to maintain a thriving and productive 
agriculture, there must be a sufficient supply of 
high-quality seed. Unanticipated losses in seed 
viability would have a detrimental impact on 
storehouse stockpiles, production plans, and 
seed sales, causing agricultural enterprises to 
suffer enormous losses each year [5]. The rate at 
which seed health declines increases as seed 
moisture content and temperature rise 
noticeably. According to [6], seed storability is 
often impacted by seed quality at the time of 
storage, the seed's prior storage history, relative 
humidity, the length of storage time, the moisture 
content of the seed, storage temperature, and 
biotic variables. The two main factors that affect 
seed storability are seed moisture content and 
storage conditions [7]. The general definition of 
seed deterioration is "deteriorative changes 
happening over time that increase the seed's 

vulnerability to environmental stresses and 
reduce the seed's capacity to survive". Several 
physiological changes, such as impaired protein 
synthesis, lipid peroxidation, DNA damage, and 
membrane disruption are all part of the 
complicated process of seed degeneration. 
When the seed moisture content is hight, the 
deteriorative biochemical events happen quickly, 
posing a serious threat to the survival and 
longevity of seed offspring [8]. It is a series of 
occurrences characterized by several 
biochemical responses, mostly membrane 
damage and impairment of cellular machinery 
leading to a decrease in seed production process 
of germinability [5]. Seed degradation reduces 
the quality of the seed and damages its 
phenological and biochemical characteristics [9]. 
In turn, this causes seeds to become less viable, 
which could lead to the death of seedlings. When 
seed germinability declines, it causes a drop in 
the coefficient rate of germination. Many 
physiological, metabolic, and chemical changes, 
such as lipid peroxidation caused by free 
radicals, a decrease in protein content, the 
inactivation of protein biosynthesis enzymes, the 
disintegration of the cell wall, and RNA damage, 
all contribute to the process of seed deterioration 
[10]. Denaturalization of DNA leads to lipid 
peroxidation, which hinders protein transcription 
and translation and results in the oxidation of 
several amino acids. The rate of seed 
germination is slowed down when these kinds of 
injuries to the seed testa occur. The membrane 
is the primary site for the process of lipid 
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peroxidation because it is a lipid bilayer in nature. 
Reactive oxygen species (ROS), lipid 
peroxidation, and free radicals [11] scavenging 
enzymes are frequently cited as the primary 
causes of seed degradation. Also, they alter the 
proportion of unsaturated fatty acids, which has 
an impact on the lipid bilayer structure of cell 
membranes and raises membrane permeability 
by deactivating membrane-bound proteins. 
During the progression of seed deterioration, an 
increase in the total soluble sugar content of the 
leachate content was observed. Yet, the rise in 
storage period was the cause of in sugar 
leaching [12]. A significant loss of respirable 
substrate from damaged seeds may be indicated 
by extensive sugar leakage. ROS, which affect a 
variety of metabolic activities including 
respiration, CO2 fixation, and gaseous exchange, 
are primarily responsible for degradation. 
Damage to seeds may be prevented by the 
widespread production of reactive oxygen 
species such as hydroxyl radicals (OH

-
), 

superoxide radicals, and hydrogen peroxide 
(H2O2). These metabolic processes result in 
oxidative cell alterations [13] and increase the 
chances of mutation rate.  
 
A sophisticated defense mechanism is present in 
the cells to guard against harm done as a result 
of seed degradation. Catalase, superoxide 
dismutase, peroxidase, and ascorbate 
peroxidase are antioxidant enzymes that 
catalyze the regeneration and formation 
reactions to scavenge the reactive oxygen 
species. The defensive mechanism is made up 
of several nonenzymatic and enzymatic 
mechanisms. According to [14], there is a 
stronger correlation between onion seed viability 
loss and decreased catalase activity. As a result, 
the decline in seed viability is connected with the 
decline in catalase activity, which also highlights 
the seed's low affinity for H2O2 [15]. These 
enzyme activity changes are crucial biomarkers 
for tracking the biochemical alterations brought 
on by deteriorative processes [16]. Biochemical 
methods have been used also to evaluate the 
quality of seeds to monitor the activity of the 
enzymes responsible for cell respiration and 
reserve mobilization. The respiratory capacity of 
the seed decreases due to a fall in an enzyme's 
activity, which affects the provision of energy and 
nutrients to the germination seeds. Seeds that 
degrade quickly exhibit damage to the 
membrane, proteins, and nucleic acids. 
Unsaturated fatty acid peroxidation is one of the 
main causes of the decline in seed viability and 
longevity. The primary cause of rapid seed 

deterioration is thought to be the auto-oxidation 
of lipids and the increase in the concentration of 
free fatty acids during storage time. When fatty 
acid hydrocarbon chains spontaneously oxidize 
in the presence of oxygen during autoxidation, 
reactive free radical intermediates known as 
hydroperoxides are produced [17-18]. The 
degree of damage analysis may be used to 
forecast how well a seed lot will germinate. It is 
well recognized that one of the main areas of 
decline during seed aging occurs in 
mitochondria. Initiation of anaerobic respiration is 
anticipated to provide the energy for metabolic 
functions, if not for repair when mitochondria 
become dysfunctional. Moreover, multiple 
researchers found evidence of a connection 
between ethanol production and seed             
damage [19].  

 
The goals of this study were to 1) define the 
optimal oxygen bioavailability for increasing the 
germination rates of old common bean seeds; 2) 
define the relationship between the concentration 
of bioavailable oxygen in the liquid ingested by 
the germinating seed and seed vigor; and 3) use 
somatic embryogenesis techniques as a method 
for recovering plant germplasm from old or 
improperly stored seeds for use in plant breeding 
programs.  

 
2. MATERIALS AND METHODS 
 
This study was conducted in the tissue culture 
laboratory of the Potato and Vegetatively 
Propagated Vegetables Department, Horticulture 
Research Institute, Agricultural Research Centre, 
Egypt, In the period from 2017 – 2019. This 
study was conducted to regenerate old common 
bean seeds (Phaseolus vulgaris L.)  (8 years old) 
Compared to one-year-old seeds of the same 
variety Giza 6 (local variety). Several preliminary 
experiments were conducted to overcome some 
technical problems such as contamination, and 
deformed embryos, and to choose the 
appropriate protocol to stimulate seed 
germination. Seeds were obtained from the 
Vegetable Seed Production Unit, Vegetable seed 
production technology research department, 
Dokki, Giza, Egypt. 

 
To differentiate between viable seeds and old 
seeds, there is a test called tetrazolium test (TZ) 
based on differentiation by color (red) so that the 
highly viable seeds are completely stained in red, 
then the degree of staining varies according to 
seed viability. 
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2.1 Tetrazolium Test (TZ) 
 
2.1.1 Viable seeds  
 

1. Completely stained seeds.  
2. Seeds where the unstained, flaccid,                        

and/or necrotic tissue does not                           
exceed the permitted maximum               
area. 

 

2.1.2 Non-Viable seeds:  (so-called large 
damages) 

 

1. seeds where the unstained, flaccid, and/or 
necrotic tissue does exceed the permitted 
maximum area 

2. seeds with damage at any other essential 
area (eg. connecting area of cotyledons) 

3. completely  unstained seeds 
4. empty seeds 
5. rotten seeds 
6. seeds infected with insects 
7. seeds with deformed embryos 

 

2.2 Method 
 
Terazolium tests are performed on a sample of 
200 seeds. They were punctured and then 
soaked in a 1% tetrazolium solution for 16 hours 
(Picture 1). 

 
2.2.1 Proposed protocol to improve vigor and 

germination of aged common bean 
seeds 

 
The protocol includes four main steps:  

1. The first step was carried out using the 
seeds as they came from the field. To 
eliminate external pathogens, seeds were 
surface sterilized by 70% ethanol for 30 
seconds, followed by 1% sodium 
hypochlorite for 10 min. One drop of 
Tween 80 was added to the Na-
Hypochlorite solution to lower the surface 
tension. Seeds were then rinsed with 
sterile water three times. 30 seeds of 

uniform size were submersed in one liter of 
hydrogen peroxide solution (20 Mm) (in a 
1.5 L beaker), then the beaker were kept in 
the dark at 25˚C in a growth chamber for 
24 h of imbibitions. The hydrogen peroxide 
solution was supplemented with Catalase 
enzyme (10.5 unit/mL) for breaking down 
hydrogen peroxide to generate oxygen and 
various transition metal catalysts (Fe

+2
, 

Cu
+2

, Mn
+2

). Metal catalysts were prepared 
using FeSO4·7H2O2 (0.001M), 
CuSO4·5H2O (0.001M), MnSO4·H2O 
(0.0001M [21], and CaSO4 (0.5 mM) was 
added to protect the membrane; whereas, 
aged seeds have very fragile biological 
membranes [22]. 

2. For improving vigor and softening of old 
seeds, the seeds obtained from the 
previous step were divided into two 
groups; group one:  seeds were rinsed four 
times with sterile distilled water, allowing 5 
min for each rinse. seeds were then 
inoculated in the Jars containing sterilized 
filter paper (Whatman No.1) or saturated 
cotton with Murashige and Skoog Basal 
Medium [23] + 0.1 µM GA3/L + 2 mg 
kintien/L + 1.0 mM glutamine (M1 medium 
for germination). Five seeds per                        
Jar were incubated at 25±1◦C under 
complete darkness until complete 
germination. 

3. Group two (This group will be used to 
produce embryonic callus): Finally the 
sterilization steps were conducted to 
eliminate those pathogens exposed 
through the embryo dissection of embryo 
borne. Embryos were surface sterilized for 
2 min with 15% commercial bleach (v/v) 
and rinsed 4 times with sterile water. This 
multiple-step sterilization method is 
reliable, reproducible, and efficient. For 
callus induction, mature embryos from 
imbibed and dehulled seeds were 
aseptically moved (not set free) slightly 
with a scalpel according to [24]. The 
seeds, together with their moved

 

     
viable seed Non-viable seed Non-viable seed Root damage Dead seed 

 
Picture 1. A sample evaluation scheme for testing seed viability by the tetrazolium test  

(source: [20]) 
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embryos, were placed furrowed 
downwards. The sterilized explants were 
cultured on MS medium, containing 3% 
(w/v) sucrose and supplemented with 2,4-
D (2,4-Dichlorophenoxyacetic acid) at a 
concentration of 2.5 or 5.0 mg/L + 0.1 µM 
GA3/L + 2 mg kintien/L + 1.0 mM 
glutamine. The vessels used for the solid 
cultures were tubes with a capacity of 25 
ml and jars with a capacity of 30 ml basal 
nutrient medium, respectively. The solid 
medium contained 0.8 % agar. The pH 
was adjusted to 5.7 ± 0.1 before 
autoclaving at 121°C for 15 min. Media 
incubated at 25± 1°C and constant 
illumination at 60 µmol/m2/s. This stage 
took about 6 weeks.  

4. Once the embryos were formed and 
reached the cotyledonary stage, they were 
transferred to the germination DCR 
medium (Douglas–fir Cotyledon Revised 
medium) without growth regulators; the 
DCR medium contains macro- and 
micronutrients as described by [25]. This 
medium was developed to promote shoot 
proliferation. This formulation has ~1/4 the 
concentration of NH4NO3 and KNO3 
compared to MS. Additional Ca

+2
 and NO

-3 

ions are supplied by Ca(NO3)
2
. Embryos 

were picked with the help of sterile forceps 
and transferred to Petri dishes containing 
DCR medium. Once they formed plantlets 
each plantlet was transferred to the culture 
jar (PhytoTechnology) containing the MSO 
medium. 

 

2.2.2 Studied traits 
 

Tetrazolium test: Viable seed (n), Non-viable 
seed (n). Germination traits: germination percent 
(%), normal seedlings (n), abnormal seedlings 
(n), plumule length (cm), radicle length (cm), 
plumule fresh weight (g), radicle fresh weight (g), 
plumule dry weight (g), radicle dry weight (g). 
Somatic embryo stage: callus formation (%), 
embryo formation (%), Torpedo-shaped stage 
embryos (n/seed), plantlet numbers transferred 
to soil (n), survived plants numbers (n). These 
measurements were obtained as an average of 
the number per jar produced from one 
germinated seed. Three jars were taken at 
random, representing one replicate of each 
procedure. 
 

2.2.3 Scanning electron microscopy 
 

To prepare specimens for scanning electron 
microscopy, they were fixed for 4 hours at 4°C in 

2.5% glutaraldehyde in 0.1 M phosphate buffer 
(pH 7.0), dehydrated in ethanol using a critical 
point drier, and then coated with gold in an ion 
coater [26]. The specimen was examined under 
a scanning electron microscope, and photos of it 
were taken.  
 
2.2.4 Counting the somatic embryo-stages  
 
The embryonic callus developing on a solid 
medium was transferred to a suspension culture 
at the maturation of embryo tissue (ET), it was 
prepared as described in the materials and 
methods [27]. Briefly, the suspension cultures 
were initiated by transferring 1 g ET to 30 mL of 
liquid proliferation medium in 100 mL Erlenmeyer 
flasks that were subsequently placed on an 
orbital shaker at 90 rpm. After 7 days of 
subculturing, the suspension cultures (2 mL) 
were spread onto the top of a stack of five pieces 
of sterilized filter paper. After the liquid medium 
was absorbed, the filter paper contained the 
cultures. The evaluation was done by counting 
the torpedo-stage somatic embryos formed in 
each plot, with the aid of a stereo microscope. 
Torpedo-shaped embryos were defined as those 
with an axial length greater than 900 mm, without 
root formation. Cotyledonary-stage embryos 
were defined as those with root formation. Twin 
embryos (those with two cotyledonary parts), 
usually classified as abnormal embryos, were 
counted as normal in the present study because 
they were observed to grow into plants [28].  
 

2.3 Experimental Design 
 
This study was carried out in two experiments. 
The experiments followed a completely 
randomized design, with three replications per 
procedure. Experimental data were statistically 
analyzed using analysis of variance (ANOVA). 
The first experiment: This experiment was 
carried out on seeds germinated at the second 
step of the previously mentioned protocol. In this 
experiment, the statistical analysis consisted of a 
two-factor experiment (treatments and trials) with 
two treatments; the first treatment is germination 
improving and softening of old seeds treatment 
(H2O2 solution) not followed by the M1 medium 
for germination treatment, the second treatment 
is germination improving and softening of old 
seeds treatment (H2O2 solution) followed by the 
M1 medium treatment, compared with the control 
treatment (One-year-old seeds that were cultured 
in distilled water began to germinate). The 
second experiment: This experiment was 
carried out on seeds germinated after the second 
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step of the previously mentioned protocol. In this 
experiment, the statistical analysis consisted of a 
two-factor experiment (treatments and trials) with 
two treatments; the treatments are concentration 
of 2,4-D (2.5 and 5.0 mg/L of medium) + 
supplements compared with the control 
treatment (MS medium). The acquired data were 
statistically evaluated using Fisher's analysis of 
variance (given as a pairwise comparison 
procedure called the least significant difference 
(LSD) test). This test should be employed only if 
the overall F test rejects the hypothesis that all 
means are equal. If the overall test is significant, 
any pair of means is tested using a process 
similar to a standard Student's t-test. No 
additional tests are run if the total F ratio is not 
significant. When it is used, the two treatments 
are deemed different if the absolute difference 
between the two sample means is more than 5% 
using combined ANOVA across experiments with 
one-way complete randomized analysis (Multiple 
comparisons and trends among treatment 
means). The data from the two experiments were 
statistically analyzed using the CoStat package 
program, version 6.4 [29]. The differences 
among the means of treatments were tested 
using the least significant differences (LSD) at 
0.05 level of probability according to the method 
described by [30,31]. The experiment was 
repeated twice (two trials) and the results of both 
experiments showed the same tendency. 
 

3. RESULTS 
 
The results obtained from the germination traits 
values resulting from the experiment of 
regeneration of old seeds germinated with 
distilled water only did not have any response in 
terms of improving the percentage of 
germination; also, the results obtained from the 
embryonic callus induction procedure (after 45 
days) of cultivation on a hormone-free MS 
medium showed that the embryonic callus did 
not form, and therefore these procedures were 
not included in the statistical analysis process. 
 
Mean squares and probabilities for combined 
ANOVA over two trials and the different 
procedures for tetrazolium test, regeneration of 
old seeds, and producing Somatic 
Embryogenesis in the common bean are 
presented in Table 1 and showing that all 
measured traits varied significantly among the 
procedures for regeneration of old seeds and 
producing Somatic Embryogenesis. There was 
no significant difference among the trials, except 
for the trait Callus formation and the trait number 

of plantlets transferred to soil both showed a 
significant difference. There were no significant 
differences among interactions of treatments X 
trials. The absence of significant differences 
among interactions of treatments X trials 
indicated that results were similar in both 
experiments. 
 
R-squared can take any value between 0 to 1. 
The most common interpretation of r-squared is 
how well the regression model explains observed 
data. For example, an r-squared of 60% reveals 
that 60% of the variability observed in the target 
variable is explained by the regression model. 
Generally, a higher r-squared indicates more 
variability is explained by the model. The 
coefficient of variation shows the extent of 
variability of data in a sample to the mean of the 
population. 
 
As shown in Table 2 and Picture 2, a statistically 
significant difference exists in the tetrazolium test 
for the fresh seeds and old seeds. Based on the 
comparison of the mean value, the statistically 
highest numbers of viable seeds (88.166) were 
counted in the fresh seed. 
 
There was a significant variation in respect of 
germination percent (%), number of normal 
seedlings, number of abnormal seedlings, 
plumule length (cm), radicle length (cm), plumule 
fresh weight (g), radicle fresh weight (g), plumule 
dry weight (g), radicle dry weight (g) due to 
different treatments of distilled water, H2O2 

solution, and H2O2 solution + M1 medium. The 
best results were achieved with the H2O2 solution 
+ M1 medium treatment concerning all of the 
previous traits. The values were as follows; 
(20.16%, 19.16, 1.0, 6.3 (cm), 10.300 (cm), 
0.990 (g), 0.306 (g), 0.084 (g), and 0.034 (g), 
respectively) (Table 3 and Pictures 3-8). 
 
There was a significant variation in respect of 
callus formation (%), embryo formation (%), 
number of torpedo-shaped stage embryos per 
seed, number of plantlets transferred to soil, and 
number of survived plants due to different 
treatments of 2.50 mg/L (2,4-D) +  supplements 
and  5 mg/L (2,4-D) +  supplements. The best 
results were achieved with the 5 mg/L (2,4-D) + 
supplements treatment concerning all of the 
previous traits. The values were as follows; 
(21.466 %, 12.316 %, 152.67, 83.0, and 75.0, 
respectively) (Table 4 and Pictures 9-28).  
 
The study of the morphology and induction of 
Somatic Embryogenesis was done used 

https://www.mdpi.com/2223-7747/12/1/213#B3-plants-12-00213
https://www.mdpi.com/2223-7747/12/1/213#B3-plants-12-00213
https://www.investopedia.com/terms/v/variability.asp


 
 
 
 

Hamed and Mohamed; Asian J. Agric. Hortic. Res., vol. 10, no. 4, pp. 22-39, 2023; Article no.AJAHR.98974 
 
 

 
28 

 

scanning electron microscopy. In its early 
phases, the callus appeared as a scattering of 
elongated cells. And after being transferred to 
the DCR medium, the cells became tightly 

packed together, and globular-shaped embryos 
began to emerge between the tightly packed 
together cells. 

 
Table 1. Mean squares and probabilities for combined ANOVA over two trails and the different 

treatments for tetrazolium test, germination traits, and producing somatic embryogenesis 
traits for old seeds of common bean 

 

P F MS df Sources of variation Traits 

    Main Effects Number of viable seed  

*** 35454543 21590.083 4 Treatments  

ns 04043 0.083 4 Trails 

    Interaction 

ns 04043 0.083 4 Treatments * Trails 

  6.25<- 8 Error  

     Germination percent (%) 

    Main Effects 

*** 53404532 10453.722 5 Treatments 

ns 04554 0.889 4 Trails 

    Interaction 

ns 04345 1.388 5 Treatments * Trails 

  3.944<- 45 Error 

     Number of normal seedlings 

    Main Effects 

** 52844858 10602.056 5 Treatments 

ns 04450 0.5 4 Trails 

    Interaction 

ns 04358 1.166 5 Treatments * Trails 

  3.556<- 45 Error 

     Number of abnormal 
seedlings     Main Effects 

*** 3454 1.388 5 Treatments 

ns 0454 0.055 4 Trails 

    Interaction 

ns 0454 0.056 5 Treatments * Trails 

  0.222<- 45 Error 

     Plumule length (cm) 

    Main Effects 

*** 4084325 444404 5 Treatments 

ns 04743 0408 4 Trails 

    Interaction 

ns 04505 04054 5 Treatments * Trails 

  0.106<- 45 Error 

     Radicle length (cm) 

    Main Effects 

*** 384455 21.179 5 Treatments 

ns 04744 0.393 4 Trails 

    Interaction 

ns 04028 0.054 5 Treatments * Trails 

  0.549<- 45 Error 
**,***, ns = Significant ,highly Significant, and non significant  at P< 0.05 
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Cont. Table 1. 

P F MS df Sources of variation Traits 

     
Main Effects 

Plumule fresh weight (g) 

*** 3434444 2.107 5 Treatments  
ns 04555 0.001 4 Trails 
    Interaction 
ns 04275 0.005 5 Treatments * Trails 
  0.006<- 45 Error 

     Radicle fresh weight (cm) 
    Main Effects 
*** 784555 0.041 5 Treatments 
ns 24375 0.005 4 Trails 
    Interaction 
ns 54504 0.001 5 Treatments * Trails 
  5.342e-4<- 45 Error 

     Plumule dry weight (g) 
    Main Effects 
*** 5334505 0.001 5 Treatments 
ns 04337 1.388e-6 4 Trails 
    Interaction 
ns 54505 9.055e-6 5 Treatments * Trails 
  4.111e-6 45 Error 

     Radicle dry weight (g) 
    Main Effects 
*** 5224354 8.882e-4 5 Treatments 
ns 04784 1.388e-6 4 Trails 
    Interaction 
ns 34454 5.555e-6 5 Treatments * Trails 
  1.777e-6<- 45 Error 

     Callus formation (%) 
    Main Effects 
*** 454040 544300 1 Treatments 
*** 304028 554250 4 Trails 
    Interaction 
ns 44388 04700 4 Treatments * Trails 
  0.415<- 8 Error 

     Embryo formation (%) 
    Main Effects 
*** 534405 3.740 1 Treatments 
ns 04004 8.333e-4 4 Trails 
    Interaction 
ns 44478 0.187 4 Treatments * Trails 
  0.159<- 8 Error 

     Number of torpedo-shaped 
stage embryos per seed     Main Effects 

*** 844044 616.333 1 Treatments 
ns 04734 5.333 4 Trails 
    Interaction 
ns 04483 1.333 4 Treatments * Trails 
  7.25<- 8 Error 

**,*** , ns = Significant ,highly Significant, and non significant  at P< 0.05 
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Cont. Table 1.    

P F MS df Sources of variation  

     
Main Effects 

Number of plantlet 
transferred to soil 

*** 5554757 408.333 1 Treatments 
*** 454454 96.333 4 Trails 
    Interaction 
ns 54454 8.333 4 Treatments * Trails  
  1.833<- 8 Error 

     Number of survived 
plants      Main Effects 

** 4054047 494.083 1 Treatments 
ns 04447 0.75 4 Trails 
    Interaction 
ns 24580 44.083 4 Treatments * Trails 
  4.75<- 8 Error 

**,*** , ns = Significant ,highly Significant, and non significant  at P< 0.05 
 

Table 2. Comparing the mean values for the tetrazolium test on fresh and old common bean seeds 
 

 Treatments Mean Coefficient of 
variation (CV) 

Coefficient of 
determination (R²) 

Number of viable seed  Fresh seeds 88.166
a
 

5.464% 0.997 Old seeds 3.333
b
 

LSD 0.05 3.328 
Means within same column followed by the same letter are not significantly different at 5% by LSD 

 

Table 3. Comparing the mean values of germination traits by using some treatments to 
regenerate old common bean seeds 

 

 Treatments Mean Coefficient 
of 
Variation 
(CV) 

Coefficient of 
determination 
(R²) 

Germination 
percent (%) 

Fresh seeds + distilled water (control) 86.33
a
 5.151% 0.997 

Old seeds + H2O2 Solution 9.16
c
 

Old seeds + H2O2 Solution then M1 
medium 

20.16
b
 

LSD 0.05 2.498 

Number of 
normal 
seedlings 

Fresh seeds + distilled water (control) 85.33
a
 5.058% 0.997 

Old seeds + H2O2 Solution 7.33
c
 

Old seeds + H2O2 Solution then M1 
medium 

19.16
b
 

LSD 0.05 2.371 

Number of 
abnormal 
seedlings 

Fresh seeds + distilled water (control) 1.0
b
 36.89% 0.524 

Old seeds + H2O2 Solution 1.83
a
 

Old seeds + H2O2 Solution then M1 
medium 

1.0
b
 

LSD 0.05 0.592 

Plumule 
length (cm) 

Fresh seeds + distilled water (control) 7.783
a
 5.116% 0.947 

Old seeds + H2O2 Solution 5.016
c
 

Old seeds + H2O2 Solution then M1 
medium 

6.3
b
 

LSD 0.05 0.409 

Radicle 
length (cm) 

Fresh seeds + distilled water (control) 11.56
a
 7.481% 0.866 

Old seeds + H2O2 Solution 7.867
c
 

Old seeds + H2O2 Solution then M1 
medium 

10.30
b
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 Treatments Mean Coefficient 
of 
Variation 
(CV) 

Coefficient of 
determination 
(R²) 

LSD 0.05 0.932 

Plumule 
fresh weight 
(g) 

Fresh seeds + distilled water (control) 1.890
a
 6.344% 0.983 

Old seeds + H2O2 Solution 0.772
c
 

Old seeds + H2O2 Solution then M1 
medium 

0.990
b
 

LSD 0.05 0.097 

Radicle fresh 
weight (g) 

Fresh seeds + distilled water (control) 0.362
a
 7.993% 0.934 

Old seeds + H2O2 Solution 0.198
c
 

Old seeds + H2O2 Solution then M1 
medium 

0.306
b
 

LSD 0.05 0.029 

Plumule dry 
weight (g) 

Fresh seeds + distilled water (control) 0.097
a
 2.421% 0.978 

Old seeds + H2O2 Solution 0.07
c
 

Old seeds + H2O2 Solution then M1 
medium 

0.084
b
 

LSD 0.05 0.002 

Radicle dry 
weight (g) 

Fresh seeds + distilled water (control) 0.046
a
 3.877% 0.988 

Old seeds + H2O2 Solution 0.022
c
 

Old seeds + H2O2 Solution then M1 
medium 

0.034
b
 

LSD 0.05 0.001 
Means within same column followed by the same letter are not significantly different at 5% by LSD 

 
Table 4. Comparing the mean values of producing Somatic Embryogenesis traits by using 

some treatments to induction of embryonic callus from old common bean seeds 
 

 Treatments Mean Coefficient 
of Variation 
(CV) 

Coefficient of 
determination 
(R²) 

Callus formation (%) 2.50 mg/L (2,4-D)+supplements 18.783
b
 3.201% 0.934 

5 mg/L (2,4-D) +  supplements 21.466
a
 

LSD 0.05 0.857 

Embryo formation 
(%) 

2.50 mg/L (2,4-D)+supplements 10.433
b
 4.040% 0.755 

5 mg/L (2,4-D) +  supplements 12.316
a
 

LSD 0.05 0.531 

Number of torpedo-
shaped stage 
embryos per seed 

2.50 mg/L (2,4-D)+supplements 138.33
b
 1.850% 0.914 

5 mg/L (2,4-D) +  supplements 152.67
a
 

LSD 0.05 3.584 

Number of plantlet 
transferred to soil 

2.50 mg/L (2,4-D)+supplements 71.33
b
 1.754% 0.972 

5 mg/L (2,4-D) +  supplements 83.0
a
 

LSD 0.05 1.802 

Number of Survived 
plants 

2.50 mg/L (2,4-D)+supplements 62.16
b
 3.177% 0.934 

5 mg/L (2,4-D) +  supplements 75.0
a
 

LSD 0.05 2.901 
Means within same column followed by the same letter are not significantly different at 5% by LSD 
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Picture 3.  The Picture shows seed imbibitions in 20 mM hydrogen peroxide solution and  
supplements  after 24 h 

 
Picture 2. The Picture  shows the difference between the degree of staining in the 

tetrazolimium test for both old and fresh seeds 
 

   
 

Picture 6. The Picture shows seed germinating and 
hypocotyls growth in 20 mM hydrogen peroxide solution 

and supplements 

 
Picture 5. The Picture shows seed germinating and hypocotyls 
growth in 20 mM hydrogen peroxide solution and supplements 

 
Picture 4. The Picture shows seed germinating 

and hypocotyls growth in 20 mM hydrogen 
peroxide solution and supplements 

 
 



 
 
 
 

Hamed and Mohamed; Asian J. Agric. Hortic. Res., vol. 10, no. 4, pp. 22-39, 2023; Article no.AJAHR.98974 
 
 

 
33 

 

 
 

 

Picture 8. The Picture shows  swelling of the root cap area of the embryo for the old 
seeds after imbibition 

Picture 7. The Picture shows  swelling of the root cap area of the embryo for the old 
seeds after imbibition 
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4. DISCUSSION 
 

Some previous papers support and in agreement  
with our finding in this study. Before planting, 
seeds can be immersed in a solution for a few 
hours or days to introduce compounds that 
promote germination. It has been discovered that 
additional compounds can boost germination 
rates. When used with aged or big seeds, 
hydrogen peroxide can promote germination by 
increasing oxygen availability to developing 
embryos [32]. In addition to providing 
macronutrients, potassium nitrate may also 
assist in regulating plant hormones in the 
germination of seeds [33]. A hormone that occurs 
naturally in plants, gibberellic acid (GA), 
positively regulates germination and plant 
growth. GA is produced by a healthy seed as it 
absorbs water. In rare instances, GA treatments 
can speed up the emergence of germination 
indicators and boost germination rates in old or 
dormant seeds [34]. As an alternative, soaking 
seeds may lower the levels of Abscisic acid 
(ABA) in the seed coats, increasing GA activity 
[35]. Certain older seeds will sprout more readily 
if they are initially allowed to absorb moisture 
very slowly, preventing them from germinating, 
and then gently dried back to storage moisture 
content (that technique called seed priming). 
Osmopriming (soaking seeds in an osmotic 
solution) is a method that has been found to 
improve seed germination, even in older seeds, 
albeit the exact process is still unclear. Moreover, 
there are methods for bacterial seed priming that 
have been effective in boosting germination. [36] 
indicate that soaking medicinal plant seeds in a 
suspension of Bacillus polymyxa for twenty 
minutes before sowing improved the germination 
rate, germination speed, and early growth of 
growing plants. For several species, "bio-
priming" with a bacterial suspension has been 
demonstrated to be effective. Although some 
microorganisms that encourage germination are 
now commercially accessible as a seed 

treatment that farmers can employ,                      
priming requires laboratory equipment and 
expertise. 
 
Starting seedlings on sterile agar growth media 
in Petri plates in indoor growth chambers can 
boost germination rates [37]. To provide the 
seeds with some of the nutrients and minerals 
that the seeds are unable to fully give, the 
medium can be supplemented with 
carbohydrates, amino acids, minerals, vitamins, 
and hormones [38]. For seed and tissue culture, 
a typical media is Murashige and Skoog (MS) 
[39]. The seeds will probably be cleaned or 
treated to decrease bacterial and fungal spores 
on the hulls, and the agar medium may contain 
antibiotics and/or fungicides to manage 
infections. 
 

When somatic embryos (SE) are induced in plant 
culture systems, the addition of Plant Growth 
Regulators (PGR) to the culture media is crucial 
for promoting cell differentiation. The type and 
concentration of PGR employed for each culture 
affect the SE process most. Using various 
explants, circumstances, and PGR 
concentrations, various plant species, including 
C. canephora [40], A. thaliana [41], and Musa 
spp. [42], successfully responded to the SE 
induction. Auxins must be added to the culture 
medium for many species that may develop 
somatic embryos from cell suspension cultures. 
Inducing SE and the early stages of somatic 
embryo development requires the use of 2,4-
dichloroacetic acid (2,4-D) [43]. For instance, by 
applying a low concentration of 2,4-D, the 
production for embryogenic date palm harvests 
improved 20 times [44]. Other PGRs, like 
cytokinins  (CKs), also contribute to the growth of 
plants by encouraging the development of buds, 
delaying the aging of the leaves, and                     
boosting cell division in conjunction with auxins; 
these two regulators are known to work in 
concert [45]. 

 

 
 

Picture 9.  The Picture shows  the stage of embryonic callus formation when the full parts of 
the seeds are incubated on 5 mg/L (2,4-D) +  supplements medium 
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Picture 11. The Picture shows  the stage of 
multiplication and hypocotyls growth when the 
full parts of the seeds are incubated on 5 mg/L 

(2,4-D) +  supplements medium 

Picture 10. The Picture shows  the stage of 
multiplication when the full parts of the 
seeds are incubated on 5 mg/L (2,4-D) +  

supplements medium 

 

  
 

Picture 13. The electron microscopy 
photograph shows embryonic callus clumps -shaped 

stage embryos, bar = 1.00 mm 

 
Picture 12. The electron microscopy 

photograph shows embryonic callus clumps-shaped 
stage embryos, bar = 500 µm 

 

  
 

Picture 15. The electron microscopy 
photograph shows Cotyledon-shaped stage embryos, 

bar = 500 µm 

 
Picture 14. The electron microscopy 

photograph shows Cotyledon-shaped stage 
embryos, bar = 200 µm. 
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Picture 17. The electron microscopy 
photograph shows Torpedo-shaped stage embryos, 

bar = 1.00 mm 

 

 
Picture 16. The electron microscopy 

photograph shows Torpedo-shaped stage embryos, 
bar = 100 µm 

 
 

 
Picture 19. The electron microscopy 

photograph shows the embryonic callus induction 
procedure (after 45 days) of cultivation on a hormone-
free MS medium showed that the embryonic callus did 

not form, bar = 1 mm 

Picture 18. The electron microscopy 
photograph shows the embryonic callus induction 

procedure (after 45 days) of cultivation on a 
hormone-free MS medium showed that the 

embryonic callus did not form. , bar = 500 µm 

 

   
Picture 20. Picture 21. Picture 22. 

   
Picture 23. Picture 24. Picture 25. 
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Picture 26. Picture 27. Picture 28. 

 
Pictures 20-28. The photographs show the regeneration of old common bean seeds in pots medium, where they 

developed into healthy plants 
 

5. CONCLUSION 
 

To determine which techniques are most 
successful for regenerating aged seeds, it is 
critical to compare them. This study established 
that prolonged hypoxia throughout a protracted 
period of storage can inhibit germination. While 
hydrogen peroxide treatment (20 mM) supplies 
oxygen throughout the germination process, it 
can overcome hypoxia during bean seed 
imbibitions and germination. Catalase enzyme 
(10.5 units/mL) and other catalytic agents, such 
as transition metal ions like Fe

+2
, Cu

+2
, and Mn

+2
 

are crucial for converting hydrogen peroxide into 
oxygen., transition metal ions can be used at the 
following concentrations: 0.001M, 0.001M, and 
0.0001M, respectively. A protective layer of 
CaSO4 (0.5 mM) was applied since aged seeds 
have very fragile biological membranes. The test 
of trazolium gave results for some common bean 
seeds that it is non-viable or some parts of the 
seed are damaged or defective; However, 2,4-D 
at a concentration of 5 mg/l + supplements was 
able to produce somatic embryos of the old 
seeds tissues for common bean cv. Giza 6 (a 
local cultivar). 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Machiani MA, Rezaei-Chiyaneh E, 

Javanmard A, Maggi F, Morshedloo MR. 
Evaluation of common bean (Phaseolus 
vulgaris L.) seed yield and quali-
quantitative production of the essential oils 
from fennel (Foeniculum vulgare Mill.) and 
dragonhead (Dracocephalum moldavica 
L.) in intercropping system under humic 
acid application. J. Clean. Prod. 2019; 

235(1):112–122. [Google Scholar] 
[CrossRef] 

2. Gepts P, Aragao FJ, Barros E-De Blair, 
MW, Brondani, R, Broughton W, Galasso, 
I, Hernandez G, Kami J, Lariguet P, 
McClean P. Genomics of Phaseolus 
beans, a major source of dietary protein 
and micronutrients in the tropics. In 
Genomics of Tropical Crop Plants; Moore, 
P.H., Ming, R., Eds, Springer: New York, 
NY, USA. 2008;113–143. [Google Scholar] 

3. FAOSTAT. Food & Agriculture 
Organization Corporate Statistical 
Database; 2021. 

4. Singh R, Bassi G. Response of bittergourd 
(Momordica charantia L.) seed to seed 
priming treatments under suboptimal 
environments. Ind J Agri Sci. 2016;86(7): 
935-939. 

5. Walters C, Ballesteros D, Vertucci VA. 
Structural mechanics of seed deterioration: 
Standing the test of time. Plant Sci. 2010; 
179:565–573. 

6. Ellis RH, Roberts EH. A revised seed 
viability monograph for onion. Seed Res. 
1977;5:93-103. 

7. Biabani A, Boggs LC, Katozi M, Sabouri, 
H. Effects of seed deterioration and 
inoculation with Mesorhizobium ciceri on 
yield and plant performance of chickpea. 
Aust J Crop Sci. 2011;5(1):66-70. 

8. Amjad M, Anjum MA. Effect of relative 
humidity and aging period on the quality of 
onion seed. Int J Agri Biol. 2002;4(2):291-
296. 

9. Tilebeni GH, Golpayegani A. Effect of seed 
aging on physiological and biochemical 
changes in rice seed (Oryza sativa L.). Int 
J Agri Sci. 2011;1:38-143. 

10. Mahjabin, Bilal S, Abidi AB. Physiological 
and biochemical changes during seed 
deterioration: A Review. Int. J. Recent Sci. 
Res. 2015;6:3416-3422. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiQraKr9dT9AhV1caQEHa1iDWEQFnoECBQQAQ&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2F2%2C4-Dichlorophenoxyacetic_acid&usg=AOvVaw3QppTvVCFnEqtJ6d0uOebP
https://scholar.google.com/scholar_lookup?title=Evaluation+of+common+bean+(Phaseolus+vulgaris+L.)+seed+yield+and+quali-quantitative+production+of+the+essential+oils+from+fennel+(Foeniculum+vulgare+Mill.)+and+dragonhead+(Dracocephalum+moldavica+L.)+in+intercropping+system+under+humic+acid+application&author=Machiani,+M.A.&author=Rezaei-Chiyaneh,+E.&author=Javanmard,+A.&author=Maggi,+F.&author=Morshedloo,+M.R.&publication_year=2019&journal=J.+Clean.+Prod.&volume=235&pages=112%E2%80%93122&doi=10.1016/j.jclepro.2019.06.241
https://doi.org/10.1016/j.jclepro.2019.06.241
https://scholar.google.com/scholar_lookup?title=Genomics+of+Phaseolus+beans,+a+major+source+of+dietary+protein+and+micronutrients+in+the+tropics&author=Gepts,+P.&author=Aragao,+F.J.&author=Barros+E-De+Blair,+M.W.&author=Brondani,+R.&author=Broughton,+W.&author=Galasso,+I.&author=Hernandez,+G.&author=Kami,+J.&author=Lariguet,+P.&author=McClean,+P.&publication_year=2008&pages=113%E2%80%93143


 
 
 
 

Hamed and Mohamed; Asian J. Agric. Hortic. Res., vol. 10, no. 4, pp. 22-39, 2023; Article no.AJAHR.98974 
 
 

 
38 

 

11. Hendry GAF. Oxygen free radical 
processes and seed longevity. Seed Sci. 
Res. 1993;3(3):141-153. 

12. Abdul-Baki AA, Anderson JD. Vigor 
determination in soybean seeds by 
multiple criteria. Crop Sci. 1973;13(6):630-
633. 

13. Moller IM, Jensen PE, Hansson A. 
Oxidative Modifications to cellular 
components in plants. Annu. Rev. Plant 
Biol. 2007;58:459-468. 

14. Demirkaya M, Dietz KJ, Sivritepe HO. 
Change in antioxidant enzymes during 
aging of onion seeds. Not. Bot. Hort. 
Agrobot. Cluj. 2010;38(1):49-52. 

15. Gutteridge JMC, Halliwell B. The 
measurement and mechanism of lipid 
peroxidation in biological systems. Trends 
Biochem. Sci. 1990;15(4):129-135. 

16. Silva PP, Sekita MC, Dias DCF, 
Nascimento WM. Biochemical and 
physiological analysis in carrot seeds from 
different orders of umbels. Revista Ciência 
Agronômica. 2016;47(2):407-413. 

17. Taiz L, Zeiger E. Energy and Enzymes. In: 
Taiz, L, Zeiger, E. Plant Physiology. 4

th
 ed. 

Sunderland: Sinauer Associates. 2006;2:1-
22. 

18. Dahuja A, Yadav S. Biochemical basis of 
seed deterioration-an overview. Seed Res. 
2015;43:1-8. 

19. Rutzke CFJ, Taylor AG, Obendorf RL. 
Influence of aging, oxygen, and moisture 
on ethanol production from cabbage 
seeds. J. American. Soc. Hort. Sci. 2008; 
133(1):158–164. 

20. Tetrazolium Committee. Relationship 
between Tetrazolium and Germination 
tests. Stefanie Krämer. Agenda Point. 
2010;11:15-11:45. 

21. Rajashekar CB, Baek KH. Hydrogen 
peroxide alleviates hypoxia during 
imbibition and germination of bean seeds 
(Phaseolus vulgaris L.). American Journal 
of Plant Sciences. 2014;5(24):3572-3584. 
DOI: 10.4236/Ajps.2014.524373  

22. Liu G, Porterfield DM, Li Y, Klassen W. 
Increased oxygen bioavailability improved 
vigor and germination of aged vegetable 
seeds. Hort Science. 2012;47(12):1714-
1721. 

23. Murashige T, Skoog F. A revised medium 
for rapid growth and bio assays with 
tobacco tissue cultures. Physiologia 
Plantarum. 1962;15(3):473–497.  
DOI:10.1111/j.1399-3054.1962.tb08052.x. 
S2CID 84645704. 

24. Özgen M, Türet M, Altinok S, Sancak C. 
Efficient callus induction and plant 
regeneration from mature embryo culture 
of winter wheat (Triticum aestivum L.) 
genotypes. Plant Cell Reports. 1998; 
18(3):331–335. 

25. Gupta PK, Durzan DJ. Shoot multiplication 
from mature trees of Douglas-fir 
(Pseudotsuga menziesii) and sugar pine 
(Pinus lambertiana). Plant Cell Reports. 
1985;4(4):177-179. 

26. Dawns CJ. Biological techniques in 
electron microscopy. - Barnes and Noble, 
New York; 1971. 

27. Sun TY, Wang YL, Zhu LH, Wu XQ, Ye 
JR. Plant regeneration by somatic 
embryogenesis in Pinus thunbergii 
resistant to the pine wood nematode. Can 
J For Res. 2019;49(12):1604–1612. 

28. Li H, Kurata K. Static suspension culture of 
carrot somatic embryos. J Biosci Bioeng. 
2005;99(3):300-302.  
DOI: 10.1263/jbb.99.300.  
PMID: 16233794. 

29. Cohort Software, USA. Costat; 2008. 
www.cohort.com. Monterey, California, 
USA. 

30. Snedecor G.W. and W.G. Cochran. 
Statistical Methods. 1980; 7

th
 Ed. Ames: 

lowa State university press.  
31. Gomez, K.A. & Gomez, A.A. Statistical 

Procedures for Agricultural Research. New 
York: John Wiley & Sons Inc. New York. 
1984;67-215. 

32. Dufková H, Berka M, Luklová M, Rashotte 
AM, Brzobohatý B, Cerný M. Eggplant 
germination is promoted by hydrogen 
peroxide and temperature in an 
independent but overlapping manner. 
Molecules. 2019;24(23):4270.  
DOI:https://doi.org/10.3390/molecules2423
4270. 

33. Farajollahi A, Gholinejad B, Jafari HJ. 
Effects of different seed treatments on 
seed germination improvement of 
Calatropis persica. Advances in 
Agriculture. 2014;2014(2):1-5:Article ID 
245686,  
DOI:https://doi.org/10.1155/2014/245686. 

34. Ardebili ZM, Abbaspour H, Afshari RT,  
Kalat SMN. Evaluation of germination and 
antioxidant activity in GA3-primed 
deteriorated wheat seed. Russian             
Journal of Plant Physiology. 2019;66:958–
965.  
DOI:https://doi.org/10.1134/S10214437190
60025. 

http://doi.org/10.4236/Ajps.2014.524373
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1111%2Fj.1399-3054.1962.tb08052.x
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:84645704
http://www.cohort.com/


 
 
 
 

Hamed and Mohamed; Asian J. Agric. Hortic. Res., vol. 10, no. 4, pp. 22-39, 2023; Article no.AJAHR.98974 
 
 

 
39 

 

35. Mangena P, Mokwala PW. The influence 
of seed viability on the germination and in 
vitro multiple shoot regeneration of 
soybean (Glycine max L.). Agriculture. 
2019;9(35):1-12.  
DOI:https://doi.org/10.3390/agriculture902
0035. 

36. Bidabadi SS, Mehralian M. Seed bio-
priming to improve germination, seedling 
growth, and essential oil yield of 
Dracocephalum kotschyi Boiss, an 
endangered medicinal plant in Iran. 
Gesunde Pflanzen. 2020;72(1):17-27.  
DOI:https://doi.org/10.1007/s10343- 019-
00478-2. 

37. Porteous G, Nesbitt M, Kendon JP, 
Prychid CJ, Stuppy W, Conejero M, 
Ballesteros D. Assessing extreme seed 
longevity: The value of historic botanical 
collections to modern research. Frontiers 
in Plant Science. 2019;10:1181.  
DOI:https://doi.org/10.3389/fpls.2019.0118
1. 

38. Kauth PJ, Dutra D, Johnson TR, Stewart 
SL, Kane ME, Vendrame W. Techniques 
and applications of in vitro orchid seed 
germination. In J. A. Teixeira da Silva 
(Ed.), Floriculture, Ornamental and Plant 
Biotechnology: Advances and Topical 
Issues, Volume V. Global Science Books, 
Ltd. 2008;375-391. ISBN 9784903313122. 

39. Kumar PP, Loh CS. Plant tissue culture for 
biotechnology. In A. Altman & P. M. 
Hasegawa (Eds.), Plant Biotechnology and 
Agriculture. Elsevier Press, Amsterdam. 
2012;131-138. 
DOI:https://doi.org/10.1016/C2009-0-
61282-4 

40. Márquez-López RE, Pérez-Hernández CA, 
Kú-González Á, Galaz-Ávalos RM,  
Loyola-Vargas VM. Localization and 
transport of indole-3-acetic acid during 
somatic embryogenesis in Coffea 

canephora. Protoplasma. 2018;255(2): 
695–708.  
DOI: 10.1007/s00709-017-1181-1 

41. Grzybkowska D, Morosczyk J, 
Wójcikowska B, Gaj MD. Azacitidine (5-
AzaC)-treatment and mutations in DNA 
methylase genes affect embryogenic 
response and expression of the genes that 
are involved in somatic embryogenesis in 
Arabidopsis. Plant Growth Regul. 2018; 
85:243–256.  
DOI: 10.1007/s10725-018-0389-1 

42. Shivani, Awasthi P, Sharma V, Kaur, N, 
Kaur N, Pandey P, Tiwari S. Genome-wide 
analysis of transcription factors during 
somatic embryogenesis in banana (Musa 
spp.) cv. Grand naine. PLoS One. 
2017;12(8):12: e0182242.  
DOI: 10.1371/journal.pone.0182242 

43. Nic-Can GI, Loyola-Vargas VM. “The role 
of the auxins during somatic 
embryogenesis,” in Somatic 
Embryogenesis. Fundamental Aspects and 
Applications, eds V. M. Loyola-Vargas and 
N. Ochoa-Alejo (Cham: Springer). 2016; 
171–182.  
DOI: 10.1007/978-3-319-33705-0_10 

44. Abohatem MA, Bakil Y, Baaziz M. “Plant 
regeneration from somatic embryogenic 
suspension cultures of date palm,” in Date 
Palm Biotechnology Protocols, Vol. I, eds 
J. Al-Khayri, S. Jain, and D. Johnson  
(New York, NY: Springer). 2017;1:203–
214.  
DOI: 10.1007/978-1-4939-7156-5_17 

45. Singh P, Sinha AK. Interplay between 
auxin and cytokinin and its impact on 
mitogen activated protein kinase (MAPK),” 
in Auxins and Cytokinins in Plant Biology: 
Methods and Protocols, eds T. Dandekar 
and M. Naseem (New York, NY: Springer). 
2017;93–100.  
DOI: 10.1007/978-1-4939-6831-2_7 

 
© 2023 Hamed and Mohamed; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/98974 

http://creativecommons.org/licenses/by/2.0

