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Tissue culture methods are useful in assessing the tolerance of various stresses due to the ease of control-
ling stress under in vitro conditions. This study aimed to investigate the response of sugarcane genotyps
to drought stress using calli as a model system. For inducing sugarcane callus, the medium of Murashige
and Skoog (MS) was used with different mannitol concentrations (100, 200, and 300 mM) to measure
their effects on callus frequency, the day of callus initiation, embryogenic potential, relative growth rate
(RGR), water and proline contents, K+ and Na+ contents, as well as the formation of shoot and roots for
three sugarcane genotypes (e.g., GT 54-9, G 84-47, and pH 8013). The RAPD-PCR analysis was carried
out using five oligonucleotide primers to identify the genetic variation among sugarcane genotypes.
The results indicated that the degree of callus proliferation varied from 70 � 86%. The highest value of
callus proliferation, PGR, shoot formation was recorded for the genotype GT 54-9 compared to the other
two genotypes (G 84-47 and pH 8013). Calli treated with 100 mMmannitol showed the highest RGR, pro-
line and waer contents for the genotype GT 54-9, while, those treated with 300 mM recorded the lowest
values of these parameters for the genotype pH 8013. The genotype G 84-47 collected highest Na+ con-
tent, while the genotype pH 8013 collected highest K+ content. The results of this study recommend pref-
erence for GT 54-9 genotype, which is considered the most promising genotype, showing more tolerance
to drought stress based on all studied traits.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Sugarcane is the fundamental material for white sugar produc-
tion worldwide (Arif et al., 2019). The present area of sugarcane
(Saccarum officinarum) is about 14.2 million ha with a total com-
mercial world production of about 1374.9 million ton per year cane
or 60.5 million ton per year sucrose. (FAOSTAT, 2019). Optimum
temperature for sprouting (germination) of stem cuttings is 32 to
38 �C. Optimum growth is achieved with mean daily temperatures
between 22 and 30 �C. Minimum temperature for active growth is
approximately 20 �C. For ripening, however, relatively lower tem-
peratures in the range of 20 to 10 �C are desirable, since this has a
noticeable influence on the reduction of vegetative growth rate and
the enrichment of sucrose in the cane. Sugarcane juice is used as a
fresh drink and is rich in vitamins, carbohydrates, and amino acids.
About four hundred and ninety-three megagrams (Mg; metric ton)
of bagasse from about one thousand six hundred Mg of sugarcane
have been obtained in the sugar industry (Khattab et al., 2019).
About 2,500 years ago, sugar began to be commercially produced
from sugarcane in India and China, and in the eighteenth century
spread to Western Europe (Leal, 2007; Kaur, 2014). Today, sugar-
cane is used as raw material for fuel production, chemicals, bio-
fertilizers, paper, and pulp. Sugarcane contributes about 70% of
sugar production worldwide, so it is an important crop for agricul-
tural industries (Arruda, 2011; Aguilar-Rivera, 2019). It is a tribe
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that is part of Andropogoneae under the Poaceae family (grasses)
(Selman-Housein et al., 1999). As polyploids and aneuploids, mod-
ern sugarcane cultivars are originated from crosses of S. officinarum
L. (2n = 80) with S. spontaneum L. (2n = 40:128) and backcrossing
interspecific hybrids with the S. officinarum L. parent (Ming et al.,
2006).

(Rady et al., 2021)As one of the most limiting abiotic stresses,
drought (water deficit) minimizes the efficiency of crop plants in
terms of all morphological, physiological, and biochemical perfor-
mances and thus the final productivities (Abd El-Mageed et al.,
2016, 2017; Al-Elwany et al., 2020; Alharby et al., 2020; Rady
et al., 2020; Taha et al., 2020; Desoky et al., 2021; Semida et al.,
2021). Under a prolonged period of water scarcity, most crop
plants suffer from drought and eventually die. Drought-stressed
plants tend to have higher solute concentrations in their cells
due to reduced cell turgor (Desoky et al., 2020a). Drought affects
plant nutrition and metabolism, which leads to a minimization of
the assimilate partitioning into organs, which is reflected in the
reduction of leafy areas (Merwad et al., 2018). Due to the complex-
ity of responding to water scarcity, plants evolve and/or adopt dif-
ferent mechanisms by which to confront this opponent. Among
these mechanisms, escaping (by prompt development), avoidance
(by maximizing water uptake and minimizing its loss through
reducing stomatal conductance and leafy areas), tolerance (by
keeping cell turgor through efficient osmotic adjustment), and
resistance (by other survival mechanisms), all of which allow
plants to perform well to terminate their life cycles (Rady et al.,
2019a; Desoky et al., 2020b).

Tissue culture methods help assess the tolerance of various
stresses due to the ease of controlling stress under in vitro condi-
tions. Besides, a standardized set of synchronously developing
plant cells is furnished in in vitro culture whose regulatory mech-
anisms (which are naturally fixed on the whole plant basis) are
not accompanied (Evans et al., 1981; Ammirato (1983)). In vitro
tissue culture comprises a pivotal tool to examine the physio-
biochemical mechanisms, which stimulate response to stress con-
ditions at the level of the plant cell (Lerner, 1985; Lushchak, 2011;
Rai et al., 2011). Additionally, tissue culture permits plants to con-
trol stress homogeneity and characterization of cellular behaviors
under stress conditions, autonomously of regulatory systems,
which occur at the level of the whole plant (Lutts et al., 2004).

Many in vitro studies were done to assess sugarcane response to
stress (Karpe et al., 2012). The authors assessed sugarcane’s
responses to salinity stress (up to 150 mM) by in vitro plantlets,
and thus, in vitro sugarcane plantlets could be incorporated into
a screening system for selecting salinity- and/or drought-
resistant sugarcane genotypes. Comparing with stress-sensitive
genotypes, stress-resistant sugarcane genotypes aggregate a lower
proline content (Singh, 2003) and succeed in conferring regenera-
tion from tissue culture. This qualify sugarcane to be incorporated
into breeding programs for clones’ immediate screening for
drought resistance, early maturity, and high sugar yield. The tissue
culture-identified new sugarcane variety (regenerated somatic
embryogenesis on the MS medium complemented with 3 mg
NAA L�1) with high sugar content and stress resistance should be
available to the producers for commercial interest (María et al.,
1997). Nine sugarcane genotypes have been evaluated for their
ability to induce callus, to produce embryogenic callus, and to
regenerate (Gandonou et al., 2005). The authors reported a high
rate of 69 to 95% for inducing callus and 60 to 100% for embryo-
genic callus.

Genetic variation has been displayed in individual species or
organisms by genetic markers (Jones et al., 1997). It is usually visu-
ally characterized phenotypic characters (Sumarani et al., 2004).
The markers of DNA are exceedingly welcomed as a worthwhile
tool for many crop improvements (Mackill et al., 1999; Koebner
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and Summers, 2003; Tuberosa et al., 2003; Williams, 2003;
Abdelsalam et al., 2019). The RAPD (Random Amplified Polymor-
phic DNA) is an uncomplicated and time-efficient technique
(Garcia et al., 2004), its results in the amplification of few random
segments of DNA, allowing for variation in length and number of
amplified segments when the sequence of the segments is altered.
The RAPDs have been highly welcomed for genetic variance analy-
ses and recommended for plant somaclonal variance analyses
(Ngezahayo et al., 2007; Cuesta et al., 2010; Babu et al., 2014;
Teama, 2018).

A reasonable number of studies have not been performed to
evaluate the improvement of drought tolerance of sugarcane geno-
types such as GT 54-9, G 84-47, and pH 8013. This study hypothe-
sized that at least one genotype of sugacane (from GT 54-9, G 84-
47, and pH 8013) would be generated from tissue culture tech-
nique to select as the most drought-tolerant for cultivation under
drought expected, due to climate change, at the open field level.
Therefore, the objectives of this investigation are to evaluate three
sugarcane genotypes for their capabilities to callus induction and
their drought tolerance under different mannitol concentrations,
besides, identify the genetic variation among sugarcane genotypes
via RAPD-PCR.
2. Materials and methods

2.1. The source of genotypes

For this study, the sugarcane genotypes found in Table S1 as
supplementary material are from complex hybrids Saccharum offic-
inarum and other species under the genus Saccharum.

2.2. The techniques of tissue culture

2.2.1. The contents of the used medium
The medium of Murashige and Skoog (MS) (Ahloowalia and

Maretzki, 1983) was used (from Duchefa Biochemical, Duchefa,
Postbus 809, Haarlem, Netherlands). The medium was supple-
mented with sucrose (3%) solidified with 8 g agar per L. For induc-
tion of callus, the MSmediumwas provided by 4 mg 2,4-D L-1, 0.5 g
Casein hydrolysate L-1, and 10% coconut water as previously rec-
ommended (Mohashweta et al., 2011). The medium pH value
was adjusted to pH 5.7–5.8 by adding HCl (0.1 M) or NaOH
(0.1 M). The medium was poured into a jar (150 ml) and then auto-
claved (for sterilization) for ⅓ h at 121 �C under the pressure of
1.1 kg cm�2. The medium also contains the following plant growth
regulators and other components; NAA (1-Naphthaleneacetic
acid), 2,4-D (2,4-Dichlorophenoxy acetic acid), kinetin, casein
hydrolysate, sucrose, agar-agar, coconut water, mannitol, and
HNO3.

2.2.2. The production of callus
From each genotype, stem sections including two lateral buds

were established in soil-containing plastic containers under con-
trolled conditions for six months. Then, healthy and disease-free
explants were used to cut shoot tips for use in this study (Fig. 1).

2.2.3. The culture preparation and conditioning
Using a pair of secateurs, the sugarcane stalks were harvested

by cutting them off at the base. The stalk was then cleaned from
the immature leaf roll by removing it above the natural breaking
point and the apical stalk section leaves were pruned. In in vitro,
cutting (to 100–150 mm) was performed transversely for the leaf
roll on the upper end (Fig. 1) and then disinfected by wiping the
surface with ethanol (95 %, v/v). Thereafter, in the laminar flow
under aseptic conditions, the outer leaf sheaths of the stalk apices



Fig. 1. Showing the following i.e. (1) material of sugarcane used in the current study (sugarcane leaf roll), (2) leaf sections on solidified medium, (3–5) different callus
induction in three sugarcane genotypes (3) GT 54-9, (4) G 84-47, (5) ph 8013, (6) Embryogenic, (7) non embryogenic callus induced from leaf explant of sugarcane genotypes,
(8–11) different concentrations of mannitol on callus relative growth rate of GT 54-9 genotype as (8) control, (9) 100 mM mannitol, (10) 200 mM mannitol, (11) 300 mM
mannitol, (12–15) effect of different concentrations of mannitol on callus relative growth rate of G 84-47 genotype; (12) control, (13) 100 mM mannitol, (14) 200 mM
mannitol, (15) 300 mMmannitol, (16–19) effect of different mannitol concentrations on callus relative growth rate of pH 8013 genotype; (16) control, (17) 100 mMmannitol,
(18) 200 mM mannitol, (19) 300 mM mannitol, and (20) effect of different concentrations of mannitol on percentage of callus water content.
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were removed using a sterile scalpel until the inner immature leaf
roll was exposed.

The stem sections were disinfected with ethanol (75%, v/v) then
dipped in a 0.03% (w/v) solution of HgCl2 for ½ h and rinsed in ster-
ile distilled water for 10 min three times as recommended (Errabii
et al., 2007). The leaf roll was sliced into 30 transverse sections,
each approximately 2 mm thick, from the tip of the leaf roll
towards the base of the apical meristem. The leaf roll sections were
then placed on a solidified medium in Petri dishes 10 sections per
plate (Fig. 1) with the ventral surface of each disk in contact with
the medium. Petri dishes each with 25–30 ml of the medium were
established to perform the experiments. The ten sections were cul-
tured on the surface of the agar-solidified medium. Each dish was
considered as one replication that resulted in five replicates for
each genotype. Plates were sealed with parafilm and incubated at
25 ± 2 �C in the dark. Every two weeks, the subculture was carried
out on a fresh medium. The flowing variables were recorded for
each petri dish in this investigation as the day number required
to callus initiation and percentage of embryogenic callus derived
from the three genotypes.
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2.2.4. In vitro-inducing drought states using mannitol (C6H8OH6)
Immediately before sterilization of the culture medium, manni-

tol was added in final concentrations of 0, 100, 200, and 300 mM
according to Errabii et al. (2007).

2.2.5. Determination of callus relative growth rate and water content
Ten weeks after the start of the drought treatments, each callus

was weighed and then applied to the medium of MS performed or
not with stressors. For each treatment (genotype), calli were uti-
lized at counts of approximately 30–35. Four weeks after the start
of the drought treatments, evaluation of calli and their ion and pro-
line contents was performed.

Based on the weight of fresh callus (FW), its relative growth rate
(RGR) was assessed applying the following formula (Patade et al.,
2011):

RGR ¼ final FW �� initial FWð Þ � initial FW½ �
Based on the weight of fresh and dried callus (FW and DW,

respectively), the water content of callus was computed applying
the formula:
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Water content ¼ callus FW �� callus DWð Þ � callus DW½ �
2.2.6. Assessment of the contents of K+ and Na+ ions, and proline
Using an electric oven set at 80 �C, calli were kept for three days

or until weight consistency. After grinding the dried calli, K+ and
Na+ ions were analyzed for their contents, utilizing a Flame Spec-
trophotometer (PDF 90D, France), in the filtered extract of the
digested dried calli (using HNO3) (Lutts et al., 1996). The content
of proline was assessed applying the method of Bates et al. (1973).
2.2.7. Shoot regeneration
Somatic embryos of calli were selected for plant regeneration

and transferred to a full-strength medium of MS supplement with
1 mg KIN L-1. Illumination (2,000 mmol s�1 m�2 of light fluorescent
tubes) was applied at 20 �C for 16 h daily to incubate calli for four
weeks. The numbers of calli with the green shoot (shoot formation)
were recorded.
2.2.8. Root formation
Shoot plantlets were grown until reaching 5 cm in height. They

were then transferred to half-strength MS medium with another
supplement plus 0.2 mg NAA L-1. They were then subjected to illu-
mination (2,000 mmol s�1 m�2 of light fluorescent tubes) that was
applied at 20 �C for 16 h daily for incubation to record the numbers
of days to indicate the root. After four weeks, the number of roots
was recorded.
2.3. Molecular examination

With applying the analysis of Random Amplified Polymorphic
DNA (RAPD-PCR), five oligonucleotide primers (Table S2) were
selected from Operon Kit (Operon Technologies Inc., Alabameda
CA).
2.3.1. Total genomic DNA extraction
For each sample, genomic-DNA from sugarcane leaves were

extracted through a DNA isolation kit (Gene JETTM, plant genomic
DNA purification mini kit. Fermentas). To purify DNA from
polyphenol, Lysis Buffer was supplemented with polyvinyl pyrroli-
done (PVP) at 2% (W/V) final concentration. DNA was quantified by
Gene quant at 260/280 nm.
2.3.2. Analysis with RAPD- PCR
Quality was further checked on 0.1% agarose gel. RAPD-PCR

analysis was implemented applying the Williams et al. (1990)
method.
2.3.3. Data analysis
Phoretix electrophoresis gel image analysis, ID software was

used for scanogram tracing of DNA bands of tissues. Data matrices
were submitted into the NTSYS program, version 2.1, Applied Bio-
statistics Inc. UK (Rohlf, 2000). Similarity coefficients were applied
to generate dendrograms applying UPGMA software.
2.4. Statistical analysis

The data generated in this study were tested applying four-way
ANOVA for randomized complete design and error variance homo-
geneity throughout the procedure applying COSTAT software (CoS-
tat Version 6.303, Berkeley, CA, USA). For each treatment, analysis
of combined data was implemented with LSD at p � 0.05 applying
Duncan’s Multiple Range Test.
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3. Results

3.1. Callus induction in sugarcane

The resulting data indicate a variable level of callus proliferation
of 70–86%. Analysis of variance indicates a highly significant differ-
ence between the three genotypes concerning the percentage of
callus induction. The highest frequency was recorded to GT 54-9
compared to the other two genotypes in respect, as shown in
Table 1 and Fig. 1. Although the two GT 54-9 and G 84–47 geno-
types had the same day to 280 callus initiation in an average of
10 days, the pH 8013 was the highest compared with the others.
While the highest day to callus, initiation was 14 days for pH
8013 and showed the second value in callus induction (Table 3,
Fig. 1).

The results show an intermediary type possessing non-
embryogenic tissue covered by embryogenic tissue. To determine
the percentage of the embryonic calli, the intermediary type was
classified as embryogenic due to the rapid development of the
embryogenic tissue in further subcultures comparing with the
non-embryogenic tissue. The results in Table 1 and Fig. 1 show
the high embryogenic callus percentages � 80%. While no signifi-
cant difference was observed between GT 54-9 and G 84–47, which
gave the best response related to the other genotype.
3.2. In vitro drought tolerance

The results show that the maximum RGR was obtained for GT
54-9, while the lowest value was recorded for pH 8013. The results
show, on the other side, that control callus gained the highest RGR
for GT 54-9 followed by mannitol-treated callus (Table 2). Among
the treated samples, callus treated with 100 mM mannitol showed
the highest RGR for GT 54-9, while with 300 mM callus recorded
the lowest RGR pH 8013. The results indicated that by increasing
the mannitol concentration the RGR of callus decreased. Data in
Table 2 show a significant effect between three genotypes and
treatments. Comparison between means of genotypes, as shown
in Fig. 1, indicate that genotypes differ significantly in callus
RGR. Genotype GT 54-9 recorded the highest RGR after all treat-
ments. While pH 8013 recorded the lowest value after all
treatment.

The obtained results clearly show that by increasing the manni-
tol concentration, the callus RGR was decreased (Fig. 1). The results
show that the highest water content (WC, %) was observed in GT
54-9, while the lowest was observed in pH 8013 (Table 2). On
the other hand, under 100 mM mannitol, ph 8013 represented
the lowest value of WC (%). Using more than 100 mM mannitol,
all genotypes showed decreases in WC (%) (Fig. 1).
3.3. K+ and Na+ ion contents

Analysis of variance displayed in Table 3 shows a highly signif-
icant difference among the three genotypes for Na+ and K+ ion con-
tents. The highest Na+ value was recorded for G 84-47, while pH
8013 recorded the lowest value. However, the highest K+ value
was obtained with pH 8013 and the lowest value was for GT 54-
9. The present experiment proved an inverse relationship between
mannitol concentration and Na+ and K+ contents. The results show
that an increase in mannitol concentrations was accompanied by
an increase in the Na+ content, while a parallel decrease in the K+

content was detected (Table 4). The results show also that there
was no significant variation between the GT 54-9 and G 84-47
for Na+ content under 300 mM of mannitol. While there is a highly
significant variation in genotype pH 8013. The same trend was



Table 1
Callus induction percentage and day to callus initiation of three sugarcane genotypes.

Genotypes Days to callus initiation Callus induction (%) Embryogenic callus (%) Relative growth rate (RGR) Water content (WC, %)

GT 54-9 10.0*a ± 1.22 86.0c ± 3.16 80.0b ± 3.16 2.22a ± 0.15 77.952a ± 2.36
G 84-47 10.0a ± 1.58 70.0a ± 1.87 78.8b ± 2.17 1.57b ± 0.13 77.38a ± 2.57
ph 8013 14.0b ± 2.00 80.0b ± 2.00 70.2a ± 0.84 0.73c ± 0.20 76.12b ± 3.38
LSD0.05 2.3816 3.8815 3.67 0.0167 1.0306

*Means (±SE) within columns followed by the same letter are not significantly different from each other, LSD test.

Table 2
Means of calli relative growth rate (RGR) and water content (WC, %) derived from leaf
explants of sugarcane after treatment with different concentrations of mannitol.

Variety Mannitol (mM( RGR % WC

GT 54-9 Control 2.83*a ± 0.011 92.5a ± 0.57
100 2.56b ± 0.022 84.3c ± 0.13
200 2.49c ± 0.014 71.6d ± 0.70
300 1.01 g ± 0.005 63.4f ± 0.90

G 84-47 Control 2.49c ± 0.011 92.5a ± 0.72
100 1.75e ± 0.007 85.8c ± 1.14
200 1.11f ± 0.004 68.3e ± 0.68
300 0.93 h ± 0.011 63.0f ± 1.35

ph 8013 Control 2.39d ± 0.014 93.1a ± 0.39
100 0.24i ± 0.007 90.2b ± 0.63
200 0.19j ± 0.015 66.7e ± 0.57
300 0.09 k ± 0.002 54.5 g ± 0.80

LSD0.05 0.033 2.06

*Means (±SE) within columns followed by the same letter are not significantly
different from each other, LSD test.

Table 3
The contents of K+ and Na+ ions in the three sugarcane genotypes.

Genotypes Characters

Na+ mg g�1 (FW) K+ mg g�1 (FW)

GT 54-9 0.81*b ± 0.05 1.39c ± 0.03
G 84-47 0.89a ± 0.03 1.55b ± 0.07
ph 8013 0.74c ± 0.05 1.81a ± 0.09
LSD0.05 0.03 0.05

* Means (±SE) within columns followed by the same letter are not significantly
different from each other, LSD test.

N.R. Abdelsalam, W.E. Grad, Nabawya S.A. Ghura et al. Saudi Journal of Biological Sciences 28 (2021) 7432–7442
detected among the three genotypes for K+ content under 300 mM
mannitol.
3.4. The content of proline

The proline content was increased with the increase in the con-
centration of mannitol in the three genotypes (Table 4, Fig. 2). Our
Table 4
The contents of K+ and Na+ ions in sugarcane calli after treatment with different concentr

Genotypes Mannitol (mM) K+ (mg g�1 FW)

GT 54-9 Control 1.61*d ± 0.02
100 1.41 fg ± 0.03
200 1.37 g ± 0.02
300 1.19 h ± 0.01

G 84-47 Control 2.07b ± 0.05
100 1.47ef ± 0.04
200 1.43 fg ± 0.05
300 1.21 h ± 0.02

ph 8013 Control 2.57a ± 0.02
100 1.75c ± 0.05
200 1.57de ± 0.04
300 1.34 g ± 0.04

LSD0.05 0.10

*Means (±SE) within columns followed by the same letter are not significantly different
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results also show that the increase or decrease in the proline con-
tent was due to the change in mannitol concentration.
3.5. The effect of drought on morphological characters in regeneration

3.5.1. Shoot and root formation
The results in Table 5 indicate no significant differences

between GT 54-9 and G 84-47 for the shoot, while pH 8013 had
the lowest value (Figs. 3 and 4). However, the pH 8013 genotype
showed the largest number of days of root formation comparing
with the other two genotypes. The highest number of roots was
recorded in GT 54-9 followed by G 84-47 and then pH 8013. Anal-
ysis of variance indicates the highest value for shoot formation in
GT 54-9 comparing with the other two genotypes, and pH 8013
showed the lowest drought tolerance under different concentra-
tions of mannitol. Analysis of variance indicates the largest number
of days for root formation in pH 8013 comparing with the other
two genotypes (GT 54-9 and G 84-47) for control, 100, 200, and
300 mMmannitol. The results in Tables 6 indicate the lowest num-
ber of days root formation in GT 54-9 under different concentra-
tions of mannitol. Analysis of variance indicates the highest
number of root formation in GT 54-9 comparing with the other
two genotypes under different concentrations of mannitol.
3.5.2. The RAPD analysis
The RAPD analysis was employed to investigate genetic diver-

sity among the three sugarcane genotypes evaluated under three
different mannitol concentrations (100, 200, and 300 mM) using
five primers (Fig. 5, Tables 7 and S3). The used primers presented
polymorphism ranged from 57 to 94% and gave fragments ranged
from 7 to 17%. The OPD-03 primer amplified the maximal polymor-
phic bands (17), resulting in a 100% polymorphism with a size
ranging from 126 to 1619 bp (Fig. 5, Table 7). However, the mini-
mal polymorphic bands (7) were amplified by the OPO-02 primer,
resulting in a 57% polymorphism with a size ranging from 156 to
787 bp.

In the current study, five oligonucleotide primers (100%) used in
the RAPD analysis gave unique markers. Out of the five primers,
ations of mannitol.

Na+ (mg g�1 FW) Proline (lg g�1 FW) mean ± standard Error (Y)

0.56e ± 0.02 153.3 ± 0.88
0.58e ± 0.01 383.3 ± 1.21
0.99b ± 0.01 723.3 ± 3.18
1.09a ± 0.03 1120.0 ± 1.73
0.69d ± 0.04 110.0 ± 0.58
0.83c ± 0.01 363.3 ± 0.67
0.99b ± 0.01 656.7 ± 2.33
1.07a ± 0.03 1043.3 ± 3.18
0.41f ± 0.01 113.3 ± 0.88
0.56e ± 0.02 246.7 ± 1.45
0.99b ± 0.01 603.3 ± 2.73
0.99b ± 0.01 860.0 ± 3.00
0.05

from each other, LSD test.



Fig. 2. Regression between mannitol concentrations (X-factor) and the proline (Y-
factor) in sugarcane callus.

Table 5
Number of shoots and roots, and number of days for root formation in the three tested
genotypes.

Genotypes Characters

Number of
shoots

Number of days for root
formation

Number of
roots

GT 54-9 6.33*a ± 0.55 7.58c ± 0.51 11.75a ± 0.51
G 84-48 6.25a ± 0.49 9.25b ± 0.49 10.33b ± 0.45
ph 8013 4.67b ± 0.59 11.25a ± 0.46 9.58c ± 0.41
LSD0.05 0.46 1.29 1.18

*Means (±SE) within columns followed by the same letter are not significantly
different from each other, LSD test.

Fig. 3. The effect of different concentrations of mannitol on percentage of callus water co
54-9 obtained from tolerant callus under different mannitol concentrations, and (9–12)
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five were detected for GT 54-9 and 8 for G 84-47. Data in Table 7
showed the similarity matrix of five RABD-PCR markers. The three
sugarcane genotypes were divided by clustering analysis into two
prime groups at 59% similarity. The first group included the geno-
type G84-47 with three concentrations (100, 200, and 300 mM) of
mannitol with 70% similarity, along with control with 68% similar-
ity. The genotypes (ph 8013 and GT 54-9; Table S3) of the second
group were divided into two subgroups with 65% similarity. The
main consolation for this study indicates a promising drought-
tolerant Gt 54-9 genotype comparing with G 84-47 and pH 8013,
considering all morphological and molecular studies.

4. Discussion

This study aimed at evaluating some sugarcane genotypes (e.g.,
Gt 54-9, G 84-47, and pH 8013) for their capabilities to induce cal-
lus formation, the number of days for callus initiation, and embryo-
genic calli. The effect of drought stress on tolerance to water
scarcity in calli of sugarcane genotypes was examined under differ-
ent concentration (e.g., 100, 200, and 300 mM) of mannitol. This
examination was conducted by assessment of the relative growth
ntent; (1) control, (2) 100 mM, (3) 200 mM, (4) 300 mM, (5–8) Regeneration of GT
regeneration of pH 8013 under different mannitol concentrations.



Fig. 4. Difference in number of root formation for GT 54-9 (up) and G 84-47 (down) under different mannitol concentration.

Table 6
Interaction between shoot and root formation, and number day for root formation in the three tested genotypes.

genotypes Mannitol (mM) Number of shoot formation Number of days for root formation Number of root formation

GT 54-9 Control 9.33*a ± 0.42 07.3de ± 0.9 14.0a ± 1.3
100 8.00c ± 0.36 07.0e ± 1.0 12.0ab ± 0.7
200 4.67e ± 0.55 08.0cde ± 1.3 10.7cb ± 0.6
300 3.33f ± 0.42 08.0cde ± 1.1 10.3cb ± 0.8

G 84-48 Control 9.00ab ± 0.35 09.0cde ± 1.1 11.3b ± 0.9
100 7.67c ± 0.42 09.0cde ± 1.5 11.3b ± 0.8
200 5.00e ± 0.36 09.3cdeb ± 0.6 10.3cb ± 0.6
300 3.33f ± 0.21 09.7cdb ± 0.9 08.3c ± 0.9

ph 8013 Control 8.33bc ± 0.21 11.7ab ± 1.3 10.3cb ± 0.9
100 6.00d ± 0.36 10.3cab ± 0.6 09.7cb ± 0.5
200 3.33f ± 0.21 12.7a ± 0.6 10.0cb ± 0.4
300 1.00 g ± 0.36 10.3cab ± 0.9 08.3c ± 1.2

LSD0.05 0.91 2.59 2.37

*Means (±SE) within columns followed by the same letter are not significantly different from each other, LSD test.
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rate (RGR), Na+, and K+ ion accumulations, proline content, and
shoot and root formation. Identifying the genetic variation among
sugarcane genotypes was also examined via the RAPD-PCR analy-
sis. Our results confirm previous findings on sugarcane (Badawy
et al., 2008) and rice (Van Sanford et al., 2001), as they found that
callus induction capacity is genotype-dependent. Additionally,
Errabii et al. (2007) tested the sugarcane callus with MS medium
with some stress factors and reported that these stresses reduced
the RGR for all the tested genotypes. Patade et al. (2011) reported
a progressive decrease in RGR of sugarcane callus with an increase
in the level of stress. Our results confirm the findings of Patade
et al. (2011), where they indicated a sharp decrease in growth of
sugarcane callus on salt-stressed media at equal osmotic levels.
This indicates a stress sensitivity of undifferentiated tissues and
their growth. The current research was also in the line with that
of Errabii et al. (2007) who observed a decrease in the water con-
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tent and a radical effect on ion concentrations in sugarcane callus
under both mannitol and NaCl. They added that the maximum RGR
and water content are reversed under mannitol-induced osmotic
stress. This finding has also been reported with other species;
Tagetes minuta (Mohamed et al., 2000) and Populus euphratica
(Watanabe et al., 2000). Like our findings, Patade et al. (2008)
reported Na+ ion accumulation, along with K+ ion and osmolyte
(glycine betaine and proline) accumulations due to their pivotal
roles in osmotic adjustment in the stressed cells of the sugarcane
callus. However, ions tend to accumulate in excess in the cyto-
plasm as cells continue to be able to compartmentalize ions in
their vacuoles until their capacity to contain ions is completed.
This leads to acute ion imbalances and conformational alterations
in the electrical potential of the plasma membranes (Chinnusamy
et al., 2006). However, Most of the K+ ions would primarily affect
bulk solution properties (as opposed to the lmolar amounts
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required to meet tissue nutritional requirements) such as the elec-
trical charge of the system (Niedz and Evens, 2008). Besides, the
increase in K+ ion helps to remove ionic confounding in the callus
for well growth and regenration. K+ ion played an effective role in
drought tolerance through increasing its content in the callus tis-
sues as an osmoprotectant to maintain sufficient water for growth
and regeneration processes (Alzahrani et al., 2018; Rehman et al.,
2018; Obaid and Reddy, 2019; Rady et al., 2019b).

Under stress, the elevated Na+ concentration was previously
observed along with the low K+ concentration in Cynara carduncu-
lus (Benlloch-González et al., 2005). Some species can replace Na+

ions with K+ ions to positively modify the osmotic modification.
Similar results were obtained concerning proline accumulation,
which is an effective strategy for stressed plant tissues and cells
Fig. 5. The DNA polymorphism of sugarcane (Saccharum officinarum L.) treated with ma
OPH-03, OPO-01 and OPO-02 (54: GT 54-9, 80: ph 8013, 84: G 84-47, M: marker, C: cont
genotypes using five random amplified (RAPD) primers.

Table 7
The DNA polymorphism using randomly amplified polymorphic DNA with primers OPD-0

Parameters and primers name Primer Polymorphism

OPD-02 OPD-03

Monomorphic fragments 1 0
Polymorphic (without Unique) 14 11
Unique fragments 2 6
Polymorphic (with Unique) 16 17
Total number of loci 17 17
Polymorphism (%) 94% 100%
Mean of fragments frequency 0.377 0.323
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(Errabii et al., 2007). Balibrea et al. (1999) also obtained variation
in proline content associated with plant tolerance and ability to
adapt to saline conditions. Besides, the high accumulation of pro-
line is often associated with sugarcane, which is more salt-
tolerant than unselected (Gandonou et al., 2005; Elrys et al.,
2018; Sitohy et al., 2020). The trend of our results confirms the
findings of Cano et al. (1996) who reported high proline accumula-
tion in stress-resistant genotypes as compared to stress-sensitive
ones. Besides, proline has been widely adopted as a marker for
stress resistance (Alvarez et al., 2003). Additionally, proline can
be employed as an organic N reserve, which is ready to use after
attenuating the stress to keep the synthesis of both protein and
amino acids (Sairam and Tyagi, 2004; Mahajan and Tuteja, 2005;
Ashraf, 2010; Elrys et al., 2019). In general, an increase in the con-
nnitol using randomly amplified polymorphic DNA with primers OPD-02, OPD-03,
rol, I: 100 mM, II: 200 mM, and III: 300 mM mannitol) and dendrogram of the three

2, OPD-03, OPH-03, OPO-01, and OP0-02 under different mannitol concentrations.

OPH-03 OPO-01 OPO-02

1 2 3
7 5 3
4 2 1
11 7 4
12 9 7
92% 78% 57%
0.417 0.509 0.726



N.R. Abdelsalam, W.E. Grad, Nabawya S.A. Ghura et al. Saudi Journal of Biological Sciences 28 (2021) 7432–7442
centration of mannitol as iso-osmotic stress in sugarcane leads to
an increased accumulation of proline. In another study, María
et al. (1997) reported that somatic embryogenesis is renowned
as a crucial pathway for plant regeneration and a model system
helpful for investigating the events of molecular biology, biochem-
istry, and morphology that all occur during early plant
development.

Our results confirm the findings of Watt et al. (2009), who stud-
ied in vitro sugarcane regeneration and reported various outcomes
of the genetic stability of in vitro-derived plantlets. The variation
ranged from little or no evidence of somaclonal variation to high
levels regardless of the morphogenesis path. Moreover, when phe-
notypic differences are discovered, they are in transit as the vari-
ants are due to the original parent phenotype in the first ratoon
crop. Our results also confirm the findings of Singh (2003), who
stated that after induction of somatic embryos, calli were subcul-
tured on a medium for plant regeneration. The results indicate
the maximum plant regeneration in control cultures to regenerate
the plant for each genotype. The author also mentioned that the
efficiency of plant regeneration decreases under the increased
stress of NaCl. He also mentioned that no regeneration is observed
on MS4c and MS4b cultures of the Thatta-10 and SPHS-19 geno-
types, while the CPF-237 sugarcane genotype regenerated
2.21 ± 0.17 plantlets per callus. The same trend was noticed by
Rao and Ftz (2013), who developed an in vitro selection system
for drought-tolerant callus in sugarcane lines. The number of
shoots per callus was higher (98 ± 0.15) in the non-selected callus
comparing with the selected callus (36 ± 0.18), and the plantlets
generated from the selected callus displayed 86% rooting (10–12
roots per plantlet) within 10 days of transferring (Rao and Ftz,
2013, Elrys et al., 2020). In another study, Koch et al. (2012)
reported a considerable decrease in sugarcane plantlet production
associated with untreated samples. An elevated proline level due
to drought stress indicates that the species will tolerate the stress.
Thus, an increased proline level in GT 54-9 indicates that it is more
tolerant to drought stress than pH 8013, which resulted in a low-
ered proline level. The disturbance in plant metabolism resulting
from abiotic treatments generally affects the different metabolic
pools of stressed plants (Abdel Latef et al., 2021a, b). These differ-
ences in the contents of the metabolites under drought stress may
indicate improvement or delay in metabolite synthesis and accu-
mulations. Since it is often accumulated in stressed cells compared
to other amino acids, proline is always related to the form of stress
experienced by plant cells, and proline levels differ depending on
the degree of stress.

The present work used a review (Koebner and Summers, 2003),
in which it has been stated that genetic differences between indi-
vidual species or organisms are represented by genetic markers.
Usually, all genetic markers occupy specific genomic positions
within chromosomes. Using DNA markers can help breeders
improve the quickness and accuracy of the process. Genetic label-
ing and DNA fingerprinting are particularly suitable for building a
hierarchy of wanted characteristics. Ten elite sugarcane clones
were tested for genetic diversity utilizing RAPD analysis. The activ-
ity of sucrose synthase was assayed via TRAP and tolerance to
drought was assessed using STS techniques/field experiment. The
RAPD examination displayed that genetically most similar geno-
types were Thatta-10 and AEC82-223 (80.4%) and the most dissim-
ilar genotypes were AEC71- 2011 and NIA-2004 (49.8%). Based on
the dendrogram, the varieties could be divided into four clusters (A
to D). The AEC 82-223 variety generated a specific allele of 311 bp
with the B-02 primer.

Finally, it has been mentioned that RAPD results in amplifica-
tion of few random segments of DNA, allowing for variation in
length and number of amplified segments when the sequence of
the segments is altered (Shinohara et al., 1997; Desoky et al.,
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2019). RAPDs have been used widely for the analysis of genetic
variation. The results obtained by Ngezahayo et al. (2007) and
Cuesta et al. (2010) recommend the use of RAPDs for the analysis
of somaclonal variation.

5. Conclusions

A high degree of callus proliferation was obtained and ranged
from 70 to 86% and the highest frequency was recorded for the
GT 54-9 genotype comparing with the other genotypes (G 84-47
and pH 8013). Besides, the highest percentage of embryogenic cal-
lus was 80%. The results showed a maximum RGR value for the GT
54-9 genotype, while the analysis of variance showed a highly sig-
nificant difference among the three genotypes for Na+ and K+ ion
accumulations. As the concentration of mannitol increased, the
proline content increased. Analysis of variance indicated the high-
est values for shoot formation in the GT 54-9 genotype compared
with the G 84-47 and pH 8013 genotypes. The main result of this
study was that the GT-54-9 genotype is considered the most
promising genotype, which showed more tolerance to drought
stress based on all the studied traits. Besides, the five oligonu-
cleotide primers (100%) used in the RAPD analysis gave unique
markers. Out of the five primers, five were detected for the GT
54-9 genotype and eight for the G 84-47 genotype. The results
showed the similarity matrix of five RABD-PCR markers. Cluster
analysis divided the three sugarcane genotypes into two main
groups in 59% similarity.

6. Ethical disclosures**a

The authors announce that no experiments were performed on
animals and no data were collected from patient in this research.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgments

The authors are thankful to the Taif University Researchers Sup-
porting Project number (TURSP-2020/199), Taif University, Taif,
Saudi Arabia for providing the financial support and research
facilities.

The authors are also grateful to the Faculty of Agriculture Saba
Basha, Alexandria University.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.sjbs.2021.08.047.

References

Abd El-Mageed, T.A., Semida, W.M., Mohamed, G.F., Rady, M.M., 2016. Combined
effect of foliar-applied salicylic acid and deficit irrigation on physiological–
anatomical responses, and yield of squash plants under saline soil. South Afr. J.
Bot. 106, 8–16.

Abd El-Mageed, T.A., Semida, W.M., Rady, M.M., 2017. Moringa leaf extract as
biostimulant improves water use efficiency, physio-biochemical attributes of
squash plants under deficit irrigation. Agric. Water Manag. 193, 46–54.

Abdel Latef, A.A., Hasanuzzaman, M.d., Arif, M.-U., 2021a. Mitigation of salinity
stress by exogenous application of cytokinin in faba bean (Vicia faba L.). Notulae
Botanicae Horti Agrobotanici Cluj-Napoca 49 (1), 12192.

Abdel Latef, A.A.H., Akter, A., Tahjib-Ul-Arif, M., 2021b. Foliar Application of auxin or
cytokinin can confer salinity stress tolerance in Vicia faba L. Agronomy 11 (4),
790.

https://doi.org/10.1016/j.sjbs.2021.08.047
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0005
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0005
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0005
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0005
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0010
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0010
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0010
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0015
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0015
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0015
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0020
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0020
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0020


N.R. Abdelsalam, W.E. Grad, Nabawya S.A. Ghura et al. Saudi Journal of Biological Sciences 28 (2021) 7432–7442
Abdelsalam, N.R., Salem, M.Z.M., Ali, H.M., Mackled, M.I., EL-Hefny, M., Elshikh, M.S.,
Hatamleh, A.A., 2019. Morphological, biochemical, molecular, and oil toxicity
properties of Taxodium trees from different locations. Ind. Crops Prod. 139,
111515. https://doi.org/10.1016/j.indcrop.2019.111515.

Aguilar-Rivera, N., 2019. A framework for the analysis of socioeconomic and
geographic sugarcane agro industry sustainability. Socio-Econ. Plan. Sci. 66,
149–160.

Ahloowalia, B., Maretzki, A., 1983. Plant regeneration via somatic embryogenesis in
sugarcane. Plant Cell Rep. 2, 21–25.

Al-Elwany, O.A., Mohamed, G.F., Abdehrahman, H.A., Rady, M.M., Abdel Latef, A.H.,
2020. Exogenous glutathione-mediated tolerance to deficit irrigation stress in
salt-affected Capsicum frutescence (L.) plants is connected with higher
antioxidant content and proper ion homeostasis. Not. Bot. Horti Agrobot.
Cluj-Napoca. 48 (4), 1957–1979.

Alharby, H.F., Alzahrani, Y., Rady, M.M., 2020. Seeds pretreatment with zeatins or
maize grain-derived organic biostimulant improved hormonal contents,
polyamine gene expression, and salinity and drought tolerance of wheat. Int.
J. Agric. Biol. 24 (4), 714–724.

Alvarez, I., Tomaro, M.L., Benavides, M.P., 2003. Changes in polyamines, proline and
ethylene in sunflower calluses treated with NaCl. Plant Cell Tissue Organ Cult.
74, 51–59.

Alzahrani, Y., Kus�vuran, A., Alharby, H.F., Kus�vuran, S., Rady, M.M., 2018. The
defensive role of silicon in wheat against stress conditions induced by drought,
salinity or cadmium. Ecotoxicology and Environmental Safety 154, 187–196.

Ammirato, P., 1983. Embryogenesis. Handbook of Plant Cell. Culture 1, 82–113.
Arif, S., Batool, A., Nazir, W., Kha, R.S., Khalid, N., 2019. Physiochemical

characteristics nutritional properties and health benefits of sugarcane juice.
Non-Alcoholic Beverages 6, 227–257.

Arruda, P., 2011. Perspective of the sugarcane industry in Brazil. Trop. Plant Biol. 4
(1), 3–8.

Ashraf, M., 2010. Inducing drought tolerance in plants: recent advances. Biotechnol.
Adv. 28 (1), 169–183.

Babu, K.N., Rajesh, M.K., Samsudeen, K., Minoo, D., Suraby, E.J., Anupama, K., Ritto,
P., 2014. Randomly amplified polymorphic DNA (RAPD) and derived techniques.
Mol. Plant Taxon. 1115, 191–209.

Badawy, O.M., Nasr, M.I., Alhendawi, R.A., 2008. Response of sugarcane (Saccharum
species hybrid) genotypes to embryogenic callus induction and in vitro salt
stress. Sugar Tech 10 (3), 243–247.

Balibrea, E.M., Parra, M., Bolarín, M.C., Pérez-Alfocea, F., 1999. PEG-osmotic
treatment in tomato seedlings induces salt-adaptation in adult plants. Funct.
Plant Biol. 26 (8), 781–786.

Bates, L.S., Waldren, R.P., Teare, I.D., 1973. Rapid determination of free proline for
water-stress studies. Plant Soil 39 (1), 205–207.

Benlloch-González, M., Fournier, J.M., Ramos, J., Benlloch, M., 2005. Strategies
underlying salt tolerance in halophytes are present in Cynara cardunculus. Plant
Sci. 168 (3), 653–659.

Cano, E.A., Pérez-Alfocea, F., Moreno, V., Bolarin, M.C., 1996. Responses to NaCl
stress of cultivated and wild tomato species and their hybrids in callus cultures.
Plant Cell Rep. 15 (10), 791–794.

Chinnusamy, V., Zhu, J., Zhu, J.-K., 2006. In: Genetic Engineering: Principles and
MethodsGenetic Engineering. Kluwer Academic Publishers, Boston, pp. 141–
177.

Cuesta, C., Ordás, R.J., Rodríguez, A., Fernández, B., 2010. PCR-based molecular
markers for assessment of somaclonal variation in Pinus pinea clones
micropropagated in vitro. Biol. Plant. 54 (3), 435–442.

Desoky, E.M., Mansour, E.-S., Yasin, M.A.T., El-Sobky, E.E.A., Rady, M.M., 2020a.
Improvement of drought tolerance in five different cultivars of Vicia faba with
foliar application of ascorbic acid or silicon. Spanish J. Agric. Res. 18, (2). https://
doi.org/10.5424/sjar/2020182-16122 e0802.

Desoky, E.-S., EL-Maghraby, L.M.M., Awad, A.E., Abdo, A.I., Rady, M.M., Semida, W.
M., 2020b. Fennel and ammi seed extracts modulate antioxidant defence
system and alleviate salinity stress in cowpea (Vigna unguiculata). Scientia
Horticulturae 272, 109576. https://doi.org/10.1016/j.scienta.2020.109576.

Desoky, E.S., Mansour, E., Ali, M.M.A., Yasin, M.A.T., Abdul-Hamid, M.I.E., Rady, M.M.,
Ali, E.F., 2021. Exogenously used 24-epibrassinolide promotes drought
tolerance in maize hybrids by improving plant and water productivity in an
arid environment. Plants 10 (2), 354.

Desoky, E.-S., ElSayed, A.I., Merwad, A.-R., Rady, M.M., 2019. Stimulating antioxidant
defenses, antioxidant gene expression, and salt tolerance in Pisum sativum
seedling by pretreatment using licorice root extract (LRE) as an organic
biostimulant. Plant Physiol. Biochem. 142, 292–302.

Elrys, A.S., Abdo, A.I.E., Desoky, E.-S., 2018. Potato tubers contamination with nitrate
under the influence of nitrogen fertilizers and spray with molybdenum and
salicylic acid. Environmental Science and Pollution Research. 25 (7), 7076–
7089.

Elrys, A.S., Desoky, E.M., Abo El-Maati, M.F., Elnahal, A.S., Abdo, A.I., Raza, S., Zhou, J.,
2019. Can secondary metabolites extracted from 1 Moringa seeds suppress
ammonia oxidizers to increase nitrogen use efficiency and reduce nitrate
contamination in potato tubers? Ecotoxicology and Environmental Safety 185,
109689.

Elrys, A.S., Abdo, A.I.E., Abdel-Hamed, E.M.W., Desoky, E.-S., 2020. Integrative
application of licorice root extract or lipoic acid with fulvic acid improves wheat
production and defenses under salt stress conditions. Ecotoxicology and
Environmental Safety 190, 110144. https://doi.org/10.1016/j.
ecoenv.2019.110144.
7441
Errabii, T., Gandonou, C.B., Essalmani, H., Abrini, J., Idaomar, M., Skali Senhaji, N.,
2007. Effects of NaCl and mannitol induced stress on sugarcane (Saccharum sp.)
callus cultures. Acta Physiol. Plant. 29 (2), 95–102.

Evans, D.A., WR, S., CE, F., 1981. Growth and behavior of cell cultures:
embryogenesis and organogenesis. Nature 292, 154–156.

FAOSTAT, 2019. Statistics Division (Rome: Food and Agriculture Organization of the
United Nations). www.fao.org/faostat/en/#data.

Gandonou, C., Errabii, T., Abrini, J., Idaomar, M., Chibi, F., Senhaji, S., 2005. Effect of
genotype on callus induction and plant regeneration from leaf explants of
sugarcane (Saccharum sp.). African. J. Biotechnol. 4 (11), 1250–1255.

Garcia, A.A.F., Benchimol, L.L., Barbosa, A.M.M., Geraldi, I.O., Souza, C.L., Souza, A.P.
D., 2004. Comparison of RAPD, RFLP, AFLP and SSR markers for diversity studies
in tropical maize inbred lines. Genet. Mol. Biol. 27, 579–588.

Jones, N., Ougham, H., Thomas, H., 1997. Markers and mapping: we are all
geneticists now. New Phytol. 137 (1), 165–177.

Karpe, A., Nikam, A.A., Chimote, K.P., Kalwade, S.B., Kawar, P.G., Babu, H.,
Devarumath, R.M., Suprasanna, P., 2012. Differential responses to salinity
stress of two varieties (CoC 671 and Co 86032) of sugarcane (Saccharum
Officinarum L.). African J. Biotechnol. 11, 9028–9035.

Kaur, M., 2014. Irradiation induced mutagenesis in sugarcane. Punjab Agricultural
University Ludhiana. http://krishikoshegranth.ac.in/handle/1/96634.

Khattab, Sadat M.R., Watanabe, Takashi, 2019. In: Bioethanol Production from Food
Crops. Elsevier, pp. 187–212. https://doi.org/10.1016/B978-0-12-813766-
6.00010-2.

Koch, Aimée C., Ramgareeb, Sumita, Rutherford, R. Stuart, Snyman, Sandra J., Watt,
M. Paula, 2012. An in vitro mutagenesis protocol for the production of
sugarcane tolerant to the herbicide imazapyr. Vitro Cell. Dev. Biol. – Plant. 48
(4), 417–427.

Koebner, Robert M.D., Summers, Richard W., 2003. 21st century wheat breeding:
plot selection or plate detection? Trends Biotechnol. 21 (2), 59–63.

Leal, M., 2007. The potential of sugarcane as an energy source. Proceedings
of Proceedings of the International Society of Sugar Cane Technologists 26,
23–34.

Lerner, H., 1985. Adaptation to salinity at the plant cell level. Plant Soil 89, 3–14.
Lushchak, Volodymyr I., 2011. Adaptive response to oxidative stress: Bacteria, fungi,

plants and animals. CBPC. 153 (2), 175–190.
Lutts, Stanley, Almansouri, Malika, Kinet, Jean-Marie, 2004. Salinity and water

stress have contrasting effects on the relationship between growth and cell
viability during and after stress exposure in durum wheat callus. Plant Sci. 167
(1), 9–18.

Lutts, S., Kinet, J.M., Bouharmont, J., 1996. Effects of salt stress on growth, mineral
nutrition and proline accumulation in relation to osmotic adjustment in rice
(Oryza sativa L.) cultivars differing in salinity resistance. Plant Growth Regul. 19,
207–218.

Mackill, D.J., Nguyen, H.T., Zhang, J., 1999. Use of molecular markers in plant
improvement programs for rainfed lowland rice. Field Crops Res. 64, 177–185.

Mahajan, S., Tuteja, N., 2005. Cold, salinity and drought stresses: an overview. Arch.
Biochem. Biophys. 444, 139–158.

María, A., Nieves, N., Sánchez, M., Borroto, C.G., Castillo, R., González, J.L., Escalona,
M., Báez, E., Hernández, Z., 1997. Protein changes associated with plant
regeneration in embryogenic calli of sugarcane (Saccharum sp.). Plant Cell
Tissue Organ Cult. 51, 153–158.

Merwad, A.M.A., Desoky, E.M., Rady, M.M., 2018. Response of water deficit-stressed
Vigna unguiculata performances to silicon, proline or methionine foliar
application. Sci. Hortic. 228, 132–144.

Ming, R., Moore, P.H., Wu, K.K., Hont, D., Glaszmann, A., Tew, J.C., Mirkov, T.L., Da
Silva, J., Jifon, J., Rai, M., 2006. Sugarcane improvement through breeding and
biotechnology. Plant Breed. Rev. 27, 15. https://doi.org/10.1002/
9780470650349.ch2.

Mohamed, M.A.H., Harris, P.J.C., Henderson, J., 2000. In vitro selection and
characterisation of a drought tolerant clone of Tagetes minuta. Plant Sci. 159,
213–222.

Mohashweta, R., Hossain, M., Biswas, A., Biswas, M.K., Islam, R., 2011. Plant
regeneration through somatic embryogenesis from leaf sheath derived callus of
sugarcane (Saccharum officinarum L.) var. Isd -16. J. Plant Tissue Cult Biotechnol.
PTC&B) 21, 143–149.

Ngezahayo, F., Dong, Y., Liu, B., 2007. Somaclonal variation at the nucleotide
sequence level in rice (Oryza sativa L.) as revealed by RAPD and ISSR markers,
and by pairwise sequence analysis. J. Appl. Genet. 48, 329–336.

Niedz, R.P., Evens, T.J., 2008. The effects of nitrogen and potassium nutrition on the
growth of nonembryogenic and embryogenic tissue of sweet orange (Citrus
sinensis (L.) Osbeck). BMC Plant Biology 8, 126.

Obaid, O.H., Reddy, S.K., 2019. In vitro Selection of Drought Stress Tolerance
in Rice (Oryza sativa L.) var. Jarava. Plant Tissue Cult. & Biotech. 29 (1),
127–131.

Patade, V.Y., Suprasanna, P., Bapat, V.A., 2008. Effects of salt stress in relation to
osmotic adjustment on sugarcane (Saccharum officinarum L.) callus cultures.
Plant Growth Regul. 55, 169–173.

Patade, V.Y., Bhargava, S., Suprasanna, P., 2011. Salt and drought tolerance of
sugarcane under iso-osmotic salt and water stress: growth, osmolytes
accumulation, and antioxidant defense. J. Plant Interact. 6, 275–282.

Rady, M.M., Belal, H.E.E., Gadallah, F.M., Semida, W.M., 2020. Selenium application
in two methods elevates drought tolerance in Solanum lycopersicum by
increasing yield, quality, and antioxidant defense system and suppressing
oxidative stress biomarkers. Sci. Hortic. 266, 109290.

https://doi.org/10.1016/j.indcrop.2019.111515
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0030
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0030
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0030
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0035
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0035
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0040
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0040
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0040
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0040
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0040
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0045
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0045
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0045
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0045
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0050
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0050
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0050
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0060
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0065
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0065
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0065
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0070
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0070
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0075
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0075
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0080
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0080
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0080
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0085
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0085
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0085
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0090
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0090
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0090
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0095
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0095
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0100
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0100
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0100
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0105
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0105
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0105
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0110
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0110
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0110
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0115
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0115
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0115
https://doi.org/10.5424/sjar/2020182-16122
https://doi.org/10.5424/sjar/2020182-16122
https://doi.org/10.1016/j.scienta.2020.109576
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0130
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0130
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0130
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0130
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0135
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0135
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0135
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0135
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0140
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0140
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0140
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0140
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0145
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0145
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0145
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0145
https://doi.org/10.1016/j.ecoenv.2019.110144
https://doi.org/10.1016/j.ecoenv.2019.110144
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0155
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0155
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0155
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0170
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0170
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0170
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0175
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0175
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0175
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0180
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0180
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0185
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0185
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0185
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0185
http://krishikosh.egranth.ac.in/handle/1/96634
https://doi.org/10.1016/B978-0-12-813766-6.00010-2
https://doi.org/10.1016/B978-0-12-813766-6.00010-2
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0200
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0200
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0200
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0200
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0205
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0205
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0210
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0210
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0210
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0215
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0220
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0220
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0225
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0225
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0225
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0225
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0230
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0230
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0230
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0230
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0235
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0235
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0240
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0240
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0245
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0245
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0245
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0245
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0250
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0250
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0250
https://doi.org/10.1002/9780470650349.ch2
https://doi.org/10.1002/9780470650349.ch2
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0260
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0260
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0260
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0265
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0265
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0265
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0265
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0270
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0270
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0270
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0275
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0275
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0275
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0280
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0280
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0280
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0285
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0285
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0285
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0290
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0290
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0290
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0295
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0295
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0295
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0295


N.R. Abdelsalam, W.E. Grad, Nabawya S.A. Ghura et al. Saudi Journal of Biological Sciences 28 (2021) 7432–7442
Rady, M.M., Boriek, S.H.K., Abd El-Mageed, T.A., Seif El-Yazal, M.A., Ali, E.F., Hassan,
F.A.S., Abdelkhalik, A., 2021. Exogenous Gibberellic Acid or Dilute Bee Honey
Boosts Drought Stress Tolerance in Vicia faba by Rebalancing Osmoprotectants,
Antioxidants, Nutrients, and Phytohormones. Plants 10 (4), 748.

Rady, M.M., Elrys, A.S., Abo El-Maati, M.F., Desoky, E.M., 2019a. Interplaying roles of
silicon and proline effectively improve salt and cadmium stress tolerance in
Phaseolus vulgaris plant. Plant Physiology and Biochemistry 139, 558–568.

Rady, M.M., Talaat, N.B., Abdelhamid, M.T.A., Shawky, B.T., Desoky, E.M., 2019b.
Maize (Zea mays L.) grains extract mitigates the deleterious effects of salt stress
on common bean (Phaseolus vulgaris L.) growth and physiology. J. Hortic. Sci.
Biotechnol. 94 (6), 777–789.

Rai, M.K., Kalia, R.K., Singh, R., Gangola, M.P., Dhawan, A., 2011. Developing stress
tolerant plants through in vitro selection—an overview of the recent progress.
Environ. Exp. Bot. 71, 89–98.

Rao, S., Ftz, J., 2013. In vitro selection and characterization of polyethylene glycol
(PEG) tolerant callus lines and regeneration of plantlets from the selected callus
lines in sugarcane (Saccharum officinarum L.). Physiol. Mol. Biol. Plants 19 (2),
261–268.

Rehman, H., Alharby, H.F., Alzahrani, Y., Rady, M.M., 2018. Magnesium and organic
biostimulant integrative application induces physiological and biochemical
changes in sunflower plants and its harvested progeny on sandy soil. Plant
Physiology and Biochemistry 126, 97–105.

Rohlf, F.J., 2000. On the use of shape spaces to compare morphometric methods.
Hystrix, the Italian Journal of Mammalogy 11 (1), 9–25.

Sairam, R., Tyagi, A., 2004. Physiology and molecular biology of salinity stress
tolerance in plants. Curr. Sci. 86 (3), 407–421.

Selman-Housein, G., López, M., Ramos, O., Carmona, E., Arencibia, A., Menéndez, E.,
Miranda, F., 1999. Towards the improvement of sugarcane bagasse as raw
material for the production of paper pulp and animal feed. In: In Proceedings of
Plant genetic engineering: towards the third millennium: Proceedings of the
International Symposium on Plant Genetic Engineering, pp. 189–193.

Semida, W.M., Abdelkhalik, A., Mohamed, G.F., Abd El-Mageed, T.A., Abd El-Mageed,
Sh.A., Rady, M.M., Ali, E.F., 2021. Foliar Application of Zinc Oxide Nanoparticles
Promotes Drought Stress Tolerance in Eggplant (Solanum melongena L.). Plants
10 (2), 421.

Shinohara, M., Domingo-Roura, X., Takenaka, O., 1997. Microsatellites in the
bottlenose dolphin Tursiops truncatus. Mol. Ecol. 6, 695–696.
7442
Singh, R., 2003. Tissue Culture Studies of Sugarcane. An M. Sc. Thesis submitted to
Thapar Institute of Engineering and Technology, Patiala –147004, India, pp. 41–
49.

Sitohy, M.Z., Desoky, E.M., Osman, A., Rady, M.M., 2020. Pumpkin seed protein
hydrolysate treatment alleviates salt stress effects on Phaseolus vulgaris by
elevating antioxidant capacity and recovering ion homeostasis. Sci. Hortic. 271,
109495.

Sumarani, G., Pillai, S.V., Harisankar, P., Sundaresan, S., 2004. Isozyme analysis of
indigenous cassava germplasm for identification of duplicates. Genet. Resour.
Crop Evol. 51, 205–209.

Taha, R.S., Alharby, H.F., Bamagoos, A.A., Medani, R.A., Rady, M.M., 2020. Elevating
tolerance of drought stress in Ocimum basilicum using pollen grains extract; a
natural biostimulant by regulation of plant performance and antioxidant
defense system. South Afr. J. Bot. 128, 42–53.

Teama, S., 2018. DNA polymorphisms: DNA-based molecular markers and their
application in medicine. Genetic Diversity and Disease Susceptibility 25.
https://doi.org/10.5772/intechopen.79517.

Tuberosa, R., Salvi, S., Sanguineti, M.C., Maccaferri, M., Giuliani, S., Landi, P., 2003.
Searching for quantitative trait loci controlling root traits in maize: a critical
appraisal. Plant Soil 255, 35–54.

Van Sanford, D., Anderson, J., Campbell, K., Costa, J., Cregan, P., Griffey, C., Hayes, P.,
Ward, R., 2001. Discovery and Deployment of Molecular Markers Linked to
Fusarium Head Blight Resistance. The investigation reported in this paper (00–
06-75) is in connection with a project of the Kentucky Agric. Exp. Stn. and is
published with the approval of the director. Crop Sci. 41, 638–644.

Watanabe, S., Kojima, K., Ide, Y., Sasaki, S., 2000. Effects of saline and osmotic stress
on proline and sugar accumulation in Populus euphratica in vitro. Plant Cell
Tissue Organ Cult. 63, 199.

Watt, M.P., Banasiak, M., Reddy, D., Albertse, E.H., Snyman, S.J., 2009. In vitro
minimal growth storage of Saccharum spp. hybrid (genotype 88H0019) at two
stages of direct somatic embryogenic regeneration. Plant Cell Tissue Organ Cult.
96, 263–271.

Williams, J.G.K., Kubelik, A.R., Livak, K.J., Rafalski, J.A., Tingey, S.V., 1990. DNA
polymorphisms amplified by arbitrary primers are useful as genetic markers.
Nucleic Acids Res. 18, 6531–6535.

Williams, K.J., 2003. The molecular genetics of disease resistance in barley. Aust. J.
Agric. Res. 54, 1065–1079.

http://refhub.elsevier.com/S1319-562X(21)00736-1/h0300
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0300
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0300
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0300
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0305
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0305
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0305
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0310
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0310
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0310
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0310
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0315
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0315
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0315
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0320
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0320
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0320
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0320
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0325
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0325
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0325
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0325
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0330
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0330
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0335
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0335
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0340
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0340
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0340
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0340
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0340
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0345
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0345
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0345
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0345
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0350
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0350
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0365
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0365
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0365
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0370
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0370
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0370
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0375
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0375
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0375
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0375
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0385
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0385
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0385
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0390
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0390
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0390
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0390
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0390
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0395
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0395
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0395
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0400
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0400
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0400
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0400
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0405
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0405
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0405
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0410
http://refhub.elsevier.com/S1319-562X(21)00736-1/h0410

	Callus induction and regeneration in sugarcane under drought stressYour article is registered as a regular item and is being processed for inclusion in a regular issue of the journal. If this is NOT correct and your article belongs to a S
	1 Introduction
	2 Materials and methods
	2.1 The source of genotypes
	2.2 The techniques of tissue culture
	2.2.1 The contents of the used medium
	2.2.2 The production of callus
	2.2.3 The culture preparation and conditioning
	2.2.4 In vitro-inducing drought states using mannitol (C6H8OH6)
	2.2.5 Determination of callus relative growth rate and water content
	2.2.6 Assessment of the contents of K+ and Na+ ions, and proline
	2.2.7 Shoot regeneration
	2.2.8 Root formation

	2.3 Molecular examination
	2.3.1 Total genomic DNA extraction
	2.3.2 Analysis with RAPD- PCR
	2.3.3 Data analysis

	2.4 Statistical analysis

	3 Results
	3.1 Callus induction in sugarcane
	3.2 In vitro drought tolerance
	3.3 K+ and Na+ ion contents
	3.4 The content of proline
	3.5 The effect of drought on morphological characters in regeneration
	3.5.1 Shoot and root formation
	3.5.2 The RAPD analysis


	4 Discussion
	5 Conclusions
	6 Ethical disclosures**a
	Declaration of Competing Interest
	ack31
	Acknowledgments
	Appendix A Supplementary data
	References


