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Abstract
AL-MayvaHI, AM.W.,, ALL, A.H., 2021. Effects of different types of gelling agents on in vitro organogenesis
and some physicochemical properties of date palm buds, Showathy cv. Folia Oecologica, 48 (1): 110-117.

Some obstacles are associated with in vitro propagation of date palm, such as explant tissue browning, slow
callus growth and development, low organogenesis and multiplication efficiency, and frequent tissue vitri-
fication. This investigation studied the effect of five types of gelling agents (Danish Agar, Cero Agar Type
8952, Chile Agar, Gerlite Food Grade, and Agar-Agar.) on in vitro regeneration and bud multiplication of
Phoenix dactylifera L. cv. Showathy. The results showed that the highest percentages of callus producing
buds and average bud formation (77.78%, 11.5 buds, and 72.23%, 10.9 buds) were obtained in response to
7 g 1! Danish Agar and Cero Agar Type 8952, respectively. A decrease in browning percentage was observed
in tissues cultured in the medium gelled with Danish Agar. Observations showed that Danish Agar and Cero
Agar Type 8952 eliminated also shoot vitrification. Compared with other treatments, the total amount of phe-
nolic compounds was significantly reduced to 0.79 and 0.82mg GAE/g in buds cultured in the media gelled
with Danish Agar and Cero Agar Type 8952, respectively. The macronutrient phosphor, calcium, sodium, and
micronutrient boron and copper significantly increased in the in vitro shoots regenerated on the media gelled
with Danish Agar and Cero Agar Type 8§952.
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Introduction

Date palm (Phoenix dactylifera L.), which belongs
to the Arecaceaec family, is an important fruit crop
grown widely in arid and semi-arid regions because
of its multifaceted uses and high economic returns
(ABDELAZIZ et al., 2019; AL-MAayaHI et al., 2020a). Date
palm is commonly propagated vegetatively by offshoots.
However, micropropagation is the preferred means to
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produce a mass number of healthy plants genetically
identical to the mother plant (AL-KHAYRI and NAIK, 2017;
AL-MavaHl, 2019). The formation and multiplication of
in vitro shoots are affected by many factors, including
the chemical and physical characters (AL-MavaH1, 2012
and 2014; IBrAHIM et al., 2013), such as the type and
concentration of the gelling agent (LEBEDEV et al., 2019).
Gelling agents are usually added to the culture medium to
make it’s viscous enough to support plant tissues floatation
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above the nutrient medium (RaINa, 2017). Gelling agents
used to solidify plant growth medium can contain many
mineral nutrients reported to affect plant growth (JosHi,
2009). Generally, many studies have shown that the type
of gelling agent used can influence tissues’ growth in
vitro (QUIALA et al., 2014; RamESH and Ramassamy, 2014,
2015; AL-MayaHI, 2015; RAINA, 2017), therefore the study
on selecting commercial grades of gelling agents is very
important. There are limited studies about gelling agent
effect routinely used in micropropagation on palm plant
growth and development (PALANYANDY et al., 2020; AL-
MavaHL, 2015). The study aimed to compare the effects of
five gelling agents commonly used to solidify plant tissue
culture media (Danish Agar, Cero Agar Type 8952, Chile
Agar, Gerlite Food Grade, and Agar-Agar) on the growth
and multiplication in vitro of date palm buds and analysis
of some physicochemical parameters.

Materials and methods

The present study was performed in The Tissue Culture
Laboratory of Date Palm Research Centre, Basra
University, Basrah, Iraq, during 2017 and 2018.

The shoot tip terminal, about 1 cm long, was sectioned
longitudinally into four sections. In order to induce callus
formation, explants were transferred to MURASHIGE and
Sk00G (1962) (MS) basal medium supplemented with
3mg 1" 6-(y,y-Dimethylallylamino)purine, (synonym:
N6-(2-Isopenteny1)adenine (2iP)), 30mg I'! NAA, 3g 1!
activated charcoal, 100mg I'! glutamine, Smg 1"' thiamine
HCI, 1mg I'! biotin, 30g 1! sucrose, and solidified with
Agar-Agar at 7.0g 1" (AL-MayaHi, 2014). Cultures
were kept under complete darkness at 27 + 2 °C. The
cultures were transferred to fresh media, with the same
composition every 6 weeks until the callus began to grow.
After 10 weeks, callus at the weight of about 100mg
in average (Fig. 1) was separated and cultured on the
medium composed of MS 0.5mg I'' Naphtalene acetic
acid (NAA), 0.5mg 1! 6-Benzylaminopurine (synonym:
Né-Benzyladenine (BA)), 5mg I'' Kinetin (K) and 0.5¢g
I'! activated charcoal according to AL-MAvaHI, (2016).
The medium pH was adjusted to 5.8 before the adding
of gelling agent.The medium was solidified; with five
different gelling agents; Danish Agar, Cero Agar Type
8952, Chile Agar, Gerlite Food Grade, and Agar-Agar. The
concentrations used in this study were chosen based on our
previous researches. Each gelling agent was added to the
culture medium at a concentration of 7g I'!, except for the
Gerlite Food Grade, which was added at a concentration of
3g 1. Callus tissues (100 mg) were weighed and cultured
in 340ml glass jars containing 50ml of culture media,
closed with a metal cap. The cultures were incubated in
a growth chamber under 27 + 2 °C and 16-h light / 8-h
dark cycle with illumination from cool white fluorescence
lamps 40 umol? m= s!. Subcultures were made at 6-week
intervals on the same medium with the aim to obtain shoots.
Results regarding the percentage of bud regeneration and
buds number per 100mg callus (jar) were recorded after
10 weeks. Treatments were arranged in a completely
randomized design with 18 replications.

Fig. 1 Callus induced from shoot tip explant of date palm
(P, dactylifera L. Showathy cv.) is used in this study.

Morphological parameters

Browning percentage (%)

It was estimated by calculation of the number of brown
cultures from the total number of cultures.

Vitrification percentage (%)

The vitrification percentage (%) was calculated depending
on their external appearance; the shoots were classified
as suffering vitrification and had a glassy and watery
appearance compared to normal shoots.

Chemical analysis

Moisture content

Weight losses for fresh buds were obtained until a constant
mass was reached. Moisture was determined from shoot
weight loss after oven drying at 60 °C until reaching
constant weight .

Total phenolic content

Phenolic content was extracted according to the method
described by SINGLETON and Rosst (1965). Gallic
acid was used as a reference standard; 0.2ml of extract
solution and 0.2 ml of Folin—Ciocalteu reagent was added,
and the contents mixed thoroughly. After 5 min, 1 ml of
15% of sodium bicarbonate Na,CO, was added, and
then the mixture was left at room temperature for 2 h.
The absorbance was measured at 765 nm. Results were
expressed as milligram of Gallic acid equivalent (mg
GAE/g).

Mineral analysis of shoots

Content of total sodium (Na), potassium (K), calcium
(Ca), and phosphorus (P) in shoots were analyzed
according to the method described by CRESSER and
Parsons (1979). 0.2g of shoot samples (as dry weight)
were taken into a caldal flask with a capacity of 100
cm?® and digested with a mixture of sulfuric acid (69%)
and perchloric acid (62%) under heating for one hour;
subsequently, the digested solution was transferred into
volumetric flask 50 c¢m?®, and volumes were completed
in size with distilled water. Chemical analyses were
performed using the following methods: Phosphorus was
measured by a spectrophotometer at 880 nm, according
to MurpHY and RILEY (1962). K, Ca, Mg, and Na were
determined by atomic absorption spectrometry, according
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to the method described by BLack (1968). For B analysis,
shoots were dried and digested with 10ml 0.36 mol 1!
H,SO, (GaiNes and MITCHELL, 1979). B was quantified
by the spectrometer. For Cu analysis, each sample was
dissolved in 5ml of a 20% HCI solution. Cu in shoots
were determined by atomic absorption spectrophotometry.
There were three replicates of each analysis.

Statistical analysis

The experiments were conducted in a completely
randomized design (CRD). Data were analyzed by one-
way analysis of variance (ANOVA) using Statistical
Package for Social Sciences (SPSS) software version 20.
Treatment means were compared using the least significant
difference (LSD P < 0.05). All treatments were replicated
15 times.

Results

Effect of gelling agents on some morphological
parameters: the influence of the gelling agent on the
in vitro bud induction rates of date palm Showathy cv.

Table 1 showed that different types of a gelling agent had
significant effects on buds induction rates. The cultured
callus showed significant variations in percentage and the
regeneration of buds cultured in the media supplement

with different gelling agents (Table 1). The cultures were
grown on the medium gelled with Danish Agar, and Cero
Agar Type 8952 showed a better result in a percentage of
bud formation and bud number compared with the cultures
grown in media containing Chile Agar, Gerlite Food Grade,
and Agar-Agar (Table 1) (Fig. 2). On media with Danish
agar and Cero Agar Type 8952, 77.78 and 72.23% of callus
produced bud with average number of buds of 11.5 + 0.81
and 10.9 + 0.09 buds/100 mg (jar), respectively.

Browning percentage (%)

The results in Figure 3 showed that the different types of
a gelling agent had significant effects on the browning
percentage. The cultures grown on the medium gelled
with Danish Agar and Cero Agar Type 8952, showed the
best results in reducing the browning percentage where
the browning reached 12.5%, compared with the cultures
grown on the media supplemented with other types of
gelling agent, Chile agar, Gerlite food grade and Agar-
Agar, where the browning reached 25.0%, 25.0% and
37.5% respectively (Fig. 3).

Effect of gelling agents on vitrification

Visual observation of the effect of gelling agent type on
vitrified bud percentage showed that Danish Agar, Cero
Agar Type 8952, Chile Agar, and Agar-Agar gelled
media reduced the vitrification of shoots to the minimal

Table 1. Effect of various gelling agents on a percentage (%) of callus forming bud and number of buds/100 mg of callus after

10 weeks of culture of date palm Showathy cv.

Solidifying agent

Response of callus

Mean number of buds/ 100 mg

for buds regeneration (%) (jar)
(7 g 17") Danish Agar 77.78 £5.77a 11.5+0.17a
(7 g 171 Cero Agar Type 8952 7223 +£3.61a 10.9 £0.09a
Chile Agar (7 g 17 61.12b +4.16¢ 9.2+0.21b
(3 g1™") Gerlite Food Grade 55.56 £9.29¢ 7.6 £0.18¢c
(7 g17") Agar-Agar 44.45 +3.06d 6.1 +0.39d

+ Standard error (n = 18). Values followed by the same letter are not significantly different at p < 0.05.

Fig. 2. In vitro buds of date palm Showathy cv., developed on media gelled with (A) Danish Agar, (B) Cero Agar Type 8952,
(C) Chile Agar, (D) Gerlite Food Grade, and (E) Agar-Agar.
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Fig. 3. The effect of various gelling agents on a browning percentage (%) (mg GAE/g) of date palm
buds Showathy cv., in vitro.

rates (0.0, 0.0, 12.5 and 12.5% and 12.5% respectively),
while Gerlite Food Grade aggravated the occurrence of
vitrification to 37.5% (Table 2) (Fig. 4).

Table 2. Effect of various gelling agents on vitrification
percentage (%) of date palm buds Showathy cv., in vitro (n=8

Percentage of vitrification

Solidifying agent shoots (%)
(7 g 17") Danish Agar 0.0 0.0a
(7 g 17") Cero Agar Type 8952 0.0 +£0.0a
Chile Agar (7 g 17 125+1.2a
(3 g1™") Gerlite Food Grade 37.5+2.1b
(7 g 17") Agar-Agar 125+1.2a

+ Standard error (n = 18).Values followed by the same letter
are not significantly different at p < 0.05.

Fig. 4. Effect of Gerlite Food Grade on vitrification of date
palm buds Showathy cv., in vitro.

Effect of gelling agents on biochemical parameters
Moisture percentage

The buds cultured on Gerlite Food Grade (3g I'') had
a higher moisture percentage (90%) than those cultured in
media gelled with the other gelling agents. Buds cultured
on 7g I'! Danish Agar had the least moisture percentage,
65% (Fig. 5).

Phenolic compounds contents percentage

The phenol compounds were found highest in buds tissues
of Showathy cv., on the medium gelled with Agar-Agar,
which was 1.75mg GAE/g. Simultaneously, this means
value decreased significantly and reached the lowest level
on the medium solidified with Danish and Cero Agar Type
8952, which were 0.79 and 0.82mg GAE/g, respectively
(Fig. 6).

Mineral content

The medium gelling agent significantly affects the
accumulation of elements in shoot tissues of date palm
cultured in vitro. A significant increase of P, Ca, Na and
most microelements studied, such as B and Cu were
recorded in the shoots tissues cultured on Danish Agar
and Cero Agar Type 8952. Shoots cultured on Gelrite had
a higher Mg concentration than media supplemented with
other gelling agents. At the same time, statistical analyses
did not appear significant diffcrences in the content of K in
shoots on all studied media (Table 3).

Discussion

During in vitro culture, date palms are exposed to many
problems, which directly affect commercial production.
Tissue culture media solidified with an appropriate gelling
agent that provides a suitable milieu for plant cells and
tissue growth are needed. During the present study, we
tested the influence of different gelling agents (Danish Agar,
Cero Agar Type 8952, Chile Agar, Gerlite Food Grade,
and Agar-Agar) on the micropropagation of date palm
Showathy cv., to identify the appropriate type that produces
a high number of good-quality date palm shoots. Efficient
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Fig. 6. The effect of various gelling agents on total phenolic compounds
(mg GAE/g) of date palm buds Showathy cv., in vitro.

bud induction rate is the important economic aspect in the
commercial micropropagation of the date palm. The media
were optimized when using Danish Agar, Cero Agar Type
8952, and produced a maximum 11.5 and 10.9 number of
buds per 100mg of callus, respectively (Tablel). Ensure
proper media hardness is of importance in plant tissue
cultures. The soft media inclined to liquidity. In that case,
the hyperhydricity can be frequent in the in vitro cultures
while the high solid media are making difficult to absorb
the nutrients by the tissue-cultured, thus causing growth
inhibition (GANGOPADHYAY et al., 2009). The choice of
gelling agent strongly affects the growth and development
of cultivated tissues (TREMBLAY and TREMBLAY, 1991;
AL-MayaHI, 2015). There are some advantages among
gelling agents affecting the in vitro growth characters by
water retention on gels and the availability of nutrients for
cultured tissues (RAMESH and Ramassamy, 2015). Also,
the variations appear in responses of plant tissue cultured
due to interaction with media components (ROMBERGER
and TABOR, 1971), impurities (NAIRN et al., 1995) and
gelling strength. EBRAHIM and IBRAHIM (2000) explained
that the gelling agents usually is combined with water and
absorb variously other compounds. Therefore, it can be
concluded that the gelling agents used in this study were
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different in their effect. The phenomenon of vitrification
is one of the serious problems that occur during in vitro
culture of date palm, which directly affects production
on a commercial scale (YADav et al., 2003; AL-ASADI et
al., 2020). Our study indicated that the vitrified buds had
higher tissue water content than non-vitrified buds (data
not shown). The harmful effects of tissue vitrification due
to high relative humidity can be reduced using different
gelling agents in the medium. Variation in the responses
of shoots on different galling agents can be attributed to
differences in the water potential of the medium reflected
in the leaves what affects plant growth (BuaH et al., 1999).
Te-CHATO et al. (2005) reported that some types gelling
agents produce problems related to tissue vitrification.
It was observed that low agar concentrations in the
medium cause the wet weight gain of Nicotiana tabacum
L. (JosHi, 2009). There was a decrease in the percentage
of vitrification shoots when the gerlite concentration
increased from 0.1% to 0.4%, with crabapple (TURNER and
SINGHA, 1990). Numerous treatments have been reported
to control hyperhydricity “Vitrification”, including the use
of solid media with a high level of a gelling agent or use
a gelling agent with higher gel strength (DEBERGH,1983).
This phenomenon occurs in many plant propagated



Table 3. The effect of various gelling agents on the minerals content in the shoots of date palm buds Showathy cv., in vitro

Cu
(mg g DW)

Na
(mg g' DW)
137+0.13a

(mg g DW)

Mg
(mg g' DW)

Ca
(mg g DW)

(mg g' DW)

(mg g' DW)

Solidifying agent

3.690 +0.5a

2.926+0.17a
2.794 £ 0.25a
2.477+0.19b
2.066 = 0.08d
2.214 +£0.18¢c

12.780 £ 1.0b

19.088 +1.09a

3.160+0.2a
3.011 £0.08a
2.985+0.17a

3.358+0.31a
3.175+0.28a
2.498 £ 0.19b

(7 g 17 Danish Agar
(7 g 171) Cero Agar Type 8952

1.29 £0.08a
1.10 £0.06b

0.88 £ 0.04c

3.430+0.4b
2.690 +0.2¢

12.690 + 1.5b

18.986 +0.88a
17.43 £0.87b

11.838 £0.9¢

Chile Agar (7 g1™)
(3 g 1)) Gerlite Food Grade

1.93£0.3e
2.380+0.2d

3438 +0.7a 16.812 £0.52¢ 13.034 £ 1.2a
16.986 £ 0.47

2.808 £ 0.04a

1.961 £ 0.06¢
2.028 £ 0.08¢c

1.03 £ 0.05b

11.693 £1.0d

(7 g 17"y Agar- Agar

5). Values followed by the same letter are not significantly different at p < 0.05.

+ Standard error (n

in vitro, including date palms. It reduces their chances
of success due to the weakness rate of survived plants
obtained. It was proven that agar concentration in the
culture medium has an important role in hypersensitivity
of Gypsophila paniculata L. tissue (Rapy, 2006). The
water potential of the culture medium is reduced with
increasing concentration of gelling agents in harmony with
the results of BuaH et al. (1999), who reported that high
agar concentrations lead to reduced media water potential.
Gelrite increases vitrification in date palm; similar results
have been found with different species (IvaANOvA and VAN
STADEN, 2010; QuiaLa et al., 2014). Thus, the vitrification
of cultured tissues was reported in this paper in accordance
with many other researchers who reported that raising agar
content could reduce the vitrification of produced shoots
(Rapy, 2006).

The presence of phenol substances in cultured tissue is
one ofthe serious problems thathinder the micropropagation
of date palm (AL-MAvyaHI et al., 2010; AL-MayaH1 2020b).
These phenolic compounds are exuded from the cut parts
of explants and oxidized due to the enzymes such as
peroxidases (POD) and polyphenolase (PPO) (an enzyme
involved in tissue browning, is a tetramer that contains
four atoms of copper per molecule, and binding sites for
two aromatic compounds and oxygen), or when exposed to
air (ONUOHA et al., 2011), resulting in the culture medium
turning brown and death of cultured tissues (ALiyu, 2005).
The present study also proved that the Danish Agar, Cero
Agar Type 8952, and Chile Agar treatments used in all
experimental investigations effectively reduce phenolic
compounds (Fig. 3). Choose the proper type of gelling
agent is an important factor for plants in vitro regeneration
(KAcAR et al., 2010). The properties of different gelling
agents depend on several factors including the degree
of clarity or purity, polymerizability and water retention
capacity, which in turn affect the availability of nutrients
(Beruto et al., 1999). Inorganic compounds in gelling
agents and the interaction gelling agent-medium-tissue
play an important role during tissue growth in vitro
(ScHOLTEN and Pierik, 1998). Improvement growth of
date palm buds was observed at 7g I"! Danish Agar, Cero
Agar Type 8952. The superiority of the Danish Agar and
Cero Agar Type 8952 may be due to their element content,
such as P, Ca, Na, B, and Cu in sufficient quantities for the
growth and development of date palm tissues (Table 3).

Conclusion

The growth of date palm buds in vitro was affected by the
type of gelling agent mainly, which causes the difference in
the physical and chemical properties of the buds cultured.
The MS medium gelled with 7g I'! of Danish Agar and
Cero Agar Type 8952 is most suitable for in vitro induction
of date palm Showathy cv. buds with the aim to obtain
healthy cultures. The chemical analysis of the cultured
buds on media supplemented with various gelling agents
revealed that Danish Agar and Cero Agar Type 8952 had
a high P, Ca, Na, B, and Cu content compared to the other
gelling agents. Therefore, we suppose that adding Danish
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Agar, or Cero Agar Type 8952 to the culture medium, can
promote plant propagation under in vitro conditions.
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