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Barhi is one of the finest cultivars of dates, characterized by the high prices of
fruits and offshoots. This experiment aims to study the role of brassinosteroid
on the physical characteristics of Barhi date palm tissue culture (callus and
embryos) under polyethylene glycol induced water stress. For this purpose,
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date palm tissues were cultured on a simulated dehydration medium using
concentrations of polyethylene glycol (0, 10, 20, and 30 g.L-1) which interacted
with four concentrations of brassinosteroid (0, 0.2, 0.5, and 1 pM). A decrease

in the fresh weight of callus and embryo cultures was observed with higher
polyethylene glycol concentrations. However, brassinosteroid treatment
showed a significant increase in fresh weight compared to brassinosteroid-free
treatments at similar polyethylene glycol concentrations. On the other hand,
water content decreased significantly under increased polyethylene glycol
concentrations with no apparent influence of brassinosteroid treatments. The
dry matter and tissue activity significantly increased under brassinosteroid
application combined with polyethylene glycol induced water stress.
Furthermore, brassinosteroid interacting with polyethylene glycol decreased
the browning level in both culture types. This experiment concludes that
brassinosteroid treatment can significantly decrease the harmful effect of water
stress due to polyethylene glycol's presence in the nutrition media.
Additionally, the findings of this study highlight the importance of
brassinosteroids and polyethylene glycol in protecting palm culture from
browning and maintaining in vitro activity.
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1. Introduction

Date palm (Phoenix dactylifera L.) is one of the oldest plants worldwide and is considered economically vital in many
regions through the date yield and other industrial uses of the palm. Iraq is a major date palm producer, with more
than 600 cultivars cultivated in the country [1-3]. Barhi is the most important date palm cultivar, desired by
consumers for its soft texture, absence of tannins, and palatability during all three ripening stages (Khalal, Ratab, and
Temer) [4].

Micropropagation is the best method for date palm propagation, which is divided into two main methods:
organogenesis and somatic embryogenesis. The somatic embryogenesis method passes indirectly through callus
production, then the production of somatic embryos, followed by other production stages to reach a complete plant
[5-7].

Date palm cultivation is widespread in arid and semi-arid areas, where water resources are scarce, resulting in
drought stress. This abiotic stress negatively affects plants by reducing the developmental and physiological processes
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and leading to plant weakness and reduced yield. Water stress significantly damages the agricultural sector in
developing countries, which depend mainly on agriculture for their livelihood [8].

Brassinosteroids (BRs) are a group of plant steroid hormones first identified in the pollen of Brassica napus. BRs have
essential roles in various physiological and developmental processes at different plant stages, as they can promote
elongation and cell division, photosynthesis, xylem differentiation, seed germination, and fruit ripening [9, 10]. It is
also reported that BRs can be used in different stages of plant life to resist or overcome the negative effects of abiotic
stresses such as water stress [11], highlighting the importance of these hormones in drought stress research. In this
context, polyethylene glycol (PEG) at 5-40% w/v can be utilized to reduce the water availability to the plant due to its
high molecular [12]. Therefore, PEG can be used to simulate drought under in vitro conditions. Considering the
previous points, this experiment aims to investigate BR effects on the physical characteristics of date palm tissues at
the callus and embryonic stages under PEG-induced water stress.

2. Materials and Methods

2.1. Plant material

The experiment was conducted in the tissue culture laboratory of the Basra Governorate Agriculture Directorate in
2021-2022. Work was carried out on two stages (callus and embryos) from the micropropagation of Barhi date palm
cultivar by indirect somatic embryogenesis. The explants were obtained from the apical bud of eight years old,
healthy, and suitable size Barhi date offshoots. For callus induction, the explants were cultured in Murashige and
Skoog (MS) medium [13] supplemented with sucrose (50 g.L1), naphthalene acetic acid (NAA) (12 mg.L1), benzyl
adenine (BA) (6 mg.L'1) and agar (7 g.L'1) at a pH of 5.7 and incubated in the dark for three months at 27 C° with re-
culturing every one month on the same medium. The obtained callus was multiplied by subculturing it in the same
medium components with reduced plant growth regulators (NAA 6 mg.L-! and BA 1 mg.L1) and incubation at 27 C° in
the dark for three months with reculturing every month. Embryos were formed by subculturing callus on different
nutrient medium supplemented with sucrose (40 g.L-1), naphthalene acetic acid (NAA) (3 mg.L'1), 2i-p (0.5 mg.L-1) and
agar (7 g.L-1) at a pH of 5.7 for two months and reculturing every month on the same medium with incubating in the
dark at 27 C°.

2.2. Polyethylene glycol and brassinosteroid treatments

PEG and BR were added to the MS (4.4 mg.L-1) medium containing sucrose (40 g.L-1) and agar (7 g.L'1). The callus (200
mg) and somatic embryos (5 embryos) were cultured (15 replicates for each treatment) on four PEG concentrations
(0, 10, 20, and 30 g.L1), and four concentrations of BR (0, 0.2, 0.5, and 1 uM) for eight weeks and incubated in the dark.
The BR and PEG-free treatment was considered a control treatment (C) (Table 1).

Table 1. The experiment treatments

Treatment C Al A2 A3 Bl B2 B3 B4 D1 D2 D3 D4 E1 E2 E3 E4
BR (M) 0 02 05 1 0 02 05 1 0 0z 05 1 0 02 05 1
PEG (gLl 0 O 0 0 10 10 10 10 20 20 20 20 30 30 30 30

BR: Brassinosteroid content, PEG: Polyethylene glycol content

2.3. Physical characteristics of cultures
2.3.1. Fresh and dry weight

The fresh weight (FW) of cultured tissues was determined after 8 weeks of BR and PEG treatment. Dry weight (DW)
was determined by placing the fresh samples in an oven at 70 C° for 72 hours until a stable weight was established.
Both fresh and dry weights were measured using a digital balance (PHOENIX AB-224).

Dry matter percentage (DM%) and water content (WC%) were determined by applying the following equations:
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DW

FW — DW
WC (%) = TX 100

2.3.2. Browning and activity estimation

Tissue browning is the accumulation and subsequent oxidation of phenolic compounds in the tissue and culture
media, which can be seen in cultured tissue. Tissue activity indicates that the plant tissue is free of contamination,
browning, and vitrification.

Visual inspections were conducted 8 weeks after BR and PEG treatments to determine browned and active samples.
Tissue activity and browning were then estimated in each replicate using the following equations:
Number of healthy samples

Ti tivity (%) = x 100
issue activity (%) Total number of samples

) ) Number of browned samples
Tissue browning (%) = Total number of samples * 100

2.4. Statistical analysis

The experiment was conducted in a factorial design with two factors (PEG and BR) with a completely randomized
design (CRD) and 15 replicates for each treatment.

The results were analyzed using ANOVA analysis of variance, and the means were compared using the least significant
difference (LSD) at a probability level of 1% using SPSS software [14].

3. Results

3.1. Fresh weight

Although a general decrease in the fresh weight of callus tissue was observed under increased water stress (increased
PEG content), a significant increase in callus fresh weight was observed in E3 and E4 treatments compared to E1 (Fig.
1 A). On the other hand, the fresh weight of embryonic tissue appeared un-effected by the increased PEG content.
However, slight increases in the fresh weight of embryonic tissues were recorded under higher BR and PEG
treatments compared to BR-free treatments (Fig. 1 B).

3.2. Dry weight

Significant increases in the dry weight of tissues at the callus stage were noticed in E3 and E4 treatments compared to
the E1 treatment (Fig. 1 C). Notable increases in the dry weight of embryonic tissues were observed under increased
PEG content (20 and 30 g.L-1) and high BR treatments (0.5 and 1 uM) compared to the BR-free treatments at similar
PEG content (Fig. 1 D).

3.3. Water content percentage

No apparent differences in the water content were observed at the callus stage in BR-treated samples compared to the
BR-free treatments at similar PEG levels. However, higher PEG levels induced a significant decrease in water content
compared to the control (Fig. 1 E). Similarly, significant decreases in the WC% of embryonic tissues were observed in
20 and 30 g.L'1 PEG treatments compared to the control treatment. Furthermore, BR-treated samples D3 and D4 had a
significantly lower water content compared to D1 (Fig. 1 F).
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A 25 B 20 Figure 1. The effect of
polyethylene glycol and
brassinosteroid treatment on the
tissue fresh weight [FW (g)] (A
and B), dry weight [DW (g)] (C
and D), water content [WC (%)]
(E and F), dry matter content [DM
(%)] (G and H), activity (%) (I
and J), and browning (%) (K and
L) of cultured ‘Barhi’ date palm
callus (A, G, E, G, I, and K) and
embryos (B, D, F, H, ], and L).
PEGO, PEG10, PEG20, and PEG30
refer to culture medium content of
polyethylene glycol (0, 10, 20, and
30 g.L-1, respectively), while BRO,
BR0.2, BR0.5, and BR1 refer to
PEG10 PEG20 PEG30 ~~ PEGO PEG10 PEG20 PEG30  culture medium content of
brassinosteroid (0, 0.2, 0.5, and 1
uM, respectively). The values in
the charts represent means, and
error bars represent standard
errors. LSDp<0.01 is 0.36, 0.51,
0.03, 0.06, 1.8, 2, 1.8, 2, 9.2, 7.9,
73, and 7.6, for A to L,
respectively.
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3.4. Dry matter percentage

Significant increases in the DM% of callus and embryonic tissues were observed by increasing PEG content of the
medium. Although BR treatment resulted in higher dry matter content compared to BR-free treatments, such as E2-E4
in the callus stage and D3-D4 in the embryonic stage, these increases were insignificant (Fig. 1 G and H).

3.5. Callus and embryos activity

An overall increase in tissue activity was observed by increasing PEG content. Furthermore, increased tissue activity
was observed by increasing BR content at each PEG level (Fig. 1 I and ]). Callus activity increased in B4 and D4
treatments compared to their respective BR-free treatments (B1 and D1). A significant embryo activity increase in B3-
B4 and D3-D4 treatments was recorded compared to the control and their respective BR-free (B1 and D1) treatments.

3.6. Callus and embryos browning

The browning at callus and embryonic stages significantly decreased by increasing PEG content. Furthermore,
increasing BR content decreased browning at each PEG level (Fig. 1 K and L). In fact, significantly lower browning
levels were observed in C3 and C4 treatments compared to C1 treatments.

4. Discussion

The observed decrease in the fresh weight of tissue under PEG treatment is a typical response to drought stress [15].
However, an increase in tissues' fresh weight was noticed in BR treatments compared to BR-free treatments, which
can be attributed to the essential role of the BR in the various developmental processes, including the growth
processes [16][17]. In fact, BR is a significant influencer in cell division and elongation [18][19].

The increase in dry matter in this study is related to the imposed water stress due to the decrease in the water content
of the tissues [20][21]. In this context, BR is known to increase dry matter and reduce water content [22]. BR
contributes significantly to osmosis adaptation in plants grown under water stress by promoting carbohydrate
(sucrose and starch) accumulation [23][24].

Browning is one of the severe problems facing the micro-propagation of date palm tissues, especially in somatic
embryogenesis [25]. The occurrence of browning is attributed to caffeoyl shikimic acid accumulation in the plant
tissues [26]. PEG protects the plant from browning by increasing the antioxidant enzyme activity and thus contributes
to protecting tissues from high phenol levels, which in turn increases tissue activity. Additionally, PEG enhances the
replication and renewal potentials in tissue cultures [27]. On the other hand, brassinosteroids protect the tissues from
browning and act as mediators to stimulate the gene expression of antioxidative enzymes [28][29]. Therefore, BR and
PEG have significant interaction effects in increasing the activity of the tissues and reducing the problem of browning.

5. Conclusion

The results of this study highlight the positive effect of PEG and BR in increasing the dry matter and tissue activity in
callus and embryonic palm cultures. On the other hand, these treatments efficiently reduced the browning, which is a
major issue in the micropropagation of date palms. Furthermore, the results refer to the essential role of BR in
reducing or eliminating the negative impact of water stress under in vitro conditions.
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