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Abstract: Date palm (Phoenix dactylifera L.) is one of the most economically important plants worldwide. The dates’ quality
and quantity were affected by several stresses, especially drought. Brassinosteroid (BR) is a new class of hormones that can
be used with many plants in different stages of life to resist or overcome the effects of abiotic stresses such as drought. This
study aims to study the BR effect on some physico-chemical characteristics of date palm fruits at two stages (Chimri and
Khalal) under drought stress. Four concentrations of the BR (0, 0.2, 0.5 and 1 µmol) were studied, interacting with three
irrigation times (once every 1, 2 and 3 weeks). The studied characteristics of the date fruit are the fresh and dry weight, dry
weight percentage, water content, TSS and total acidity. The randomized complete block design was used for the field
experiment and the SPSS program was used as a statistical program to analyze the experimental data. The interacting effects
of Brassinosteroid with irrigation periods showed significant increases in fresh weight, dry weight, dry matter, TSS, and date
length and diameter. On the other hand, significant decreases in the water content and total acidity, especially at BR
concentrations of 0.5 and 1 µmol gave the highest significant differences. The results proved that BR is a key factor in
drought stress on date palm fruits at the Chimri and Khalal stages.
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1. Introduction
Date palm (Phoenix dactylifera  L.) is a

monocotyledon, monosexual and dioecious plant that
belong to the Arecaceae family. It was previously called
the Tree of Life; it is considered one of the oldest
worldwide trees. Date palm fruits are the main food
for people in the desert also, palm trees give a high-
value nutrient food. There are hundreds of palm
varieties worldwide, but only more than 500 cultivars
are known in Iraq. The Barhi cultivar is considered
one of the most significant commercial date cultivars,
as it was first found and propagated in Basrah
governorate in Iraq, from which it spread to the rest of
the world [Ibrahim et al. (2021)]. This cultivar is
characterized by its sweet taste and is eaten in all stages

of the fruit (Khalal, Rateb and Tamer) because it is
free of astringent tannins. Barhi is a late flowering and
ripening cultivar, the palm yield about 80-120 kg/tree
and produces 6-8 offshoots during its life cycle [Idder-
Ighili et al. (2015)]. Date palm is classified as an abiotic
tolerant tree, which makes it an essential candidate to
survive in arid and semi-arid regions. It can withstand
between 4 to 18 dS.m-1 of (EC) the salinity levels of
soil and irrigation water [Ibrahim (2010), Clouston
(2013)].

Drought is one of the most significant abiotic factors
that negatively affect plant development and growth,
especially in arid and semi-arid areas [Mutlak (2019)].
Drought is a term that refers to the insufficient soil
water that is available to the plant and this negatively
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affects the plant’s metabolism [Hussain and AL-Taey
(2020)]. The serious damages of drought stresses are;
undermining water relations, reducing the efficiency of
irrigation water use and destroying the natural growth
of the plant [Mahmood et al. (2020)]. Drought affects
plants at different levels depending on the plant species
and variety, the period of exposure to stress, and the
stages of growth. Drought resistance is a necessary
trait for plants, and this trait must be developed through
appropriate breeding methods or use modern
biotechnologies techniques [Fathi and Tari (2016),
Kumar et al. (2018)].

Phytohormons are considered the most important
endogenous substances for modulating physiological and
molecular responses, a critical requirement for plant
survival as sessile organisms, Phytohormons act either
at their site of synthesis or elsewhere in plants following
their transport [Altaey and Majid (2018)].

Plant growth regulators (PGRs) are the essential
factor to stimulate plant growth and increase its stress
tolerance [Hamza and AL-Taey (2020)]. These PGRs
are giving the required responses from the explants.
Previously, there were five well-known of PGRs
nowadays; some new PGRs are discovered such as
Brassinosteroids (BRs). BR as PGRs can use with
many plants in different stages of life to resist or
overcome the effects of abiotic stresses such as drought,
salinity, and other stresses [Al-Asadi et al. (2019)].

The main objective of this research is to study the
interaction effect between the BR and irrigation periods
on the physic-chemical properties in the fruits of date
palm cultivar Barhi during the Chimri and Khalal stages.
2. Materials and Methods

The experiment was carried out in a private date
palm orchard in Basrah governorate in south Iraq. All
date palm trees are Barhi cultivars; they are eight years
old and produced using tissue culture technology. The
BR was sprayed on the leaves in two periods: the first
time before flowering and the second time after the
fruit set. BR was sprayed with four concentrations (0,
2, 5 and 1 µmol) with three irrigation periods: (watering
once every 1, 2 and 3 weeks). The experiment followed
a randomized complete block design, and the SPSS 25
version program was used to analyze the results. The
dates were harvested at two stages (Chimri and Khala).

The fresh weight (FW) for dates was calculated
by weighing ten dates randomly from each replicate,

and then the fresh weight for each date was calculated
by dividing the whole weight by the number of dates
with the unit of (gm). The dry weight (DW) of the fruit
dates was calculated by weighing the flesh of ten dates
randomly from each replicate and then drying in a
Vacuum Oven at 70oC for 72 hours. Then the DW%
and WC% for each date were calculated according to
the equations

DW% = (DW/FW) × 100 and WC% = (FW-DW)
/ FW × 100

The date length and diameter were calculated by
measuring ten dates randomly from each replicate by
Vernier and dividing the total by the number of dates
with the unit of (cm).

The TSS of date was determined according to the
Horwitz method [Chemists and Horwitz (1975)]. The
total soluble acidity of date was determined according
to AOAC (1970).
3. Results and Discussion
3.1 Fresh Weight (FW)

Fig. 1A showed significant increases in the fresh
weight of date at the Chimri stage with the BR
treatments at all concentrations (0.2, 0.5, and 1 µmol)
with the level of irrigation once every three weeks
compared with unsprayed treatments (7.84 g). The
values rates of the fresh weight were 10.09, 10 and
9.92 g, respectively. The rest of the BR treatments
under drought stress also had an increasing effect
compared with unsprayed treatments, but it was not
significant.

Also, there were significant increases in the fresh
weight of date at the Khalal stage with the BR
treatments at all concentrations of 0.2, 0.5 and 1 µmol
with the level of watering once every three weeks
compared with unsprayed treatments 8.01 g. The values
rates of the fresh weight were 10.11, 10.71 and 10.68
g, respectively. The rest of the BR treatments also had
an increasing effect compared with unsprayed
treatments, but it was not significant (Fig. 1B).

The decrease in the fresh weight of date in different
stages of irrigation is a normal response under drought
conditions. The results are consistent with what
Ratnakumar and Vadez (2011) have explained exposing
the plant to a lack of water in critical stages such as
flowering and fruiting leads to a decrease in yield and
fresh weight [Ratnakumar and Vadez (2011), Elshibli
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et al. (2016)]. The increase in the fresh weight of the
dates in the BR treatments compared to the unsprayed
treatments can be attributed to the essential role of the
BR in the various developmental processes, including
growth [Divi and Krishna (2009), Kahlaoui et al.
(2014)]. Also, cell division and elongation are
significantly affected by the use of BR in interaction
with other growth regulators or alone [Jager et al.
(2005), Matusmoto et al. (2016)].
3.2 Date Length and Diameter

From Fig. 2A, it can be seen that there are significant
increases in the length of date fruits in the Chimri stage
when treated with BR in all its concentrations (0.2, 0.5
and 1) µmol with the irrigation period once every three
weeks compared to the non-sprayed treatments whose
average value was 2.72 cm. The average values of
date fruit lengths were 3.27, 3.14, and 3.18 cm,
respectively. The rest of the BR treatments also had a
slight increase in the length of date fruit compared with
unsprayed treatments, but it was insignificant.

Fig. 2B shows significant increases in the date
length at the Khalal stage with the BR treatments at
the concentrations of 0.5 and 1 µmol with the level of
watering once every three weeks compared with
unsprayed treatments at 2.70 cm. The values rates of
the date length were 3.04 and 3.01 cm, respectively.
On the other hand, there were slight decreases in the
date length value with BR treatments at 0.2 and 1 µmol
with the level of irrigation every two weeks compared
with unsprayed treatments (3.05 cm).

Fig. 3A shows significant increases in the date
diameter at the Chimri stage with the BR treatments at
all concentrations (0.2, 0.5 and 1) µmol with the level
of irrigation once every three weeks compared with
unsprayed treatments (2.14 cm). The values rates of
the date diameter were 2.47, 2.42 and 2.36 cm,
respectively. Also, there was a significant increase in
the date diameter at the Chimri stage with the BR
treatments at 0.5 µmol concentration with the level of
irrigation every two weeks compared with unsprayed

Fig. 1: The interaction effect between BR and the irrigation time on the date fresh weight (gm) at the (A) Chimri (LSD 1.11)
and (B) Khalal stages (LSD 1.15)

Fig.  2: The interaction effect between BR and the irrigation time on the date length (cm) at the (A) Chimri (LSD 0.1) and (B)
Khalal stages (LSD 0.255)
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treatments (2.34 cm). The value rate of the date
diameter was 2.46 cm. The rest of the BR treatments
also had a slight increasing effect compared with
unsprayed treatments, but it was insignificant.

Fig. 3B shows significant increases in the date
diameter at the Khalal stage with the BR treatments at
all concentrations (0.2, 0.5 and 1) µmol with the level
of irrigation once every three weeks compared with
unsprayed treatments (2 cm). The values rates of the
date diameter were 2.40, 2.46 and 2.30 cm, respectively.
Also, there was a significant increase in the date
diameter value (2.42 cm) with BR treatments at 0.5
µmol with the level of irrigation every two weeks
compared with control treatments (2.14 cm). The rest
of the BR treatments also had a slight increasing effect
compared with unsprayed treatments, but it was
insignificant.

The lack of water at critical stages of the plant’s
life negatively affects plant growth and development.

This effect led to a noticeable decrease in the length
and diameter of the fruits under drought stress
[Ratnakumar and Vadez (2011)]. Exposing the plant to
water stress reduces the effectiveness of the
photosynthesis process by 33 to 48% [Alleweldt et al.
(1982)]. Drought stress inhibits photosynthesis by
closing stomata in leaves, reducing leaf area, and
affecting the activity of dried protoplasmic enzymes
[Taiz and Zeiger (1998)]. The photosynthesis
inefficiency will lead to a lack of processed food and
consequently a decrease in the size and weight of the
fruits. The BR application works to increase plant
growth, especially in the indicators of physiological
characteristics, including the length and diameter of the
fruits in conditions of drought stress. This result is
consistent with what he found in increasing the
physiological characteristics of two apple cultivars that
were exposed to the BR under water stress conditions
[Kumari and Thakur (2019)]. In addition, many studies

Fig. 4: The interaction effect between BR and the irrigation time on dry weight (gm) of date at the (A) Chimri (LSD: 0.587)
and (B) Khalal stages (LSD: 0.368)

Fig. 3: The interaction effect between BR and the irrigation time on the date diameter (cm) at the (A) Chimri (LSD 0.113) and
(B) Khalal stages (LSD 0.210).



have indicated that cell division and elongation are
significantly affected by the use of BR in interaction
with other growth regulators, or alone [Jager et al.
(2005), Matusmoto et al. (2016)].
3.3 Dry Weight (DW) and DW% and water content

(WC %)
Fig. 4A showed significant increases in the dry

weight of date at the Chimri stage with the BR
treatments at all concentrations (0.2, 0.5 and 1) µmol
with the level of irrigation once every three weeks
compared with unsprayed treatments at 2.50 g. The
values rates of the dry weight were 4.19, 3.82 and 3.47
g, respectively. The rest of the BR treatments also had
a slight increasing effect compared with unsprayed
treatments, but it was not significant.

The dry weight of date fruits at the Khalal stage
had significant increases with the BR treatments at all
concentrations (0.2, 0.5 and 1 µmol) and the level of
irrigation (once every three weeks) compared with
unsprayed treatments, in which the rate value was 2.40
g. The values rates of the dry weight were 3.83, 3.94,

and 3.88 g, respectively. Also, there were significant
increases in the dry weight of date at the Khalal stage
with the BR treatments at all concentrations (0.2, 0.5
and 1 µmol) with the level of irrigation once every two
weeks compared with unsprayed treatments of 3 g.
The values rates of the dry weight were 3.43, 3.57 and
3.46 g, respectively (Fig. 4B).

Fig. 5A showed significant increases in the DW%
of date at the Chimri stage with the BR treatments at
the concentrations of (0.2, 0.5 and 1) µmol with the
level of irrigation once every two weeks compared with
control treatments (25.46%). The value rates of the
dry weight ratio were 31.32, 30.7 and 33.11%,
respectively. Also, there were significant increases in
the DW% of date at the Chimri stage with the BR
treatments at the concentrations of (0.2, 0.5 and 1) µmol
with the level of irrigation once every three weeks
compared with control treatments (26.39%). The value
rates of the dry weight ratio were 41.53, 38.10 and
35%, respectively.

The Khalal stage in date fruits also had significant

Fig. 5: The interaction effect between BR and the irrigation time on the DW% of date at the (A) Chimri (LSD: 5.2) and (B)
Khalal stages (LSD: 3.784).

Fig. 6: The interaction effect between BR and the irrigation time on the WC% of date at the (A) Chimri (LSD: 5.2) and (B)
Khalal stages (LSD: 3.78)
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increases in the percentage of dry matter (%DW)
when treated with BR at all its concentrations (0.2, 0.5
and 1) µmol with an irrigation level (once every three
weeks) compared with the control treatment whose
average value was 25.45%. The dry weight ratio value
rates were 32.49, 32.83 and 32.93%, respectively. Also,
there were significant increases in the DW% of date
at the Khalal stage with the BR treatments at the
concentrations of (0.2, 0.5 and 1) µmol with the level
of irrigation once every three weeks compared with
control treatments 26.39%. The value rates of the dry
weight ratio were 37.84, 36.8, and 36.35%, respectively
(Fig. 5A).

Fig. 6A significant decreases in the WC% in the
date at the Chimri stage with the BR treatments at the
concentrations of 0.2 and 0.5 µmol with the level of
irrigation once every three weeks compared with
unsprayed treatments (68.12%). The value rates of the
WC% were 58.46 and 61.89%, respectively. Also, there
was a slight decrease in the WC% of date at the Chimri
stage with the BR treatments at all concentrations with
the level of irrigation once every two weeks compared
with unsprayed treatments, but it was not significant.

The water content percentage in date fruits at the
Khalal stage was significantly decreased in the BR
treatments at the concentrations of 0.2 and 0.5 µmol
with the level of irrigation once every three weeks
compared with unsprayed treatment, which was
67.30%. The value rates of the WC% were 62.15 and
63.19%, respectively. Also, there were slight decreases
in the WC% of date at the Khalal stage with the BR
treatments at all concentrations 0.2, 0.5, and 1 µmol
with the level of irrigation once every three weeks
compared with unsprayed treatments, but it was not
significant (Fig. 6A).

The differences in the date dry weight are due to
the difference in their fresh weight. The dry weight
decreases are reflected in its fresh weight decrease
whenever the plant is exposed to water stress. The dry
weight percentage in dates increases when the plant is
exposed to water stress. This increase is considered
logical as a result of the decrease in the water content
of the dates due to drought. There is an inverse
relationship between DW% and WC% [Karim et al.
(2020), Castañeda-Murillo et al. (2022)]. BR also
increases the dry matter content of the dates and
reduces the water content [Kumari and Thakur (2019)].
The decrease in the water content percentage and the

increase in the dry matter percentage in the plant grown
under drought stress conditions (compared to the control
treatments) is related to the essential role of BR in the
process of adjusting osmosis in the plant, and this, in
turn, leads to the promotion of the accumulation of total
soluble solids [Khamsuk et al. (2018), Pérez-Borroto
et al. (2021)].
3.4 Total Soluble Solids (TSS) and Total Acidity

in Date Fruits
Fig. 7A showed significant increases in the TSS%

in the date at the Chimri stage with the BR treatments
at all concentrations (0.2, 0.5 and 1) µmol with the level
of irrigation once every two weeks compared with
control treatments (22.66%). The value rates of the
TSS% were 32, 32 and 29%, respectively. Also, there
were significant increases in the TSS of date at the
Chimri stage with the BR treatments at all
concentrations (0.2, 0.5 and 1) µmol with the level of
irrigation once every three weeks compared with
control treatments (22.66%). The value rates of the
TSS% were 35, 32 and 34%, respectively.

TSS% in date fruits at the Khalal stage was
significantly increased in the BR treatments at the
concentrations of 0.2, 0.5 and 1µmol with the irrigation
level (once every two weeks) compared with control
treatment, which was 31.66%. The value rates of the
TSS% were 47, 48 and 46%, respectively. Also, there
were significant increases in the TSS of date at the
Khalal stage with the BR treatments at all
concentrations (0.2, 0.5 and 1) µmol with the level of
irrigation once every three weeks compared with
control treatments at 31.66%. The value rates of the
TSS% were 53, 55 and 50%, respectively (Fig. 7B).

Fig. 8A showed a significant decrease in the
Acidity% in the date at the Chimri stage with the BR
treatments at the concentration of 0.5 µmol with the
levels of irrigation once every two weeks compared
with control treatments 0.32% and the value rate of
the Acidity% was 0.27%. The rest of the BR treatments
also had a slight decreasing effect compared with
control and unsprayed treatments, but they were not
significant.

At the Khalal stage of date fruits noticed the acidity
percentage had significantly decreased with the BR
treatments at all concentrations (0.2, 0.5 and 1) µmol
with the irrigation level (once every two weeks)
compared with unsprayed treatments, which was
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0.50%. The value rates of the acidity% were 0.47, 0.47,
and 0.47%, respectively. Also, there were significant
decreases in the Acidity% of date at the Khalal stage
with the BR treatments at all concentrations with the
level of irrigation once every three weeks compared
with unsprayed treatments (0.52%). The value rates
of the Acidity% were 0.49, 0.51 and 0.45%,
respectively (Fig. 8B).

The percentage of total soluble solids and acidity
has risen with the increase in the period of drought
stress, which is an expected trend. This increase is due
to drought stress acting as a potential factor for
accelerating thermal time that, in turn, encourages more
efficient photosynthesis and thus increases solubility
[Stöckle et al. (2003), Roghabadi and Pakkish (2014)].
Also, BR encouraged an increase in TSS in fruits
compared with control treatments. On the other hand,
BR worked to inhibit or reduce the effect of drought
stress on the fruits by decreasing the acidity in the fruits
compared with control treatments [Khatoon et al.

Fig. 7 : The interaction effect between BR and the irrigation time on the TSS% of date at the (A) Chimri (LSD: 3.11) and (B)
Khalal stages (LSD: 6.97).

Fig. 8 : The interaction effect between BR and the irrigation time on the Acidity% of date at the (A) Chimri (LSD: 0.044) and
(B) Khalal stages (LSD: 0.0297).

(2020), Khatoon et al. (2021)]. There is a close
relationship between BR and the ripening stage onset
in the berry plant, as BR act as a promoting factor for
the maturation process, TSS and acidity are important
indicators of ripening [Symons et al. (2006)].
4. Conclusion

Drought stress negatively affects the growth and
development of plants, especially in critical stages such
as the development and ripening of fruits. BR acted as
an inhibited factor of the drought stress, by improving
the physical characteristics and water content of date
fruits at different stages. BR in concentrations of 0.5
and 1 µmol improved the fruits characteristics of date
palms under drought stress.
Acknowledgements

Authors thank the Editor-in-Chief and learned
referees for their fruitful comments and suggestions to
improve the quality of this reaearch article.

Effect of Brassinosteroid on some of the Physico-chemical Characteristics of Date Palm Fruits 1315



References
Al-Asadi, A.Z., A.H. Abdulwahid and A.M. Al-Mayahi (2019).

The effect of thidiazuron on callus and in vitro shoots
development of date palm (Phoenix dactylifera L.) cv.
Barhee. Basrah J. Agric. Sci., 32, 258-265.

Alleweldt, G., R. Eibach and E. Ruehl (1982). Untersuchungen
zum Gaswechsel der Rebe. I. Einfluß von Temperatur,
Blattalter und Tageszeit auf Nettophotosynthese und
Transpiration. Vitis.

Altaey, D.K. and Z. Majid (2018). The activity of antioxidants
enzymes and NPK contents as affected by water qaulity,
kinetin, bio and organic fertilization in lettuce (Lactuca
sativa L.). The Iraqi J. Agric. Sci., 49(3), 506-518.

Castañeda-Murillo, C.C., J.G. Rojas-Ortiz, A.D. Sánchez-
Reinoso, C.C. Chávez-Arias and H. Restrepo-Díaz (2022).
Foliar brassinosteroid analogue (DI-31) sprays increase
drought tolerance by improving plant growth and
photosynthetic efficiency in lulo plants. Heliyon, 8(2),
e08977.

Chemists, A.O.O.A. and W. Horwitz (1975). Official Methods
of Analysis. Association of Official Analytical Chemists.
Washington, DC.

Clouston, B. (2013). Landscape Design with Plants. Newnes.

Divi, U.K. and P. Krishna (2009). Brassinosteroid: a
biotechnological target for enhancing crop yield and
stress tolerance. New Biotechnology, 26(3-4), 131-136.

Elshibli, S., E.M. Elshibli and H. Korpelainen (2016). Growth
and photosynthetic CO2 responses of date palm plants
to water availability. Emirates J. Food Agric., 28(1), 58-
65.

Fathi, A. and D.B. Tari (2016). Effect of drought stress and its
mechanism in plants. Int. J. Life Sci., 10(1), 1-6.

Hamza, O.M. and D.K. AL-Taey (2020). A study on the effect
of Glutamic acid and benzyl adenine application upon
growth and yield parameters and active components of
two broccoli hybrids. Int. J. Agricult. Stat. Sci.,
16(Supplement 1), 1163-1167.

Hussain, A.J. and D. AL-Taey (2020). Study of the Effect of
Selenium and SiO2 addition on some Growth Parameters
of Rocket (Eruca sativa Mill.) under Water Stress. Plant
Archives, 20(1), 3594-3598.

Ibrahim, K.M. (2010). The role of date palm tree in
improvement of the environment. IV International Date
Palm Conference.

Ibrahim, M., A.H. Ali and M.S. Hashem (2021). In vitro effects
of cyanobacteria (Oscillatoria tenuis) extracellular
products on date palm (Phoenix dactylifera L. cv.
‘Barhee’) propagation. DYSONA-Applied Science, 2(1),
1-7.

Idder-Ighili, H., M.A. Idder, B. Doumandji-Mitiche and H.

Chenchouni (2015). Modeling the effects of climate on
date palm scale (Parlatoria blanchardi) population
dynamics during different phenological stages of life
history under hot arid conditions. Int. J. Biometeorol.
59(10), 1425-1436.

Jager, C.E., G.M. Symons, J.J. Ross, J.J. Smith and J.B. Reid
(2005). The brassinosteroid growth response in pea is
not mediated by changes in gibberellin content. Planta,
221(1), 141-148.

Kahlaoui, B., M. Hachicha, E. Misle, B. Hanchi and J. Teixeira
(2014). Improvement of Crop Production under Saline
Stress by a Biohydraulic Approach. In: Ahmad, P., Wani,
M., Azooz, M., Tran, LS. (eds) Improvement of Crops in
the Era of Climatic Changes. Springer, New York, NY.
https://doi.org/10.1007/978-1-4614-8830-9_10

Karim, S.A., S.A. Qadir, S. A. and H.A. Sabr (2020). Study
some of morphological and physiological traits of
Kurrajong Brachychiton populneus (Schott & Endl.)
seedlings planted under water stress conditions. Basrah
J. Agric. Sci., 33(1), 213-220.

Khamsuk, O., W. Sonjaroon, S. Suwanwong, K. Jutamanee
and A. Suksamrarn (2018). Effects of 24-epibrassinolide
and the synthetic brassinosteroid mimic on chili pepper
under drought. Acta Physiologiae Plantarum, 40(6), 1-
12.

Khatoon, F., M. Kundu, H. Mir and S. Nahakpam (2021).
Efficacy of foliar feeding of brassinosteroid to improve
growth, yield and fruit quality of strawberry (Fragaria×
ananassa Duch.) grown under subtropical plain.
Commun. Soil Sci. Plant Anal., 52(8), 803-814.

Khatoon, F., M. Kundu, H. Mir, K. Nandita and D. Kumar
(2020). Foliar feeding of brassinosteriod: A potential tool
to improve growth, yield and fruit quality of strawberry
(Fragaria × ananassa Duch.) under non-conventional
area. Int. J. Curr. Microbiol. Appl. Sci., 9(3), 733-741.

Kumar, S., S. Sachdeva, K.V. Bhat and S. Vats (2018). Plant
Responses to Drought Stress: Physiological,
Biochemical and Molecular Basis. In: Vats, S. (eds) Biotic
and Abiotic Stress Tolerance in Plants. Springer,
Singapore. https://doi.org/10.1007/978-981-10-9029-5_1

Kumari, S. and A. Thakur (2019). The Effects of Water Stress
and Brassinosteroid on Apple Varieties. Int. J. Econ.
Plants, 6(1), 1-6.

Mahmood, S.S., S.M. Taha, A.M.T. Al Waeli and D.K.A. AL-
Taey (2020). Integrated agricultural management of saline
soils of Sowaira, Wasit governorate. Int. J. Agricult.
Stat. Sci., 16(1), 113-119.

Matusmoto, T., K. Yamada, Y. Yoshizawa and K. Oh (2016).
Comparison of effect of brassinosteroid and gibberellin
biosynthesis inhibitors on growth of rice seedlings. Rice
Science, 23(1), 51-55.

1316 Khudhair M. Al-kanany et al.



Mutlak, N. (2019). Effect of salt stress and drought on
production of linoleic and oleic acids of safflower callus.
Int. J. Agricult. Stat. Sci., 15(2), 617-620.

Pérez-Borroto, L.S., L. Toum, A.P. Castagnaro, J.L. González-
Olmedo, F. Coll-Manchado, E.M. Pardo and Y. Coll-García
(2021). Brassinosteroid and brassinosteroid-mimic
differentially modulate Arabidopsis thaliana fitness
under drought. Plant Growth Regulation, 95(1), 33-47.

Ratnakumar, P. and V. Vadez (2011). Groundnut (Arachis
hypogaea) genotypes tolerant to intermittent drought
maintain a high harvest index and have small leaf canopy
under stress. Functional Plant Biology, 38(12), 1016-
1023.

Roghabadi, M.A. and Z. Pakkish (2014). Role of
brassinosteroid on yield, fruit quality and postharvest
storage of Tak Danehe Mashhad’sweet cherry (Prunus
avium L.). Agricultural Communications, 2(4), 49-56.

Stöckle, C.O., M. Donatelli and R. Nelson (2003). CropSyst, a
cropping systems simulation model. Europ. J. Agron.,
18(3-4), 289-307.

Symons, G.M., C. Davies, Y. Shavrukov, I.B. Dry, J.B. Reid
and M.R. Thomas (2006). Grapes on steroids.
Brassinosteroids are involved in grape berry ripening.
Plant Physiology, 140(1), 150-158.

Taiz, L. and E. Zeiger (1998). Plant Physiology, 2nd Edition.
Sinauer, Sunderland, Massachussets.

Effect of Brassinosteroid on some of the Physico-chemical Characteristics of Date Palm Fruits 1317


