Al-Azhar Journal of Agricultural Research V. (47) No. (1) June (2022) 159-171 khater et al.

Seasonal variation in Photosynthetic Pigments, Phytohormones, and phenols of
Teucrium Polium L. Growing in Wadi Halazien, Egypt

A. K. Khater'*, Taghried M. El-Lamey? H. A. El-khamissi!, M. M. Eldanasoury!

1 Department of Agriculture Biochemistry, Faculty of Agric. Al-Azhar University, Cairo, EQypt.
2 Department of plant Ecology and Ranges, Desert Research Center, Cairo, EQypt

* Corresponding author E-mail: akassem@azhar.edu.eg (A. Khater)

ABSTRACT

Teucrium polium L. known popularly as felty germander, is a perennial plant that grows in the dry
climate of the Mediterranean region. It's a seasonal dimorphic plant, and it appears quite different in
the winter than it does in the summer. The plant's apparent seasonal transformation reflects its
adaptability to the stressful climatic conditions prevailing in winter or summer. Thus, this study
aimed to investigate the effect of seasonal changes on photosynthetic pigments, phytohormones, and
phenols of Teucrium polium L. that grows in Egypt. Results showed that the content of chlorophyll
was significantly decreased in summer, while the content of carotenoids were significantly increased
with stress. Production of some organic compounds was significantly affected by seasons and
significantly increased under stress conditions in the summer. In conclusion, the tolerance of Teucrium
polium L. to stress conditions was closely associated with the production of organic compounds, such
as carbohydrates, proline, and phenolic compounds. Total carbohydrates and proline were the main
active components in the osmotic potential (¥s) in Teucrium polium L. In the dry season, Teucrium
polium L. exhibited the accumulation of Abscisic acid (ABA), which may alleviate the inhibitory effect
of salinity on photosynthesis. Higher values of phenols, carotenoids, and proline under stress
conditions may improve tolerance of Teucrium polium L. to oxidative stress and help in scavenging the
free radicals under stress conditions. Further studies are recommended to investigate the possibility of
increasing the resistance of economic crops to drought and/or salinity stress by increasing the
synthesis of osmotically active solutes through genetic engineering techniques.
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INTRODUCTION of the drying .of thg soil- in hot summers and
1t's re-wetting in moist winters.

The Mediterranean Basin was considered a
hotspot region of global biodiversity (Cuttelod
et al, 2009). There is a great number of
flowering plants that grow in this region due
to the wvariation in habitat and climatic
conditions (Médail, 2017). Although the soil in
this region is classified as poor soil with low
fertility, Mediterranean plants could survive in
different ecological conditions.

The genus Teucrium belongs to the family of
Lamiaceae. This family is well represented in
the Mediterranean area and in Britain It
includes 200 genera and 3300 species:
aromatic, annual, or perennial herbs or under
shrubs (Evans, 2009). Species of the genus
Teucrium are rich in essential oils, saponins,
sterols, phenols, flavonoids, alkaloids
(Karamanoli et al, 2000), and fatty acids

Many plants when are stressed by drought, (Bakari et al., 2015). These compounds have
they exhibit different responses to improve the been known for their effects on plant defense
uptake of water. The early response to stress activities (Harborne et al., 1986).

conditions includes the closure of stomata, a
decrease in vegetative growth, and a
photosynthetic rate (Lawlor and Tezara, 2009
and Chaves et al., 2009). The most adaptive
mechanism in desert plants to withdraw water
from the soil is an osmotic adjustment, which
helps to maintain plant water potential lower
than the surrounding medium. Osmotic
adjustment helps maintain cell swelling by
accumulating solutes that help in reducing the
negative effects of water stress in most of the
phenological stages of crop growth. (Subbarao
et al, 2000). Mediterranean plants are often
exposed to varying soil conditions, as a result

Teucrium polium is a seasonally dimorphic
plant, which appears quite differently in
winter and summer (Djabou et al., 2012). The
apparent seasonal transformation of the plant
reflects its adaptation to the stressful climatic
conditions prevailing in winter or summer.
Investigating the adaptation mechanism of
naturally adapted plants can help identify
metabolic products associated with improved
performance under drought stress. Therefore,
this study aimed to investigate the effect of
seasonal changes on photosynthetic pigments,
phytohormones, and phenols of Teucrium
polium L. growing in wadi Halazien, Egypt.
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MATERIALS AND METHODS
Materials
Plant material

Arial parts of the Teucrium polium L. plant
were collected from Wadi Halazien, Northwest
coast at Matrouh Governorate, Egypt in
February and July 2016. In the herbarium of
Desert Research Center, the plant was
authenticated and identified.

Reagents and chemicals

Reagents and chemicals that used in this
study were ethanol, methanol, acetone, NaOH,
HCl (ADWIC, Egypt), sulfosalicylic acid
(Techno Pharm Chem, India), Folin reagent
(Alpha Chemica, India), Gallic acid, quercetin
and ascorbic acid (Sigma-Aldrich, Germany).

Ecological studies
Climatic Factors:

The Meteorological data of temperature
and rainfall were obtained from the Applied
Agricultural ~ Meteorological ~ Laboratory,
Desert Research Center (DRC) during the
study period.

Soil analysis:

Soil samples were collected from two
depths (0-20 cm) and (20-40 cm) in Wadi
Halazien. The physical properties of soil
including electrical conductivity (EC) and pH
of the soil-water suspension (1:2.5) were
determined according to (Gee and Bauder,
1986). The contents of Na and K in the soil
solution were measured using a flame
photometer (Jenway, PFP-7), while Chloride
(Cl) content was determined acceding to
(Jackson, 1967). The concentrations of
carbonate (COs) and bicarbonate ions (HCOs),
magnesium (Mg), and calcium (Ca) in the soil
solution were determined according to
(Rowell, 1994).

Physiological studies
Plant water content

The percentage of plant water content (WC)
was estimated according to the method
described by (Rybak-Chmielewska, 2003).

x 100

Fresh wt. — Dry wt.

Plant water content (%) = ——————— 7=
Dry wt.

Determination of inorganic (ash) and organic

matters

A known weight of the dried sample (2g)
was weighed in a porcelain crucible and
placed in a temperature-controlled muffle
furnace at 550°C for 6 hrs. until a constant
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weight was obtained. The percentage of ash
was calculated on a dry weight basis according
to (Momin and Kadam 2011) then Organic
matter and Ash contents were calculated
according to the following equations:

The organic matter content = (wt. of
crucible + plant sample) - (wt. of the crucible +
plant ash)

. wt. of organic matter
The organic matter (%) =———torc 202

100

wt. of dry plant

Ash content = (wt. of crucible + plant ash) —
wt. of empty crucible
Ash (%) =

wt. of ash 100

wt. of dry plant
Determination of photosynthesis pigments

The concentrations of chlorophyll-a (Chl.a),
chlorophyll-b (Chl.b), and carotenoids were
determined according to (Sumanta ef al., 2014).
Half gram of fresh leaf was homogenized with
10 ml of 80% Acetone and then centrifuged for
15 min at 10,000 rpm at 40°C.4.5 ml of solvent
that was mixed with 0.5ml of the resulting
supernatant. Absorbance was read at 663, 644,
and 4525 nm using (Unicam UV300
spectrophotometer). The content  of
Chlorophyll-a, Chlorophyll-b, and Carotenoids
were calculated according to the following
equations:

Chl.a=12.25 A663.2 —2.79 A646.8
Chl.b =21.5 A646.8 — 5.1 A663.2

C (x+c) = (1000A470 — 1.82 Chla — 85.02
Chlb) /198

Where: A = Absorbance, Chl.a = chlorophyll
a, Chlb = chlorophyll b, and C (xtc) =
carotenoids. The results were expressed as

(1g/g)-
Plant Chemical Analysis

Preparation of samples

The aerial parts of plant samples were dried
in the oven at 60 °C and ground to a fine
powder, then subjected to chemical analyses.

Mineral Analysis

The dried samples (0.5g) were digested
with 10ml concentrated sulfuric acid and 2-4
ml of perchloric acid. The mixture was heated
until the mixture become clear. The solution
was allowed to cool, then diluted with distilled
water to 100ml and used for mineral analysis
(Baker and Smith, 1974). The contents of Ca,
Mg, K, and Na in this solution were
determined according to (Rowell, 1994).
Whereas the contents of P and Cl were
determined in the ashed powder, that resulted
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from ashing the dry plant in porcelain
crucibles for 4-6 hours in a muffle furnace at
550, part of ashed powder was used to
measure the content of phosphorus by using
phosphomolybdate methods (Rowell, 1994).
While the other part was used to measure
chloride content according to (Jackson and
Thomas, 1960). The nitrogen (N) content of the
sample was determined according to (Kjeldahl,
1983) and crude protein was calculated by
multiplying the total content of nitrogen with
the traditional conversion factor of 6.25 (James,
1995).

Determination of total Carbohydrates

The total carbohydrates content was
determined according to phenol-sulfuric acid
assay (Buysse and Merck, 1993). 0.3 gm of
plant powder was dissolved in 10ml of 3%HCI
to extract total carbohydrates and heated for a
period of 2-5 hrs at 100 °C in a sealed tube.
Glucose was used as standard.

Determination of free proline

The proline content was determined
according to (Bates et al, 1973). A known
weight of dried samples (0.5gm) was

homogenized in 10 ml of 30% sulfosalicylic
acid, the homogenate was centrifuged and the
supernatant was combined. Two ml of the
filtrate was mixed with an equal volume of
acetic acid ninhydrin reagent and incubated
for l1hour at 100 © C. The reaction was stopped
by incubating the tube in an ice bath and
extracted with 4ml toluene. After 50min the
light absorption of the toluene phase was
estimated at 520nm. Proline concentration was
determined using a standard curve of L-
proline.

Determination of plant phytohormones

The plant hormones: gibberellic acid (GA),
indole acidic acid (IAA), abscisic acid (ABA),
and Zeatin were determined by reversed-
phase high-performance liquid
chromatography (HPLC) (Kelen et al., 2004).

Extraction procedure

Ten grams of fresh plant sample were
homogenized in 70% methanol and stirred at
4°C overnight. The extract was filtered and
evaporated under a vacuum. 0.1M phosphate
buffer was used to adjust the aqueous phase
pH was adjusted to 8.5 and partitioned twice
using ethyl acetate. The phase of ethyl acetate
was discarded, and the aqueous phase pH was
adjusted to 2.5 using 1IN hydrochloric acid
(HCI). The extract of phytohormones was
partitioned three times with diethyl ether.
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Then the phase of diethyl ether was dried
under vacuum, then dissolved in 1 ml
methanol, and stored at 4 °C for further
analysis. The extracted phytohormones were
analyzed by HPLC (Shimadzu) on reverse
phase C18 column (250 x 4.60mm) at the
temperature of 25 ©°C. Separation and
quantitation were carried out with a mobile
phase of acetonitrile: water (26: 74) and 30mM
phosphoric acid. The pH was adjusted to 4
using 1N sodium hydroxide acid. A constant
flow rate of 0.4 mL/min was used for analyte
separation and the elution of the
phytohormones at 208, 265, 270, and 280 nm
(Kelen et al., 2004).

Determination of total phenolic content

The content of total phenolics was
determined using the Folin—Ciocalteu method
as described by (Attard, 2013). Phenolic
compounds were extracted by dissolving 2
grams of plant sample in 100ml of 80%
ethanol. In a 96-well microplate, 10 uL of the
sample was mixed with 100 uL of (1:10)
diluted reagent of Folin-Ciocalteu and kept in
dark for 20 minutes after adding 80 pL of 4 N
Na2COs. At the end of incubation time, the
absorbance of the blue complex color was
measured at 630 nm. The results were
expressed as milligrams gallic acid equivalent
per gram dry weight (mg GAE/g DW).

Statistical analysis

The statistical differences among means
were conducted in triplicates. SPSS software
(19.0, SPSS Inc. Chicago, IL, USA) was used to
analyze the data. Duncan’s test (at 5% level of
probability, p < 0.05) was used to evaluate the
statistical differences among means.

RESULTS AND DISCUSSIONS
Plant description

Teucrium polium L. Fig.1, is a shrublets with
racemose or head-like terminal inflorescences
and small leaves. Corolla white, pale mauve,
or greenish-yellow, with all the 5 lobes joined
into a lower limb. Stem white-felty, but
shrubby only at base, branches softer
herbaceous, leaves typically revolute-
margined, heads 10-15 mm. across. plant
continuing to live from year to year; here in the
sense of herbaceous plants (perennial).
Distributed in the mountains, hills, and deserts
of the Mediterranean regions and considered
one of the most useful traditional medicinal
plants in Egypt, Palestine, and other Middle
Eastern countries (Tackholm, 1974).
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Description of the study area and climatic
data

Wadi Halazien is a rocky wadi located at
the Northwest coast of Matrouh Governorate,
Egypt at a distance of about 40 km west of
Matrouh city at latitudes of 31° 25' 21" N and
longitudes of 26° 51' 43" E. Egypt's northern
coast region extends around 1000 kilometers
along the Mediterranean Sea and 30 kilometers
inland (Tilbury, 1995) and highly variable
environmental conditions from extremely low
to high temperatures. These episodic
variations in temperature significantly affect
the medicinal properties of the plants. The
distribution of main annual rainfall in Egypt
shows a maximum rate over the
Mediterranean coast with a rapid decrease
toward the south.

As shown in table 1 average annual rainfall
was 150 mmy/year. The dry period extended to
six months (from April to September). The
driest month is July. There is 0 mm of
precipitation in July. Most precipitation falls in
January, with an average of 36 mm. The
average high temperature during winter
fluctuated between 18-20 °C, the average
temperature is 13.1 °C in January. The highest
average temperature of 25.3 °C was recorded
in August, as it is considered the warmest
month.

Soil physical and chemical properties

Physicochemical characters of Wadi
Halazein soils were represented in table 2. The
soil texture was loamy sand in the first depth
(0-20 cm) and loam in the second depth (20-40
cm). The percentages of sand, silt, and clay in
the first depth were (80.63 %, 16.67 %, and 2.70
%, respectively), while in the second depth,
their percentages were 46.45 %, 41.30 %, and
12.25 %, respectively. The percentage of soil
moisture content at first depth was 5.65 % in
the winter season and 2.80% in the summer
season and slightly increased to 6.25% and
3.56%, respectively.

The high content of soil moisture in the
second depth may be due to the high value of
rainfall during winter and high water-holding
capacities as a result of high silt and clay
contents.

As shown in table 3, the pH values
fluctuated in the basic range. Generally, no
significant differences in soil pH due to depth
changes were noticed. The lowest pH value of
(8.44) was recorded in the second depth and
the highest value of (8.80) in the first depth.
Electric conductivity values were (1.02 dsm
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and 3.36 ds/m) in first and second depths,
respectively. The highest values of calcium
(4.85 meq’), magnesium (5.15 meq'), and
sodium (21.84 meq') were detected in the
second depth when compared with the first
depth, while the highest value of potassium
was in the first depth. The content of
bicarbonate was 1.94 and 1.60 meq”, while the
percentage of total calcium carbonate (CaCOs)
was 26.75% in the first depth and 27.50% in the
second depth. The presence of high
percentages of silt and clay particles makes
carbonate more active, which may cause a
decrease in the availability of phosphorus,
manganese, copper, and zinc (Moore, 2004).

According to (Poodeh and Mojri, 2012), the
presence of an excessive amount of salts
resulted in salinity, the salts that cause salinity
are generally chloride, sodium, calcium, and
magnesium. These salts affect plant growth by
decreasing the osmotic potential of soil, which
leads to a decrease in plant water uptake.

Effect of season on photosynthetic pigments

As shown in table 4 and Fig.2, under stress
conditions in the summer season, the content
of Chl.a was decreased significantly (p<0.05)
from 82.43+2.37 to 65.41+0.62 pg/g in winter,
While Chlb content was not significantly
affected by seasons. In contrast, the content of
carotenoids differed significantly between
seasons, with its value tending to increase
significantly due to stress. The ability of
Teucrium polium L to maintain a high content
of carotenoid gives the plant a competitive
trait that makes it more adaptable to the desert
environment, due to the capacity of carotenoid
to quenching of O: and peroxyl radicals
(Demmig-Adams, 1996), which  helps
protecting from photo-oxidative damage
during environmental stresses. Whereas the
ratio of Chla to Chlb was slightly decreased
under stress conditions, the reduction in
chlorophyll a/b under drought stress was also
reported in some plants like tomato plants,
wheat, and sunflower (Ghorbanli et al., 2013;
Pastori and Trippi, 1993 and Synerri et al,,
1993).

Effect of season on plant water content, ash,
and organic matter contents

As shown in table 5 and Fig.3, the plant
water content was significantly higher (p <
0.05) in winter when compared with summer,
as its value was 41.77+0.44 g/100g in winter,
while in summer it was 25.79+2.26 g/100g.
Reducing the water content is the first effect of
drought on plants (Farooq et al., 2009), which
causes a reduction in the leaf water potential
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and close of stomata (Arbona et al., 2013 and
Sapeta et al., 2013).

Ash content was significantly higher (p <
0.05) in the winter sample when compared
with the summer sample, its value was
33.44+3.50 g/100g in winter and decreased to
22.67 +2.19 g/100g in summer. Whereas the
content of organic matter was significantly
higher (p < 0.05) in the summer sample when

compared with the winter sample.
Effect of season on the content of Minerals

As shown in table 6 the contents of
nitrogen, potassium, calcium, and magnesium
were significantly different between seasons (p
< 0.05), their values were significantly lowered
in the dry season, while the contents of
phosphorus, sodium, and chloride were not
significantly affected by seasonal variation.
These results are agreed with (Akhtar and
Nazir, 2013), who reported that water
deficiency affects the content of plants from
minerals and the homeostasis of ions in plant
cells. Similarly, (Aroca, 2012), found that
drought stress limits the availability of total
nutrients in the soil, reduces the roots nutrient
uptake, and consequently reduces their
concentrations in plant tissues. The significant
decrease in K+, Ca?* and Mg?* Teucrium polium
L. could be attributed to the high proportion of
silt and clay in the root-associated soil particles
in the rhizosphere, which increased the
activity of calcium carbonate and reduced the
absorption of nutrients.

Effect of season on the contents of total

carbohydrates, protein, and proline

The obtained results from table 7 indicated
that the content of total carbohydrates content
was significantly different between seasons (p
< 0.05). Its values were 24.21+0.98 g/100g in
winter and increased significantly to 32.89+2.47
g/100g in the summer season. The high
contents of total carbohydrates in plants under
stress conditions may assist in the maintenance
of turgor and help to enhance drought
tolerance as reported by (Sayed et al., 2013).
The main role of carbohydrates in stress relief
includes osmoprotectant, carbon storage, and
scavenging of reactive oxygen species (Gupta
and Huang, 2014).

The content of protein also showed a
significant difference between seasons, its
value was decreased significantly by stress.
Decreased rate of protein synthesis with stress
has been reported by others (Vyas et al., 1996;
Al-Jebory, 2012), which is one of the essential
metabolic processes that may affect tolerance
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to water stress (Jiang and Huang, 2002).
According to (Farooq et al., 2009), the quantity
and quality of plant proteins were significantly
affected by drought stress. Due to the
suppression of their synthesis and the changes
in gene expression under stress conditions
(Bernacchia and Furini, 2004).

Similarly, the content of proline was
significantly different between seasons (p <
0.05). Proline content showed a significant
increase in the dry season, its value was
increased significantly from (3.67+0.34) in
winter to (6.02+0.35 mg/g DW) in the dry
season. The results of this study agree with
other investigations (Behnamnia et al., 2009;
Zhang et al., 2006). Several studies have
reported the accumulation of proline in plants
under stress conditions as a primary defense
response to maintain osmotic balance in the
cell (Mansour et al, 2005; Desingh and
Kanagarai, 2007) as reported in Pennisetum
glaucum (Sneha et al.,2013), Triticum aestivum
(Tammam et al.,, 2008) and in olive cultivars
(Olea europea L.) (Bacelar et al., 2009).

Treatment of rice seeds with 1 mM proline
improved the growth of their seedlings during
salt stress (Deivanai et al, 2011). It also
enhanced the tolerance for salt in olive by
improving the activity of some antioxidant
enzymes, photosynthetic activity, and growth
of plants as well as maintaining the water
uptake under salinity conditions (Ben Ahmed
et al., 2010). Similarly, the tolerance for salt in
Nicotiana tabacum has been improved by
increasing the activity of enzymes involved in
the antioxidant defense system (Hoque et al.,
2008).

The intracellular proline not only acts as a
compatible osmolyte but also serves as a
source of organic carbon, nitrogen, and energy
during stress recovery (Sairam and Tyagi,
2004). Moreover, it is accumulated in the
cytosol and chloroplasts which may contribute
to protecting proteins, membranes, and
enzymes from stress. It may also contribute to
the alleviation of cytoplasmic acidosis
necessary to maintain the NADP‘/NADPH
ratio (Hoque et al., 2008).

The higher accumulation of total
carbohydrates and proline in the dry season
could have been one of the important factors in
the adaptation of Teucrium polium L to stress
conditions.

Effect of season
phytohormones

on the content of
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As shown in (Table 8), the content of
growth-promoting hormones, gibberellic acid
(GAs), indole acetic acid (IAA), and zeatin
reached the maximum values of (5.29, 2.68,
and 1.98 g /g respectively) in the wet season,
while the concentration of stress hormone,
ABA reached the maximum value of (1.30 ug
/g) in the summer season. The decrease in the
concentration of IAA and increase in ABA
concentration may be due to the plants being
exposed to drought stress, as the drought
period was extended to four months. Abscisic
acid (ABA) is one of the most potent hormones
in the plant's response to drought stress. After
plants are exposed to drought, ABA is
synthesized in the roots and transmitted to
shoots, especially leaves Moreover, water
stress  stimulates ABA  formation in
chloroplasts (Bhargava and Sawant, 2013). The
same effects of environmental stresses on the
concentration of auxin, cytokinin, and abscisic
acid have been reported in rice plants (Nilsen
and Orcutt, 1996) and soybean (Dong et al.,
2019). Salinity and water deficit increased ABA
production in shoot and root, the accumulation
of ABA can alleviate the inhibitory effect of
salinity on photosynthesis, growth. The
positive relationship between ABA
accumulation and salinity tolerance has been
partially attributed to the accumulation of
compatible solutes, such as proline and sugars,
in cell vacuoles (Gupta and Huang, 2014).
(Heidari and Moaveni, 2009) found a close
correlation between the accumulation of
proline and ABA in different species of Zea
mays under drought stress.

Effect of season on the total phenolic
compounds

As shown in (Table 9), the content of total
phenolic  compounds was significantly
different between seasons. Its value was
significantly increased from 14.03+0.33 in
winter to 17.22+1.04 (mg GA/g DW) in the dry
season. It is generally known that phenolic
compounds act as a protective substance
against the negative effects of stress. As they
can scavenge reactive oxygen and free radicals.
(Caillet et al., 2006; Amarowicz and Weidner
2009). Moreover, they can form complexes
with the metals which catalyzed oxygenation
reaction and cause the inhibition of the activity
of oxidizing enzymes (Sokét-Letowska 1997).

CONCLUSION

A naturally adapted Teucrium polium L.
growing in the semi-arid Mediterranean
coastal area of Marsa Matrouh was studied for
its adaptive mechanism and effect of seasonal

khater et al.

variation on  photosynthetic = pigment,
phytohormones, minerals, phenolic acid, total
carbohydrates, and proline.

The obtained results indicated that the
contents of  photosynthetic ~ pigments,
phytohormones, and total phenolic
compounds were significantly affected by
seasonal variation in climatic conditions. The
content of carotenoid was significantly
increased in the dry season, while the content
of Chl . was significantly decreased by stress.

The depletion of soil fertility in the
Mediterranean region and high proportions of
silt and clay in the root-associated soil particles
in the rhizosphere increased the activity of
calcium carbonate and reduced the absorption
of nutrients, thus lowering the mineral content
of Teucrium polium L.

The obtained results showed that the stress
conditions in the dry season caused an
increase in the total carbohydrate and proline
content in Teucrium polium L., which may act in
osmotic adjustment. The production of ABA
was increased in the dry season; the
accumulation of ABA can mitigate the
inhibitory effect of salinity on photosynthesis,
growth. The positive relationship between
ABA accumulation and stress tolerance has
been partially attributed to the accumulation
of compatible solutes, such as proline and
sugars, in cell vacuoles

Teucrium polium L. could tolerate the period
of water stress through the production of
compatible osmolytes, such as carbohydrates
and proline to decrease osmotic potential and
maintain the uptake of water.

Higher values of phenols, carotenoids, and
proline under stress conditions may be
responsible for the improved tolerance of
Teucrium polium L. to oxidative stress, reduced
levels of free radicals, and protection of plant
tissues from their harmful effects.

Further studies are recommended to
investigate the possibility of increasing the
resistance of economic crops to drought and/or
salinity stress by increasing the synthesis of
osmotically active solutes. Through genetic
engineering techniques.

REFERENCES

Akhtar, 1., Nazir, N. 2013: Effect of waterlogging

and drought stress in plants. International
Journal of water resources and environmental
sciences. 2(2), 34-40.

Al-Jebory E.I. 2012: Effect of water stress on

carbohydrate metabolism during Pisum



Al-Azhar Journal of Agricultural Research V. (47) No. (1) June (2022) 159-171 khater et al.

sativum seedlings growth. Euphrates Journal
of Agriculture Science. 4(4), 1-12.

Amarowicz, R.,, Weidner, S. 2009: Biological
activity of grapevinephenolic compounds. In:
Roubelakis-Angelakis KA (ed) Grapevine
molecular physiology and biotechnology, 2nd
edn. Springer, New York, pp 389—405. Doi:
10.1007/978-90-481-2305-6_14

Arbona, V. Manzi, M., Ollas, C.D. Gobémez-
Cadenas, A. 2013: Metabolomics as a tool to
investigate  abiotic  stress tolerance in
plants. International journal of molecular
sciences, 14(3), 4885-4911.

Aroca, R. 2012: Plant responses to drought
stress. From morphological to molecular
features. Berlim: Springer-Verlag.

Attard, E. 2013: A rapid microtitre plate Folin-
Ciocalteu method for the assessment of
polyphenols. Open Life Sciences, 8(1), 48-53.

Bacelar, A.E., Moutinho-Pereira, J.M., Goncalves,
B.C, Lopes, ]I, Correia, CM. 2009:
Physiological responses of different olive
genotypes to drought conditions Acta. Physiol
Plant. 31(3), 611-621.

Bakari, S., Ncir, M., Felhi, S., Hajlaoui, H., Saoudi,
M., Gharsallah, N., Kadri, A. 2015: Chemical
composition and in vitro evaluation of total
phenolic, flavonoid, and antioxidant properties
of essential oil and solvent extract from the
aerial parts of Teucrium polium grown in
Tunisia. Food Science and
Biotechnology, 24(6), 1943-1949.

Baker, A.S. Smith, R.L. 1974: Preparation of
solutions for atomic absorption analysis of Fe,
Mn, Zn and Cu in plant tissue. Journal of
Agriculture and Food Chemistry. 22, 103.

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

Behnamnia, M., Kalantari, K.M., Ziaie, J. 2009: The
effects of brassinosteroid on the induction of
biochemical  changes in  Lycopersicon
esculentum under drought stress, Turk J Bot.
33,417-428.

Ben Ahmed, C. Ben Rouina, B. Sensoy, S.,
Boukhriss, M., Ben Abdullah, F. 2010:
Exogenous proline effects on photosynthetic
performance and antioxidant defense system
of young olive tree. Journal of Agricultural and
Food Chemistry. vol. 58, no. 7, pp. 4216-4222.

Bernacchia, G., Furini, A. 2004: Biochemical and
molecular responses to water stress in
resurrection plants. Physiol. Plant.121: 175-
181.

Bhargava, S., Sawant, K. 2013: Drought stress
adaptation:  metabolic  adjustment and
regulation of gene expression. Plant breeding.
132(1), 21-32.

Buysse, J., Merck, X.R. 1993: An improved
colorimetric method to quantify sugar content
of plant tissue. Journal of Experimental
Botany. 44 (267), 1627-1629.

Caillet, S., Salmieri, S., Lacroix, M. 2006:
Evaluation of free radical-scavenging
properties of commercial grape phenol extracts
by a fast colorimetric method. Food Chem., 95:
1-8.

Chaves, M.M., Flexas, ], Pinheiro, C. 2009:
Photosynthesis under drought and salt stress:
regulation mechanisms from whole plant to
cell. Annals of Botany. 103, 551-560.

Cuttelod, A., Garcia, N., Abdul Malak, D.,
Temple, H.J., Katariya, V. 2009: The
Mediterranean: a biodiversity hotspot under
threat. Wildlife in a Changing World-an
analysis of the 2008 IUCN Red List of
Threatened Species, 89.

Deivanai, S., Xavier, R., Vinod, V., Timalata, K.,
Lim, O.F. 2011: Role of exogenous proline in
ameliorating salt stress at early stage in two
rice cultivars. Journal of Stress Physiology &
Biochemistry, vol. 7, pp. 157-174.

Demmig-Adams, B., Adams, W.W.LL 1996: The
role of xanthophylls cycle carotenoids in the
protection of photosynthesis. Trends in Plant
Science. 1: 21-26.  DOI: 10.1016/S1360-1385
(96)80019-7

Desingh, R., Kanagaraj, G. 2007: Influence of
salinity =~ stress on photosynthesis and
antioxidative systems in two cotton varieties.
Gen. Applied Plant Physiol. 33, 221-234.

Djabou, N. 2012: Caract’erisation et variabilit'e
des plantes ‘a parfum aromatiques et
m’edicinales de Corse et de 1'Ouest alg’erien.
Chimie organique. Universit'e Pascal Paoli;
Universit'e de Tlemcen, 2012. Fran,cais.

Djabou, N., Muselli, A., Allali, H., Dib, B., Tabti,
M.A., Varesi, L., Costa, J. 2012: Chemical and
genetic diversity of two Mediterranean
subspecies of Teucrium polium
L.Phytochemistry 83:51-62.Doi:
10.1016/j.phytochem.2012.05.019

Dong, S., Jiang, Y., Dong, Y., Wang, L., Wang, W.,
Ma, Z., Yan, C, Ma, C,, Liu, L. 2019: A study
on soybean responses to drought stress and
rehydration. Saudi Journal of Biological
Sciences. 26: 2006.2017. doi:
https://doi.org/10.1016/j.sjbs.2019.08.005

Evans, W.C. 2009: Trease and Evans
Pharmacognosy 16th edition Edinburgh,
London New, York pp26, 604 Elsevier.

Farooq, M., Wahid, A. Kobayashi, N.SM.A.,
Fujita, D.B.S.M.A., Basra, S.M.A. 2009: Plant
drought stress: effects, mechanisms and
management. Sustainable agriculture, 153-188.

Gee, G.W., Bauder, JW. 1986: Particle-Size
Analysis. In: Klute, A., Ed., Methods of Soil

165



Al-Azhar Journal of Agricultural Research V. (47) No. (1) June (2022) 159-171

Analysis, Part 1. Physical and Mineralogical
Methods, Agronomy Monograph No. 9, 2nd
Edition, American Society of Agronomy/Soil
Science Society of America, Madison, WI, 383-
411.

Ghorbanli, M., Gafarabad, M., Amirkian, T.,
Mamaghani, A.B. 2013: 'Investigation of
proline, total protein, chlorophyll, ascorbate
and dehydro ascorbate changes under drought
stress in Akria and Mobil tomato cultivars'.
Iranian Journal of Plant Physiology. 3 (2), 651-
658.

Gupta, B., Huang, B. 2014: Mechanism of Salinity
Tolerance in Plants: Physiological,
Biochemical, and Molecular Characterization
International Journal of Genomics. 18, 2014

Harborne, J., Tomas, B., Williams, G., Gil, M. 1986:
Chemotoxonomic study of flavonoids from
European Teucrium species.Phytochemistry.
25: 2811-2816.

Heidari, Y., Moaveni, P. 2009: Study of Drought
Stress on Aba Accumulation and Proline
among in Different Genotypes Forage Corn.
Research Journal of Biological Sciences, 4:
1121-1124.

Hoque, M.A., Banu, M.N.A., Nakamura, Y.,
Shimoishi, Y., Murata, Y., 2008: Proline and
glycinebetaine enhance antioxidant defense
and methylglyoxal detoxification systems and
reduce NaCl-induced damage in cultured
tobacco cells. Journal of plant physiology.
165(8), 813-824.

Jackson, M.L. 1967: Soil Chemical Analysis. Hall
of India Private, New Delhi, India. Printice.
Hall Inc., N. J., 248 pp.

Jackson, W.A., Thomas, G.W. 1960: Effect of KCl
and dolometric limestone on growth and ion
uptake of sweet potato. Soil Science 89, 347-
352.

James, C.S. 1995: Analytical chemistry of foods.
Blackie Academic and Professional Publisher.
An imprint of Champman and Hall, 178 p.

Jiang, Y, Huang, B. 2002: Protein alternations in
tall fescue in response to drought stress and
abscisic acid. Crop Science 42, 202-207

Karamanoli, K., Vokou, D. Menkissoglu, U.,
Constantinidou, H.I 2000: Bacterial
colonization of phyllosphere of Mediterranean
aromatic plants. ] Chem Ecol., 26: 2035-2048.

Kelen, M., Demiralay, E.C., SEN, S., Alsancak,
G.0. 2004: Separation of abscisic acid, indole-3-
acetic acid, gibberellic acid in 99 R (Vitis
berlandieri x Vitis rupestris) and rose oil (Rosa
damascena Mill.) by reversed phase liquid
chromatography.  Turkish  Journal  of
Chemistry, 28(5), 603-610.

Kjeldahl, J. 1983: The Kjeldahl determine of
nitrogen: retrospect and prospect. Trends in
analytical Chemistry 13(4), 138 p.

khater et al.

Lawlor, D.W. Tezara, W. 2009: Causes of
decreased photosynthetic rate and metabolic
capacity in water - deficient leaf cells:a critical
evaluation of mechanisms and integration of
processes. Annals of Botany 103,561-579.

Mansour, M.M.F., Salama, K.H.A., Alj, F.Z., Abou
Hadid, A.F. 2005: Cell and plant responses to
NaCl in Zea mays L. cultivars differing in salt
tolerance. Gen. Applied Plant Physiol., 31: 29-
41.

Meédalil, F. 2017: The specific vulnerability of plant
biodiversity and vegetation on Mediterranean
islands in the face of global change. Region
Environ Change 17:1775-1790

Momin, R.XK. Kadam, V.B. 2011: Biochemical
analysis of leaves of some medicinal plants of
genus Sesbania. Journal of Ecobiotechnology,
3(2).

Moore, G. 2004: Chemical Factors Affecting Plant
Growth. Soil Guide - A Handbook for
Understanding and Managing Agricultural
Soils, Chapter 5, Department of Agriculture,
Western Australia, pp 158

Nilsen, E.T., Orcutt, D.M. 1996: The physiology of
plants under stress abiotic factors. Wiley, New
York. 118.130.

Pastori, G.M., Trippi, V.S. 1993: Cross resistance
between water and oxidative stress in wheat
leaves, J. agri. Sci. 120: 289-294.

Polunin, O., Huxley, A. 1965: Flowers of the
Mediterranean. London: Chatto and Windus
xii, 260p.-llus., col. illus., maps. First publ.

Poodeh H.D. Mojiri, A. 2012: Relationship
between Growth of Atriplex species and Some
Soil Properties in Khoor (Iran) J. BIOL.
ENVIRON. SCL, 2012, 6(17), 141-146

Rowell, D.L. 1994: Soil science: methods and
application. Longman Publishers, Singapore.
350 p.

Rybak-Chmielewska, H. 2003: Honey. Tomasik, P.
Chemical and functional properties of food
saccharides. Boca Raton: CRC, 73-80.

Sairam, R.K. Tyagi, A. 2004: Physiology and
molecular biology of salinity stress tolerance in
plants. Curr. Sci. 86, 407—-421.

Sapeta, H., Costa, ].M., Lourengo, T., Maroco, J.,
van der Linde, P., Oliveira, M.M. 2013:
Drought stress response in Jatropha curcas:
growth and physiology. Environmental and
Experimental Botany 85:76-84.
10.1016/j.envexpbot.2012.08.012

Sayed, S.A. Gadallah, M.A., Salama, F.M. 2013:
Ecophysiological studies on three desert plants
growing in Wadi Natash, Eastern Desert,
Egypt. Journal of Biology and Earth
Sciences, 3(1), 135-143.

Sneha, S., Rishi, A., Dadhich, A., Chandra, S. 2013:
Effect of Salinity on Seed Germination,
Accumulation of Proline and Free Amino Acid

166



Al-Azhar Journal of Agricultural Research V. (47) No. (1) June (2022) 159-171

in Pennisetum glaucum (L.) R. Br. Pakistan
Journal of Biological Sciences, 16: 877-881. DOI:
10.3923/pjbs.2013.877.881

Sokot-Letowska, A. 1997: Préby opracowania i
zastosowania preparatow zwiazkow
fenolowych wybranych surowcéw roslinnych
jako przeciwutleniaczy. Zeszyty Naukowe
Akademii  Rolniczej we  Wroctawiu.
Technologia Zywnosci XI, 319: 99-115.

Subbarao, G.V., Nam, N.H., Chauhan, Y.S,,
Johansen, C. 2000: Osmotic adjustment, water
relations and carbohydrate remobilization in
pigeonpea under water deficits. Journal of
Plant Physiology. 157, 651-659.

Sumanta, N., Haque, C.I,, Nishika, J., Suprakash,

khater et al.

Téackholm, V. 1974: Student Flora of Egypt. Pub.
Cairo Univ. Printed by Cooperative Printing
Co., Beirut.

Tammam, A.A, Abou Alhamd, M.F.,, Hemeda,
M.M. 2008: Study of salt tolerance in wheat
(Triticum aestivum L.) cultivar Banysoifl.
Australian Journal of Crop Science. 1: 115-125.

Tilbury, D. 1995: Environmental education for
sustainability: Defining the new focus of
environmental education in the
1990s. Environmental education research, 1(2),
195-212.

Vyas, S.P., Kathju, S., Garg, B.K., Lahiri, A.N.
1996:  Activities of nitrate reductase and
ammonia assimilating enzymes of moth bean

R. 2014: Spectrophotometric analysis of under water stress. Science and culture
chlorophylls and carotenoids from commonly Journal. 62, 213-214.
grown fern species by using various extracting Wassel, G., Ahmed, S.S. 1974: Chemical

solvents. Research Journal of Chemical
Sciences. 4(9): 63-69.

Synerri, C.L.M., Pizino, C., Navari-Izoo, F. 1993:
Chemical change and O2 production in
thylakoid membranes under water stress,

Plant Physiol. 87: 211-216.

Table 1. Climatic data.

composition of the wild Egyptian plant
Teucrium polium. Pharmazie. 29: 351-352.

Zhang, J., Jia, W., Yang, J., Ismail, A.M. 2006: Role
of ABA in integrating plant response to
drought and salt stresses. Field Crops Res. 97:
111-119.

Month Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
Avg.Temp. (°C) 13.10 13.60 1540 1790 20.00 23.10 24.80 2530 2480 2250 1920 1540
Min.Temp. (°C)  8.40 890 1060 1330 16.00 1940 21.80 2230 21.10 1820 1440 16.60
Max.Temp.(°C) 1790 1840 20.20 2250 24.10 2690 2850 2840 2850 2690 24.00 20.20

Rainfall (mm) 36.00 23.00 12.00 2.00 2.00 1.00 0.00 1.00 2.00 14.00 23.00 34.00
Table 2. Soil physical properties of Wadi Halazien.
Soil  depth _Soil Particles Distribution Soil Texture Soil moisture content (%)
(cm) Sand (%) Silt (%) Clay (%) Class Winter Summer
0-20 80.63 16.67 2.70 Loamy sand  5.65 2.80
20-40 46.45 41.30 12.25 Loam 6.25 3.56
Table 3. Soil chemical properties of Wadi Halazien.
Soil Cation(milliequivalent/Liter) Anion(milliequivalent/Liter)
depth ~ PH_EC CaCO%
(cm) 125 dS/m Ca* Mg* Na* K+ Cl- COs HCOs
0-20 880 1.02 325 1.8 4.03 091 390 Traces 1.94 26.75
20-40 844 330 485 515 2184 039 2490 Traces 1.60 27.50
Table 4. Content of photosynthetic pigments in Teucrium polium L.
Season Chlorophylla  Chlorophyll b Carotenoids Chl a/Chl b
(ue/g) (ug/g) (ug/g)
Winter 82.43+2.372 34.03+3.172 11.39+1.57b 2.43+0.242
Summer 65.41+0.62b 32.71+1.502 18.04+0.902 2.00+0.102

Results are expressed as mean + SD (n = 3), Mean within a column followed by different letters are

significantly different (p < 0.05).
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Table 5. Plant water content, ash, and organic matter contents in Teucrium polium L.

Season Plant water content Ash Organic matter
(8/100g) (8/100g) (8/100g)
Winter 41.77 +0.442 33.44 £3.50 2 66.56 +3.50 b
Summer 25.79 +2.26P 22.67+2.19® 77.33+2.19 2

Results are expressed as mean + SD (n = 3), Mean within a column followed by different letters are
significantly different (p < 0.05).

Table 6. The content of Minerals in Teucrium polium L.

N P K+ Ca* Mg+ Na+ CI

Seasons . 1100g)  (e/100g) (g/100g) (g/100g) (g/100g) (g/100g) (g/100g)

Winter 1.25+0.032=  0.14+0.02=  1.76 +0.022 1.56+0.03=  0.57+0.022 0.12+0.01>  0.24 +0.02 2

Summer  0.65+0.01° 0.10+0.01=  0.82 +0.02° 1.43+0.04> 0.51+0.02> 0.14+0.022  0.25+0.02 2

Results are expressed as mean + SD (n = 3), Mean within a column followed by different letters are
significantly different (p < 0.05).

Table 7. The contents of total carbohydrates, protein, and proline in Teucrium polium L.

Seasons Total carbohydrates Protein Proline
(8/100g) (8/100g) (mg /g DW)

Winter 24.21 0.98° 7.83+0.212 3.67 £0.34 ®

Summer 32.89 +2.472 4.08 £0.09 ® 6.02 £0.35 2

Results are expressed as mean + SD (n = 3), Mean within a column followed by different letters are
significantly different (p < 0.05).

Table 8. The content of phytohormones in Teucrium polium L.

Seasons GAs IAA ABA Zeatin
(Lg/g) (Mg /g) (Lg/g) (Lg/g)
Winter 5.29 2.68 1.15 1.98
Summer 4.98 2.21 1.30 1.79

Table 9. The content of total phenolics in Teucrium polium L.

Seasons Total phenolics
(mg GA/g DW)
Winter 14.03+0.33°
Summer 17.22+1.042

Results are expressed as mean + SD (n = 3), Mean within a column followed by different letters are
significantly different (p < 0.05).

Figurel. Teucrium polium L. (Djabou., 2012)
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Figure 2: Content of photosynthetic pigments in Teucrium polium L.
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Figure 3: Plant water content, ash, and organic matter contents in Teucrium polium L.
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