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Soil type and irrigation water contents affect carbohydrates, total soluble protein, mineral ion contents and
phytohormone levels in rosemary (Rosmarinus officinalis L.)
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Abstract: Cultivation in sandy loam (SL) soil and twice irrigation/ week (I,) followed by SL and once irrigation
/week (I;) significantly increased the contents of total carbohydrate (TC) in leaves of rosemary (Rosmarinus officinalis
L)) plants and the levels of the growth hormones indoleacetic acid (IAA), gibberellic acid (GA;) and cytokinins
(CKs), as compared to their respective levels in the plants cultivated in sandy clay (SC) soil. Generally, the TC and
different minerals were higher at the 2" cut (August), compared to the 1% cut (February), especially in the SL soil.
Furthermore, the SC soil combined with I, irrigation system was more effective in increasing the total soluble sugars
(TSS) and total soluble proteins (TSP) of rosemary leaves during the 1* cut, with a relatively higher abscisic acid
(ABA) content and lower GA3/ ABA ratios, as compared to corresponding plants supplied with I, irrigation system.
The majority of mineral ions were higher in leaves of the plants grown in the SL soil during the two cuts, as
compared with the SC soil. Decreasing the irrigation water to I;, increased the Na'/K" ratio in rosemary leaves
grown in both SC and SL soils during the two cuts. In conclusion, rosemary plants could maximize their TC content
and nutritive state in the SL soil combined with I, irrigation.
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1. Introduction

Rosemary (Rosmarinus officinalis L.) is one of the
essential aromatic plants devoted to family Lamiaceae
(Labiatae). It is an evergreen, perennial herb well
cultivated in Egypt, available throughout the year and
widely used in food processing as well as for
pharmaceutical plant-based products (Moreno et al., 2006;
Atsumiand Tonosaki, 2007). As a cultivated plant,
rosemary growth and yield is mainly affected by both soil
type (Abou-Leila et al., 1993; Devkota and Jha, 2009) and
irrigation water content (Nicolas et al., 2008; Hassan et al.,
2013). In our previous work by Gharib et al. (2016),
variations in growth traits and yield of essential oil of
rosemary have been studied in the plants grown in sandy
clay (SC) and sandy loam (SL) soil types under irrigation
once (I)) or two (I,) per week during two plant cuts; one in
winter (February) and the other in summer (August).
Consequently, a strategy for minimum irrigation water, in a
certain soil type (particularly sandy soil), has been intended
for maximum productivity.

Metabolic control in response to environmental
conditions involves fine adjustments of carbohydrate
and nitrogen fractions. Such responses help cells to
restore chemical and energetic potential and are
crucial to acclimation and survival (Fraire-Velazquez
and Balderas-Hernandez, 2013).

The photosynthetic efficiency, usually resulted
from enhancement of photosynthetic pigments, and
increase in carbohydrate levels are closely related to

the irrigation water quantity (Yousef et al., 2013;
Mohamed et al., 2014; Gharib et al., 2016). But, this
also depends on the irrigation water content, where a
balanced amount is required to maximize the
carbohydrate level of plants in different types of soils
and at different ratios of water deficits (Hassan et al.,
2013). Under different conditions, the ratio of soluble
sugars to the value of total carbohydrate is important
for plant adaptation in its growth medium (Yang et
al., 2013; Nohong and Nompo, 2015). Total soluble
protein content in roots and leaves of two maize
varieties under drought stress first increased due to
the expression of new stress proteins and then
decreased due to a severe decrease in photosynthesis
(Mohammadkhani and Heidari, 2008). Similarly, the
content of soluble proteins in roots and leaves of
summer maize decreased with increasing drought
stress (Ti-da et al., 2000).

Plant growth and development also largely
depend on the combination and concentration of
mineral nutrients available in the soil, and changes in
the climate and atmosphere can have serious effects
in this respect, including changes in the availability
of certain nutrients (Morgan and Connolly, 2013).

Soil plays a major role in determining the
sustainable productivity of an agro-ecosystem and
soil properties are responsible for the difference in
nutrient status (Begum et al., 2015).
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Water supply also influences the plant indirectly
through its influence on the proportions of nutrients
in the soil solutions; where the total amounts of
elements increases with the water content (Metwally
and Pollard, 2006). Mass flow of nutrients, in
response to soil condition, have been studied by
many workers from different points of views
(Pirzadet al., 2012; Raza et al, 2013; He and
Dijkstra, 2014). Under low water content, increase in
Na'/ K" ratio is associated with drought tolerance in
seedlings of sugar beet (Beta vulgaris L.) cultivars
(Wu et al., 2014). In this respect, calcium (Ca®")
could regulate K/ Na" homeostasis in rice at low
salinity by enhancing the selectivity for K™ over Na’,
reducing the Na' influx and efflux, and lowering the
futile cycling of Na'. The N, P, K contents in
rosemary herb were also affected by water content
(Leithy et al., 2006; Hassan et al., 2013).

Phytohormones are molecules produced in very
low concentrations and are important regulators of
numerous developmental and physiological processes
in plants (Wani et al., 2016).

Phytohormones are also known to play vital
roles in the ability of plants to acclimatize to
changing environments, by mediating growth,
development, source/sink transitions and nutrient
allocation (Morkunas et al., 2014; Fahad et al., 2015-
b). In this respect, auxin is well-known to be involved
in multiple plant growth processes and stress
responses (Shi et al.,, 2014). In this respect, [AA
signaling is able to induce a response to the change(s)
in developmental or environmental stimuli (Iglesias
et al., 2011; Peer et al., 2013).

Gibberellins (GAs) are important plant
hormones that regulate diverse aspects of plant
growth and development, probably through
modulating the ABA signaling pathway (Dong Lei et
al., 2013). More recently, GAs were shown to
function via the regulation of DELLA proteins, which
are negative regulators of GA signaling, and these
proteins appeared to regulate ROS levels by
controlling the expression of a subset of antioxidant
genes (Xia et al., 2015). Reduction of GA levels and
signaling has been shown to contribute to plant
growth restriction on exposure to several stresses,
including low water content (Colebrook et al.,
2014). The GA3;/ABA ratio might represent the
primary hormonal signal; the increase in GA;/ABA
ratio seemed to correlate with the improved
metabolic activity and subsequent growth (Gharib et
al., 2014)

Cytokinins may be involved in the regulation of
plant adaptation to drought stress (Merewitz et al.,
2011). Endogenous cytokinin (CK) biosynthesis,
content, translocation, and activity decline in

response to lower water contents (Peleg and
Blumwald, 2011; O’Brien and Benkova, 2013).

Abscisic acid (ABA) controls one of the fastest
responses of plants to abiotic stress (Wilkinson et al.,
2010; Peleg and Blumwald, 2011; Mehrotra et al.,
2014; Sah et al, 2016). Under osmotic stress
conditions ABA regulates root growth via an
interacting hormonal network with cytokinin,
ethylene and auxin (Rowe et al., 2016).

Thus, the present study aimed to evaluate the
levels of total carbohydrates (TC), total soluble
sugars (TSS), total soluble protein (TSP), mineral
elements, and phytohormones in leaves of rosemary
(Rosmarinus officinalis L.) under the influence of
different soil types and irrigation water contents at
the 1% and 2™ plant cuts (February and August,
respectively.

2. Materials and Methods
Plant material

Uniform transplants of rosemary (Rosmarinus
officinalis L.) were kindly provided by the Medicinal and
Aromatic Plant Research Branch, El-Qanatir El-Khairiya,
Horticulture Research Institute, Ministry of Agriculture,
Cairo, Egypt.

Time course experiment

A pot experiment was conducted at the green house
of the Botanic garden, Faculty of Science, Ain Shams
University, Cairo, Egypt, at November 2013 to August
2014. Rosemary was grown under two soil types and two
irrigation water levels throughout the two cuts of the
experiment. During the experiment, the minimum and
maximum temperatures inside the greenhouse were14.6°C
and 32.1°C, respectively. Mean temperature and relative
humidity were, 16.8°C and 56.25 %, during November and
23.8°C and 56.8%, during August. The pots were divided
into four groups; each including thirty plastic pots (30 cm
diameter and 18 cm in depth). Three uniform transplants
(60 day- old) of rosemary were planted in each pot. Each
pot was filled with one type of soil, i.e. either sandy clay
(SC) or sandy loam (SL) soil. When the plants were well
established, the irrigation system was applied once (I;) or
twice (I,)/ week with each soil type.

The pots were arranged in complete randomized
block designs with the different treatments. Two cuts (3 and
9 months from transplantation) were taken for
experimentation.

Determination of carbohydrate content
Total soluble sugars

A Known weight of dry powdered rosemary
leaves was ground in 5 ml ethanol 70%, after
centrifugation at 4000 rpm for 10 minutes, the
supernatant was completed to a known volume by
distilled water. Total soluble sugars were determined
using anthrone technique as described by Umbrietet
al. (1959). Six ml anthrone solution (2 g L! H,SO,4
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95%) were added to 3 ml sample and maintained on a
boiling water-bath for 3 min. After cooling, the
developed color was measured
spectrophotometrically at 620 nm  using
spectrophotometer (Cecil CE. 1010). Standard curve
of glucose was prepared and used for calculating the
content of TSS in samples.

Total carbohydrates

Briefly, 30 mg of dry powdered leaves were
hydrolyzed in 10 ml of 1N H,SOy, in digestion tubes,
(80-90°C) for 8 hr. This was made up to a definite
volume. Then the total soluble saccharides were
determined as described above.

Total soluble proteins

A Known weight of dry powdered rosemary
leaves was ground in 5 ml ethanol 70%, after
centrifugation at 4000 rpm for 10 minutes, the
supernatant was completed to a known volume by
distilled water.

The procedure of Lowry et al.(1951) was
followed. One ml rosemary extract was mixed with 5
ml freshly mixed solution (50:1 v/v) of 2% sodium
carbonate in 4% sodium hydroxide and 0. 5% copper
sulphate in 1% sodium tartrate. The mixture was left
10 minutes before addition of 0.5 ml Folin and made
up to a definite volume. The optical density of the
mixture was measured spectrophotometrically after
30 minutes at 750 nm using Cecil CE 1010
spectrophotometer. Standard curve of bovine serum
albumin was prepared and used for determination of
the protein content in samples.

Determination of macro and micro elements

Mineral ion contents in air dry leaves of
rosemary plants were estimated in the environment
research Institute (SWERI), Agriculture Research
Center, Giza.

Digestion of samples

The dried powder samples were wet digested as
described in the method of Jackson (1973). The acid
digest of the plant matter was analyzed for
determination of nitrogen, phosphorus, potassium,
sodium, calcium, iron and chlorine, according to the
following methods:

Total nitrogen

Total nitrogen was determined using the
modified Micro-Kjeldahl method according to
AOAC (1980).

Phosphorus

Phosphorus was determined, using the vanadate
molybdate method (Jackson, 1973). Phosphorus
content was estimated by using molybdic acid to
form phosphomolybdate complex, and then reduced
with amino naphthol sulphonic acid to the complex
molybdenum  blue  which  was  measured
colourimetrically at 660 nm and calculated using a

standard curve of dihydrogen phosphate as
recommended by Woods and Mellon (1941).
Potassium and Sodium

Potassium and sodium were measured using
flame photometer (Atomic spectra AAS vario 6
according to Williams and Twine (1960).

Calcium, Iron and Magnesium

Estimation was carried out using Inductively
Coupled Spectrometry Plasma (ICP) Model Ultima 2-
Jobin Yvon.

Chlorine

Chlorine was measured by titration with 0.05 N
silver nitrate using potassium chromate indicator
(Boyle’s Method).

Endogenous phytohormones

Phytohormones were analyzed at the Arid Land
Agriculture Research (ALAR) and Services Center,
Faculty of Agriculture, Ain Shams University. Ten
grams fresh young leaves (following the top) of
rosemary developed from different treatments at the
first cut were wused for the extraction of
phytohormones according to a modified method
described by Wasfy and Orrin (1975).The samples
were ground in cold 80% ethanol, the macerated
tissues were transferred to a flask with fresh ethanol
and the volume was adjusted to 20 ml ethanol for 24
hours at 0°C and then was vacuum filtered through
filter paper Whatman No 42. The residue was
returned to the flask with a fresh volume of ethanol
and stirred for 30 minutes with a magnetic stirrer,
then filtered again. The procedure was repeated once
more and the combined extracts were evaporated to
the aqueous phase in a rotator flash evaporator.

To estimate the amounts of acidic hormones
(fraction I), the aqueous phase (10-30 min) was
adjusted to pH 8.6 with 1% NaOH and partitioned
three times with equal volumes of ethyl acetate. The
combined ethyl acetate fraction was evaporated to
dryness and held for further purification. The
aqueous phase was adjusted to pH 2.8 with 1% HCI
and portioned three times with equal volumes of ethyl
acetate. The remaining aqueous phase was discarded.
The combined acidic ethyl acetate was reduced in
volume (fraction 1), ready to high performance liquid
chromatography (HPLC) for determination of acidic
hormones (IAA, ABA, GA;). The dried basic ethyl
acetate fraction was dissolved in 80% ethanol. The
ethanol was evaporated under vacuum, leaving an
aqueous phase which was adjusted to pH 2.8 with 1%
HCI and partitioned three times with 25-50 ml ethyl
acetate. The ethyl acetate phases were combined and
discarded. = The remaining aqueous phase was
adjusted to pH 5.5 with 1% NaOH and portioned
three times with 50-100 ml water saturated n-butanol.
All butanol phases were combined (fraction 2),
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reduced in volume to 5 ml and stored at -20 °C until
HPLC analysis for cytokinins. Injection of 10 pl into
HPLC 510 was wused for identification and
determination of hormones using data model (Waters
746), detector (U.V Tumable Absorbance), and pump
(HPLC 510). The chromatography was fitted
(equipped with 3.9 x 300 mp Bond pack CI18
capillary column). The HPLC was operated under
temp 25°C. Standards of TAA, GA;, ABA, benzyl
adenine and kinetin were used. The retention time
(RT) and the area of peaks of different
phytohormones of authentic standards were used for
the identification and characterization of peaks of
samples under investigation.
Statistical analysis

Statistical analysis was performed using one-
way analysis of variance ANOVA followed by
Duncan’s Multiple Comparison Test using IBM
Statistical Product and Service Solutions, SPSS
Statistics for Windows, Version 21at P<0.05 that was
denoted as being statistically significant for the
means compared, using least significant difference
(LSD) at p0.05.

3. Results
Total carbohydrates, total sugars and soluble
proteins (Table 1)

In both soil types (SC, SL) and irrigation
systems (I; and I,), the levels of total carbohydrates
(TC), total soluble sugars (TSS) and total soluble
proteins (TSP) in rosemary leaves were higher at the
2™ cut (August) rather than the 1% cut (February).
Despite of the applied treatment, both TSS and TSP
contents were reversibly correlated with the TC
content. In the SL soil combined with I; and I,
irrigation systems, the total carbohydrates were
significantly increased accompanied by decreases in
TSS and TSP in the leaves during the two cuts, as
compared with corresponding plants in the SC soil.
The data presented in Table 8 show that TC contents
(at the 1% and 2™ cuts) were higher in the SL soil and
I, irrigation system than those in case of I; irrigation.
In case of the SC soil, TC content was higher with I;
irrigation at the 1% cut but the reverse was observed at
the 2™ cut, where I, irrigation showed higher
enhancement of TC than I, irrigation and vice versa
for TSS and TSP content during the two cuts.

Table 1: Effect of soil type (sandy clay soil (SC) or sandy loam soil (SL)) and irrigation once/week (I;) or twice/week (I,) with
each soil type on total carbohydrate (TC), total soluble sugars (TSS) and total soluble protein (TSP) (mg g dwt equivalent) in
leaves of rosemary (Rosmarinus officinalis L.) plants at the 1¥and the 2™ cuts (3 and 9 months from transplanting, respectively).
Statistical analysis was carried out using Duncan. Different letters show significant variation at p0.05.

Treatment mg g dwt.”!
Irrigation TC TSS TSP
Soil t t

ortype cf)v;t:;t 1% cut 2" cut 1% cut 2™ cut 1% cut 2" cut
SC I, 81.07£0.71° | 98.42+0.421 26.76+0.10° 37.10£0.37* | 331.80+0.81° 765.61+1.78"
I, 67.18£0.54% | 102.19+0.71 ¢ | 28.50+0.32° 36.10:0.22 " | 343.86+3.01* | 755.58+1.94"
SL I, 99.60+0.42° | 130.94+0.10° | 25.98+0.55°¢ 29.49+0.18 288.40+1.64° | 754.38+1.72°
I, 115.15+0.19* | 135.64+0.13* | 25.01£0.31¢ 27.19£0.06 ¢ | 2279542429 | 676.6244.71 ¢

LSD at p0.05 13.89 3.77 0.78 1.00 12.06 10.03

Mineral element contents (Figure 1)

Based on our experimental data in Figure 1,
different minerals (N, K, Na and Ca as mg 1) were
higher in the plants grown in SL soil during the two
cuts, as compared with the SC soil. The highest
values of K, Na, Ca and Cl were recorded by
applying the I, irrigation system in SL soil, while the
I, irrigation gave the highest value of N, P and Fe
during the two cuts. In case of the SC soil, the levels
of most measured minerals were lower with I,
irrigation during the two cuts, while I, irrigation
showed higher enhancement of minerals. Decreasing
irrigation water to I;, increased Na'/K' ratio in
rosemary leaves grown in both SC and SL soils
during the two cuts.

Phytohormone concentrations (Figure 2)

The results presented in Figure 2 show the effect
of soil types; i.e. sandy clay (SC) and sandy loam
(SL) and their combinations with the irrigation

systems as once or twice per week (I; or I,
respectively) on endogenous phytohormones of
rosemary (Rosmarinus officinalisL.) plants at the 1%
cut (February).

The obtained data show that indole acetic acid
(IAA), gibberellins (GAj), kinetin (Kin), benzyl
adenine (BA), were higher in the leaves of the plants
grown in the SL soil, as compared with those of
corresponding plants in the SC soil at the 1* cut. On
the other hand, a reverse situation was observed with
abscisic acid (ABA). Moreover, the above mentioned
hormones as well as the GA;/ABA ratios (59.20,
22.02, 81.78, 157.44 for SC+I,, SC+I,, SL+ I, SL+
L,, respectively) were markedly higher in the SL soil,
particularly with I, irrigation than those in case of
irrigation, whereas a reverse trend was observed with
ABA. In case of the SC soil, the different hormone
fractions (IAA, GA;, K and BA)and GA;/ABA ratio
were lower with I, than I, irrigation.
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Fig 1: The element content of air dried leaf tissue of rosemary (Rosmarinus officinalis L.) plants at the 1¥ (A) and
the 2™ cuts (B) (3 and 9 months from transplanting, respectively).
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Fig 2 : Endogenous concentration (mg/100g" dwt equivalent) of indole acetic acid (IAA), gibberellic acid (GA3),
kinetin (Kin), benzyl adenine (BA), and abscisic acid (ABA) in young leaves of rosemary (Rosmarinusofficinalis L.)
plants at the 1* cut (5 month-old- plants) as affected by growing in sandy clay (SC) or sandy loam (SL) soil and
irrigation once/ week (I;) or twice/week (I,) with each soil type.
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4. Discussion

In this study, the levels of total carbohydrates
(TC) were significantly enhanced in the sandy loam
(SL) more than the sandy clay (SC) soil during the
two plant cuts (February and August). In this respect,
the SL soil combined with I, was the most effective
in increasing the total carbohydrate contents of
rosemary leaves at both cuts (Table 1). The increase
in TC content might be explained on the bases of
enhancement of photosynthetic capacity, predicted to
result from increased carotenoids and total
photosynthetic pigments as have been recorded in our
previous work (Gharib 2016). In this connection,
Mohamed et al. (2014) found a positive relation
between the percentage of total carbohydrates and the
content of irrigation water supply in two Curcuma
spp. rhizomes grown in sandy loam soil. Similar
conclusions were also attained by Yousef et al.
(2013) in Echinacea purpurea. In the present work,
SC combined with I, irrigation at the first cut
(83.70% SWC) and combined with I; irrigation at the
2" cut (64.35% SWC) caused a decrease in the total
carbohydrate content. This could be attributed to
minimization of the values of Chl a, b, Chl a/b ratio,
carotenoids and totatal photosynthetic pigments in
rosemary leaves (Gharib et al., 2016), where a
declined photosynthetic efficiently would have been
predicted. According to Hassan et al. (2013),
carbohydrate percentage was increased by deficit
irrigation treatments (decreasing irrigation frequency
from 100 to 60% in rosemary plants grown in sandy
soil. The contents of total soluble sugars (TSS) and
total soluble protein (TSP) (Table 1) were higher in
the SC soil, as compared with corresponding values
in the SL soil during the 1% and 2™ cuts. The
irrigation system I; increased the contents of TSS and
TSP with SL soil type at the two cuts. This might be
attributed to the speculated relation between the soil
water content, TSS and TSP that are required for the
plant osmotic adjustment. Our results could be
reinforced by those of other workers who found that
water stress treatments increased the soluble sugar
contents of two grass species (Nohong and Nompo,
2015) and two Kentucky Blue grass cultivars (Yang
et al., 2013), which would conclude that carbohydrate
metabolism is important for plant adaptation.

The impact of soil types and irrigation on
nutrient content of rosemary is not well documented;
however, there are general conflicting reports about
the effect of drought stress on nutrient absorption of
different plant species (Ardakani et al., 2014). In the
present study, the leaf contents of N, P, K, Na, Ca, Fe
mg I"" and CI (% ions) were higher at the 2™ than the
1%cut. This might be due to deeper and better
proliferation of root biomass at the 2™ cut (Figure 1).
Sandy loam soil was more effective in enhancing the

absorption of minerals than the SC soil, which might
be attributed to the availability of sufficient aeration
and moisture around the root in the SL soil. This
would further enable better proliferation and
absorption of root, reflected as better growth of
rosemary in the SL than the SC soil as recorded in
our previous work by Gharib et al. (2016).
Decreasing the irrigation system to I, enhanced the
content of K, Na, Ca and Cl, but decreased N, P and
Fe contents in the leaves of rosemary plants grown in
the SL soil at both cuts and in the SC soil at the 1*
cut (Figure 1). These results might be partially
reinforced by those of other workers who revealed
increased K under lower water contents
(Bahreininejad et al., 2013), Na (Slama et al., 2007;
Ma et al., 2012), Ca (Dogan and Akinci, 2011), and
Cl (Peuke and Rennenberg, 2011), but reduced N, P
(Raza et al., 2013). In well irrigated soil, Fe*" was
found to be reduced to the most available Fe*" form
for the plant, whereas under lower water content the
soil relatively dries, the oxygen concentration
increases, and Fe is oxidized to the insoluble ferric
form (Pirzad et al., 2012). Additionally, under low
soil moisture plant nutrient uptake is disturbed by
reducing nutrient supply through mineralization
(Schimel et al., 2007; Sanaullah et al., 2012).
Nutrient diffusion and mass flow in the soil were also
reduced in dry soil (Rouphael et al., 2012). Our
results showed that in case of the SC soil, the level of
most measured minerals were lower with I, irrigation
during the two cuts that might be corresponding to
over-irrigation at the first cut (February) and partial
removal of nutrients from the soil by leaching,
followed by reduced plant growth. On the bases of
this conclusion, I, appeared to be an improper
irrigation strategy for rosemary plants grown in the
SC soil during winter. According to de Oliveira et al.
(2013), plant growth can be limited by either water
deficit or excess water. Excess water causes oxygen
deficiency in soil, which affects nutrient and water
uptake (Sairam et al., 2008).

The results of the present work also showed that
in both soil types (SC and SL), decreasing irrigation
water to I, increased Na'/K' ratio in rosemary leaves
during the two cuts, which might be associated with
osmotic adjustment and drought tolerance (Ma et al.,
2012; Wu et al., 2014).

In the present study, at the first cut, the SL soil
combined with I, or I, irrigation was much better than
SC soil in enhancing the growth promoting hormones
(Figure 2), expressed as indole acetic acid (IAA),
gibberellic acid (GA;), kinetin (Kin), benzyl adenine
(BA), as well as GA3;/ABA ratios in the leaves of
rosemary plants, as compared with corresponding
plants in the SC soil, whereas a reverse situation was
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observed with abscisic acid (ABA). Generally,
increasing the irrigation level (I,) in SL soil improved
rosemary growth by increasing the GA3;/ABA ratios
than in those with I, irrigation. The same base could
be also applied with IAA under low water content,
where IAA concentration was decreased but that was
beneficial to inhibit vertical growth and avoid
lodging for shade soybean (Zhang et al., 2011). In
case of the SC soil, I, irrigation increased the level of
ABA than I, irrigation at the 1% cut. This was also
concomitant with decreasing the ratio of GA;/ABA,
which might represent the primary hormonal signal
correlated with the decreased metabolic activity and
subsequent growth of these plants. The difference in
the mean values of growth hormones at the two types
of soils (SC, SL) might be interpreted on the bases
that at the first cut during winter (February), the
water content was at a surplus in the SC soil through
the I, system, which would allow excess water in
such a non-porous soil with poor aeration. In
accordance, under environmental stresses, ABA is an
important messenger that acts as a signaling mediator
for regulating the adaptive response of plants to
different environmental stress conditions (Sah et al.,
2016) and it might induce antioxidant defense
systems and suppress toxicity of reactive oxygen
species (ROS) under drought stress (Hu et al., 2010).

Conclusion

In the present work, soiltypes (SC and SL) and
different irrigation water strategies (I; and I,) were
found to be important management techniques to
cope with water scarcity. Generally, rosemary
showed trends in the carbohydrate fractions, soluble
protein,  nutrient elements and  different
phytohormones that were more suitable in the SL
type of soil combined with I, irrigation, particularly
at the second cut, and seemed to positively affect
plant effeciencyrather than in the SC soil, during the
two plant cuts.
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