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Abstract : This study is to evaluate the effect of Plant-Growth Promoting bacteria (PGPR)
(Azospirillum lipoferum and/or Bacillus megaterium) on Thymus capitatus L. grown under
saline irrigation conditions (control (fresh water), S1 = 3.13 dSm-1 and S2 = 6.25 dSm-1). The
experiments were conducted under normal environmental conditions during winter seasons of
2014 and 2015 at the green house of the National Research Center, Dokki, Cairo, Egypt. The
analysis of the data collected during the study indicated that there were statistically significant
increases in plant growth, yield, photosynthetic pigments and some chemical contents of thyme
plant with different PGPR treatments especially under saline irrigation, which revealed
significant decreases in the previously mentioned characters. While reverse trend was obtained
for proline content, which increased significantly by increasing salinity levels and revealed
significant decreases with all PGPR treatments.

Key words: Salinity, PGPR, growth, yield, total carbohydrates, Proline, photothynthetic
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Introduction

Salinization of soils or waters is one of the world’s most serious environmental problems in agriculture.
It is necessary to determine the environmental factors under which medicinal and aromatic plants give higher
yields and better quality. The problem of salinity is caused by poor quality of irrigation water or due to higher
rates of evapotranspiration and lack of leaching water(Shao et al., !). The negative effects of salinity stress on
plant-growth include aninhibition in growthrate and biomass, shorter stature, smaller leaves, osmotic
effects,nutritional deficiency and mineral disorders (Parida and Das, ° and El-Bassiouny and Abdel-
Monem,®).In general, salt stress decreases the photosynthesis and respiration rate of plants. Total carbohydrate,
fatty acid and protein content were adversely affected due to salinity, but increased the level of amino acids,
particularly proline(Jamil et al., %).Presence of salts in the soil hinders the plant growth mainly by two reasons;
First, by osmotic or water-deficit effect of salinity i.e. reduction of water uptake by the plant. Second, by ion-
excess effect of salinity excessive accumulation of salts in the plants system causes injury to the plant cells
(Avinash, ®). In addition, Tester and Davenport 6mentioned that salts compete with the various nutrients at
various levels of crop growth and development resulting in nutrient deficiency and ion toxicity.

Thymus capitatus is a compact, woody perennial native to Mediterranean Europe and Turkey. It is also
known under the name Thymbra capitata. The plant has with rising stems and narrow, fleshy, oil-gland-dotted,
green leaves to 12 mm (0.47 in) long. Thyme species belong to Lamiaceae family (Ismaili et al., /). Many of
them are used as food preservative (Dababneh, °). It also possesses antispasmodic, antiseptic, expectorant,
carminative and ant oxidative properties (Dapkevicius et al, ®). The main constituents of thyme include thymol,
carvacrol and flavonoids which have anti-bacterial, antioxidant, anti-flatulent and anti-worm characteristic (Dob
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et al.'%).In many areas, different plant parts were used as powder to treat digestive disorder, diarrhea, fever,

coughs and cold (Abdelaziz et al,™).

Regarding the importance of medicinal plants and their role in human health, it is imperative to increase
their biomass without application of harmful chemical fertilizers. Biological fertilizers are organic products
containing living cells of different types of microorganisms, which have the ability to convert nutritionally
important elements from unavailable to available form through biological processes (Sokhangoyet al., ).
Different Plant-Growth Promoting Rhizobacteria (PGPR) is known such as Azospirillum, Azotobacter,
Bacillus, Clostridium and Pseudomonas has been used for their beneficial effects (Ozturk et aI.,13). Several
studies have clearly showed positive effect of PGPR on growth of different crops in different climates and soils
(Salantur et al., ** and Mohsen and Ismail, *°). Effects of Azospirillum on yield of several crops have been
reviewed (Bhaskara and Charyulu,'®).Mode of action of Azospirillum on plants is secretion of phytohormones,
fixation of atmospheric nitrogen, reduction of nitrate and the enhancement of mineral uptake (James,
'").Azospirillum lipoferum, were found to have the ability to release phytohormones similar to gibberellic acid
and indole acetic acid, which could stimulate plant growth, absorption of nutrients, and photosynthesis (Fayez
et al., *®).The use of rhizospheric microorganisms as Bacillus sp. is the best biological means to enhance
solubility of phosphate in the soil and to provide sufficient quantities for plant nutrition(Singh et al.,”). In
saline environments, microorganisms need to balance the osmotic pressure between intra and extracellular.
Osmotic adjustment is achieved by increasing solute concentration inside the cell by the accumulation of
organic and inorganic solutes. The Bacillus species respond to elevated ionic strength media by accumulating
any variety of osmolytes including proline, glutamic acid, various ectoines and glycine betaine. Among these
organic molecules, amino acids are substrates of choice accumulated to face the stress (Ventosa et al.,*).

Therefore, the main target of the present work is to improve adaptive features of Thymus capitatus that
allow it to grow and survive under saline irrigation conditions by using two Plant-Growth Promoting
Rhizobacteria (PGPR) Azospirillum lipoferum and/or Bacillus megaterium.

Materials and Methods

Two pot experiments were conducted during two winter seasons of 2014 and 2015 at the green house of
the National Research Center, Dokki, Cairo, Egypt. Seeds of thyme were kindly provided by "SEKEM"
company and planted in the nursery on 15th of January. The seedlings of thyme plants were transplanted from
the nursery to the permanent soil in March. Uniform rooted plantlets (3 weeks old) were transplanted in
earthenware pots 30 cm diameter and 40 cm height with perforated bottoms. All pots were filled with 10 Kg of
sandy loam soil, the physical and chemical properties of the soil used were done according to the methods
described by Jackson #*.The soil type was sandy loam in texture with water holding capacity 29.0%, pH 7.8,
O.M 0.35% and E.C. 1.15 dSm™.The soil analysis, 0.55% containing CaCOs, available 4.46, 23.46, 169 and
32.2 mg 100 g™ soil of P, K, Mg and Na, respectively and also available 7.2, 9.4, 2.80 and 4.82 ppm of Fe, Mn,
Cu and Zn, respectively. One plantlet was planted in each pot in both seasons. Plantlets were irrigated regularly
with fresh water for two weeks after transplanting, and then seedlings were subjected to different salinity levels
by dissolving sea salts till they reached the EC, S1 = 3.13 dSm™ and S2 = 6.25 dSm™. The irrigation whether
with fresh water or saline water must reach the level of 65% of total Water Holding Capacity (W.H.C.) of the
soil by weighing every pot daily and the needed amount of water was added. The general principal stated by
Boutraa and Sanders % was used for the water treatment application. Three weeks after transplanting, plantlets
were inoculated with either of Azospirillum lipoferum and/or Bacillus megaterium or maintained as un-
inoculated controls. Active strain of Azospirillum lipoferum and Bacillus megaterium provided by the Unit of
Bio fertilizers, Faculty of Agriculture, Ain Shams University, Shobra El-Kheima, Egypt. The soil was
inoculated with Azospirillum lipoferum and/or Bacillus megateriumtwo times (the first three weeks after
transplanting, while the second one month later). Cell suspension of B. megaterium or Azospirillum lipoferum
was grown on nutrient agar medium (Manual, %°) and applied single or mixed strains according to treatment
used. Mixed cultures of bacterial species, containing | x 106 colony forming unitsmL™, were used for plant
inoculation. In addition, the aqueous extract from the raw materials (rice, broad bean, maize, wheat & white
clover straws treated with cellulose decomposers) were made and analyzed chemically before application to the
soil. For bio fertilizer treatments, each pot was inoculated with 10 mL bacterial suspension of (Azospirillum
lipoferum) and/or B megaterium.
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The experiment including 12 treatments which were the combination between three salinity levels (0
“fresh water”, S1 = 3.13 dSm™ and S2 = 6.25 dSm™) and the three inoculations of PGPR plus uninoculated
control (BO=control, B1= Azospirillum lipoferum, B2=Bacillus megaterium, B3= Azospirillum+Bacillus). The
treatments under investigation were arranged in a complete Randomized Block Design (CRBD) with three
replicates. The three salinity levels represented the main plots, while the four PGPR inoculations represented in
sub-plots.

The plant herbage was harvested by cutting 5 cm above the soil surface in two separated cuts (in June
and November) in both seasons. At each cut, three plants were selected randomly from three separated pots and
the following growth parameters were recorded: plant height (cm), number of branches, fresh and dry weights
of whole herb (g) and 0il% were recorded. The relative water content percent was measured also on fresh leaves
according to Barrs and Weatherly *. Samples were collected and dried for 48 h at 70 °C to determine the
chemical constituents of leaves:

Photosynthetic Pigments: It was determined according to Metzner et al. .

Proline Content: was determine as (uMole/g dry weight) on dry leaves according to Troll .

Total Carbohydrate %: Extraction and determination of total carbohydrates were carried out according to
Duboiset al. Z'.

Quantitative determination of thyme essential oil percentage of the different treatments was achieved by
Hydro-distillation according to (Guenther, %). Fresh herb of each treatment was subjected to hydro distillation
for 3 hours after water boiling till no further increase in the oil was observed. Oil (%) = observed volume of oil
(mL)/weight of sample (g) x 100

Statistical analysis was performed according to Snedecor and Cochran ?°. Treatments mean were
compared by L.S.D test at 5% level. Combined analysis was made from the two growing seasons hence the
results of two seasons followed similar trend.

Results and Discussion
Morphological characteristics and development:

The data presented in Table 1 proved that there was a significant decline in all growth characters of
Thymus capitatus plant as the concentration of NaCl increased in irrigation water. Plant height, number of
branches/plant, fresh and dry weights of the whole plant decreased significantly with increasing salinity level in
both cuts of the two growing seasons as compared with control plants. Where, the highest salinity level (S2)
recorded lower values of: plant height (50.75 and 47.25 for both cuts respectively), number of branches (21 and
18), fresh weight (100 and 60.50) and dry weight (42.75 and 37.75) than that recorded by control treatment (S0)
which were 72 and 56.75 for plant height in both cuts respectively, 31.75 and 26.75 for number of branches,
153.75 and 161.50 for fresh weight and 67 and 66 for dry weight and with significant differences. The main
reason for the reduction in herb growth and yield may be attributed to that salinity osmotically induced water
stress, specific ion toxicity due to higher concentration of Na* and C1°, Nutrient ion imbalance due to high level
of Na* and C1 which reduce the uptake of K*, NO3, PO, etc and increased production of reactive oxygen
species which damage the macromolecules. Salt stress reduces ability of plants to take up water, and this leads
to reduction in growth. Moreover, salinity affects the growth by slow or less mobilization of reserve foods,
suspending the cell division, enlarging and injuring hypocotyls (Rahman et al.,*®).Reduced growth has been
reported on thyme basil, chamomile and marjoram by (Ramin, *; Aliet al., **; Belagziz et al.,** and Baatour et
al., * respectively). The reduction in dry weight may be attributed to inhibition of hydrolysis of reserved foods
and their translocation to the growing shoots. Khammari et al., 35 showed that increasing salinity stresses
caused reduction in both shoot and root yield of Nigella sativa. Similar decreases in fresh and dry weights under
salt stress were found in Withania somnifera and Catharanthus roseus (Jaleel et al.,*® and Jaleel et al.,*");
Achillea fragratissima (Abd EL-Azim and Ahmed, ®); Salvia officinalis (Ben Taaritet al.,*); thyme (Ezz EI-
Din et al.,*%); Nigellasativa (Hussain et al., **); Chamomilla recutita (Ghanavati and Sengul, **); and basil (Said-
Al Ahl and Mahmoud,*) and Gholizadeh et al, ** reported similar results on some medicinal plants.
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Table (1):Effect of salinity and PGPR treatments on growth and yield of Thymus capitatus during the two
growing seasons.

Characters Plant height (cm) No of branches Fresh weight (g) Dry weight (g)
Istcut | 2ndcut | 1stcut | 2ndcut | 1stcut | 2ndcut | 1stcut 2nd cut
Treatments
Salinity
SO 72.00 | 57.75 | 31.75 26.75 153.75 161.50 67.00 66.00
S1 58.25 | 56.75 | 29.50 22.50 118.75 99.25 52.25 41.00
S2 50.75 | 47.25 | 21.00 18.00 100.00 60.50 42.75 37.75
LSDg s 4.26 3.48 2.97 4.01 5.09 6.21 4.62 3.98
PGPR treatments
BO 46.00 | 40.33 | 19.67 18.33 90.33 83.00 44.33 36.00
B1 61.33 | 52.67 | 26.67 22.00 109.00 97.00 51.00 42.00
B2 65.33 | 60.00 | 30.00 24.00 145.33 123.33 60.33 57.00
B3 68.67 | 62.67 | 33.33 25.33 152.00 125.00 60.33 58.00
LSDg s 2.07 4.97 4.36 3.78 4.88 3.81 2.11 3.32
Salinity X PGPR treatments
BO 59 43 25 23 92 114 53 40
SO B1 72 52 30 26 161 135 69 47
B2 76 65 32 28 176 198 70 88
B3 81 67 40 30 186 199 76 89
BO 40 40 20 20 95 83 40 33
S1 B1 60 60 28 22 107 100 43 42
B2 65 65 34 24 133 106 61 44
B3 68 66 36 24 140 108 65 45
BO 39 38 14 12 84 52 40 35
S2 B1 52 46 22 18 59 56 41 37
B2 55 50 24 20 127 66 44 39
B3 57 55 24 22 130 68 46 40
LSDg s 5.01 4.69 3.54 4.08 6.78 7.16 6.05 5.21

S0 = irrigation with fresh water, S1 = 3.13 dsm™, $2=6.25 dsm™
BO=uninoculated control. B1=.Azospirillum lipoferum treatment, B2= Bacillus megaterium treatment. B3= Azospirillum
lipoferum + Bacillus megaterium treatment.

Application of nitrogen fixer strain (A. Lipoferum) and phosphate solubilizing bacteria B. megaterium
alone or in combination induced significant increase in growth parameters of Thymus capitatus in terms of plant
height (cm), number of branches / plant, as well as fresh and dry weights of herb in the two cutting during the
two growing seasons (Table 1). Such promoting effect was maximal by using the combined treatment of
Azospirillum lipoferum and Bacillus megaterium (B3) and gave better plant growth than those obtained from
either unioculated control or bio-fertilizer alone during the two cutting of both growing seasons, followed by
Bacillus treatment (B2). Interaction of specific bacterium to facilitate plant development might be due to either
direct or indirect stimulation. Direct one includes biological nitrogen fixation, producing phytohormones like
auxins, cytokinins and gibberellins, solubilizing minerals like phosphorus and iron, production of siderophores
and enzymes and induction of systemic resistance, while indirect stimulation was basically related to biocontrol,
including antibiotic production, chelation of available Fe in the rhizosphere, synthesis of extracellular enzymes
to hydrolyze the fungal cell wall and competition for niches within the rhizosphere (Zahir et al.,*® and Gharib et
al., *®). Also, Bacillus megaterium strains were the most powerful phosphate solubilizes. Furthermore, it was
found that microbial inoculation not only increased the nutritional assimilation of the plants, but also improved
soil properties, such as organic matter and total N-content (Zahiroddiniet al.,*’). The combination between
Azospirillum sp. and Bacillus sp. was the best combination for PGPR-mediated indirect plant growth
stimulations (Damayanti et al.,*®). Besides nitrogen transformation, increasing bioavailability of phosphate, iron
acquisition, exhibition of specific enzymatic activity and plant protection from harmful pathogens with the
production of antibiotics. Similar findings had been obtained by Lucy et al., *°; Gray and Smith *°; Banchio et
al, **, Hassan et al., *? Shahzad et al.*® and Abo-Kora and Mohsen **.
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According to the interaction between various salinity levels and different PGPR inoculation the data in
Table 1 indicated that all parameters under investigation significantly responded to all applied microorganisms
treatments under different salinity levels compared with control plants. While, the highest significant means
obtained in SOXB3 treatment, followed by single inoculation with Bacillus (SOXB2) under the same irrigation
level as compared with control. The minimum significant means were found under the effect of S2XBO
treatment compared with the other treatments. Numerous soil beneficial bacteria exhibited strong growth
adaptation potential under stressful condition. An explanation for the ameliorating phenomenon induced by
microorganism’s treatments in thyme plant under salinity stress might be due to that the PGPR inoculum
enhanced water uptake. The long-term goal of improving plant-microbe interactions for salinity-affected plants
and crop productivity could be met with an understanding of the mechanism of osmo adaptation .The synthesis
and activity of nitrogenases was inhibited by salinity stress (Tripathi et al.,>®). Tripathi et al.”> documented that
in Azospirillum sp. there was an accumulation of glutamate, proline, glycine betaine and trehalose in response
to salinity/osmolarity; proline played a major role in osmoadaptation through increase in osmotic stress that
shifts the dominant osmolyte from glutamate to proline. Which lead to more water content, higher water
potential and lower canopy temperature in their foliage. So, they were less stressed over uninoculated plants.
Creus et al.*® illustrated that turgor pressure at low water potential was higher in inoculated two wheat cultivars
under osmotic stress. This may be due to better water uptake induced by inoculation that, in turn, was reflected
in faster shoot growth in inoculated seedlings exposed to these stresses. Similar increases in growth and yield
parameters as a result of PGPR treatments were recorded by Fischer et al.*”; Bacilio et al.”®, Bacilio et al.>® and
Hashem et al.®.

Photosynthetic pigments:

Table 2:Effect of salinity and PGPR treatments on photosynthetic pigments of Thymus capitatus during
the two growing seasons.

Characters Chl. a Chl. b Chl. a+b carotenoids
Treatments Istcut | 2ndcut | Istcut | 2ndcut | 1stcut | 2ndcut | 1stcut | 2ndcut
Salinity

SO 3.88 3.27 3.86 3.49 7.75 6.76 4.67 5.58

S1 2.45 2.28 2.42 2.25 4.87 453 5.68 6.42

S2 1.48 1.27 1.25 1.16 2.73 2.43 6.77 7.19

LSDq 5 0.23 0.11 0.31 0.19 0.36 0.41 0.46 0.52

PGPR Treatments

BO 1.54 1.46 1.58 1.47 3.12 2.93 3.43 3.97

B1 2.25 2.03 2.16 1.94 4.42 3.98 4.40 5.46

B2 2.82 2.64 2.53 2.26 5.35 4.90 5.58 6.52

B3 3.80 2.97 3.77 3.53 7.57 6.50 9.39 9.63

LSDq 05 0.46 0.51 0.43 0.35 0.53 0.46 0.55 0.59
Salinity XGPR Treatments

BO 2.02 2.00 2.02 2.01 4.03 4.01 2.49 2.65

SO B1 3.67 3.22 3.56 3.12 7.23 6.34 3.18 4.55

B2 3.74 3.52 3.79 3.23 7.53 6.75 4.16 5.34

B3 6.12 4.34 6.08 5.60 12.20 9.93 8.82 9.34

BO 211 2.04 1.98 1.78 4.09 3.82 3.12 4.25

S1 B1 2.26 211 2.19 2.01 4.46 4.12 4.62 4.97

B2 2.65 2.42 2.73 2.54 5.38 4.96 5.36 6.66

B3 2.77 2.56 2.78 2.67 5.55 5.23 9.60 9.78

BO 0.50 0.34 0.74 0.61 1.23 0.95 4.69 5.00

S2 B1 0.84 0.77 0.74 0.70 1.57 1.47 5.38 6.88

B2 2.08 1.98 1.05 1.00 3.14 2.98 7.23 7.55

B3 2.50 2.00 2.47 2.33 4.97 4.33 9.75 9.78

LSDq s 0.44 0.64 0.25 0.37 0.21 0.46 0.33 0.22

S0 = irrigation with fresh water, S1 = 3.13 dsm™, $2=6.25 dsm*
BO=uninoculated control. B1=.Azospirillum lipoferum treatment, B2=Bacillus megaterium treatment.B3= Azospirillum
lipoferum +Bacillus megaterium treatment.
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It is evident from data in Table 2 that increasing salinity concentration in irrigation water caused
significant decreases in Chla, Chlb and total chlorophyll (Chla+b)concentration of Thymus capitatus leaves
compared with control plants in both cuts of the two growing seasons, where the maximum records were
obtained under the control treatment SO. Furthermore, the minimum records obtained under the highest salinity
level S2 and with significant differences. While, opposite trend was obtained for the carotenoids content which
revealed significant and progressive increase in their content with increase in salinity levels, where the highest
significant means were observed under the highest salinity level S2 compared with the other two treatments.
The decrease in chlorophyll content under salinity was supported by several authors such as Azooz et al.** on
sorghum, Dager et al.*? on Salvadora, Grewal ® on persica and Reza et al., ® on chickpea. While, this result
may be due to reduction in leaf area, it also can be an adaptive response to reduce the harmful effects of salinity
stress (Farooget al.,”).Or it may be attributed to both the increase in degradation and the inhibition of pigment
synthesis (Garsia-Sanchez et al.,*®).It may also attribute to the disturbance of ions absorption involved in
chloroplast formation and protein synthesis and/or plastid breakdown (Abd El-Wahab,®). Higher level of
carotenoid concentration in stressed plants has also been reported by Deng et al.%; Kalefetoglu Macer and
Ekmekci ®.Stressed plants showed highest carotenoids content than control plants. Carotenoids participate in
energy dissipation and could aid plant resistance against stress conditions (Gunes et al.,”®).Increase in
carotenoids content for osmotic adjustment in salinity-stressed leaves in many plants has been reported by Khan
et al.,""and Gunes et al.,”. It had a positive effect on the RWC. High RWC might result from osmoregulation by
osmoprotectants, as carotenoids or sugars were accumulated in plants subjected to stress conditions (Leport et
al., ™% Franca et al.”, Gunes et al.,”® and Reza et al.,**).

The different PGPR treatments had a significant effect on chlorophyll a, chlorophyll b, chlorophyll a+b
and carotenoids content of the thyme leaves as shown in Table 2.The obtained values of the photosynthetic
pigments showed that use of different types of beneficial microorganisms alone or with a mixture caused
significant increases in all photosynthetic pigments content compared with uninoculated plants in both cuts and
during the two growing seasons. The more pronounced effect was obtained under the effect of mixed inocula of
Bacillus megaterium and Azospirillum lipoferum (B3) compared with single inoculation and uninoculated
plants, followed by single inoculation with Bacillus megaterium. These results were in greeting accordance with
those obtained by Badran and Safwat " on fennel plants, Ali”> on fennel, Abo El-Fetooh and Hanaa’ on
Calendula officinalis plantsand Abo-Kora and Mohsen>* on sweet basil plant. These effects assigned to
microbial activities in synthesis of phytohormones, organic acids and vitamins, nitrogen fixing, increased some
nutrients availability like phosphorus and finally interactions between PGPRs and other soil microorganisms in
the rhizosphere which benefits the plant growth (Barea et al.,”’and Chen,).

Moreover, different microorganism’s inoculation showed marked increases in concentrations of
chlorophyll a chlorophyll b, chlorophyll a+b and carotenoids content of the thyme leaves under different
salinity levels compared with control plants. The highest mean values of chlorophyll a chlorophyll b and
chlorophyll a+b of the two cuts were found under the effect of SOXB3 treatment and with significant difference
compared with their controls and the other interactions. While, the highest significant values of carotenoids
content were observed in S3XB3 treatments compared with the other treatments. The ameliorative effects of
beneficial microorganisms on plant under saline irrigation conditions have been listed by Zahir et al.”;
Egamberdieva® and Rojas-Tapias et al.®.

Relative water content (RWC) %:

Regarding the effect of different salinity levels on thyme leaf relative water content%, the obtained data
in Table 3 revealed that there was a gradual significant decrease in RWC% as salt concentration in irrigation
water increased. High salinity levels S2 showed the highest significant reduction in RWC% compared to the
control plants in both cuts during the two growing seasons.

The percentages of reduction in RWC% were 30 and33.32% for both cuts respectively compared to
control. Similar results have been reported by other scientists; Soliman et al.®? on five Apiaceae species;
Salwaet al.®* on peanut plant and Ahmad et al.,* on mustard cultivars. In saline soils, uptake of water by plants
is driven by the difference in water potential between the soil and plant roots. Decreased soil water potential
under high salinity restricts water flow into plants roots, which reduces pressure-driven xylem transport of
water to aboveground tissues due to altered membrane permeability, which in turn caused decrease in RWC%.
Stress leads to increase accumulation of reactive oxygen species such as superoxide, hydrogen peroxide and the
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hydroxyl radical. They caused damage to cell membrane structure by injuring cell components that ultimately
electrolyte leakage was increased (Foyer, *). Khodary®® concluded that water stress caused to change in
phospholipid membranes and increased unsaturated acids and therefore, increased electrolyte leakage. Increased
salt content caused negatively effect on plant water relations and water content, and RWC decreasing as salt
increases in irrigation water (Lee et al.,*").

Table (3):Effect of salinity and PGPR treatments on RWC%, Oil%, Carbohydrates %and Proline
content of Thymus capitatus during the two growing seasons.

Characters RWC% Qil% Carbohydrates% | Proline uMole/g
dry weight
Treatments Istcut | 2ndcut | 1stcut | 2ndcut | Istcut | 2ndcut | 1stcut | 2nd cut
Salinity levels
SO 72.42 67.64 1.63 1.43 70.55 70.44 0.083 0.082
Sl 55.85 54.94 1.89 1.70 64.16 63.86 0.093 0.105
S2 50.60 45.10 2.50 2.18 57.62 58.02 0.105 0.121
LSDg.s 4.21 6.12 0.47 0.22 4.21 3.41 0.022 | 0.011
PGPR Treatments

BO 53.46 50.77 1.52 1.42 61.37 60.72 0.114 0.136
B1 57.51 52.18 1.99 1.69 63.22 62.58 0.097 0.101
B2 60.62 55.99 2.08 1.94 64.62 65.78 0.079 0.076
B3 66.90 64.63 2.43 2.04 67.21 67.34 0.085 0.097
LSDg.s 3.22 4.26 0.07 0.10 2.64 3.22 0.008 | 0.014

Salinity X PGPR Treatments
BO 65.24 60.53 1.08 1.00 68.20 66.46 0.107 0.116
SO B1 70.56 61.93 1.66 1.42 69.78 67.15 0.091 0.081
B2 74.87 68.45 1.79 1.62 71.08 73.21 0.058 0.043
B3 79.00 79.65 2.00 1.67 73.12 74.95 0.077 0.085
BO 50.23 50.23 1.44 1.43 62.43 60.25 0.111 0.135
S1 B1 51.75 50.33 1.87 1.63 63.41 63.17 0.099 0.100
B2 54.33 53.23 1.89 1.83 64.32 65.13 0.085 0.090
B3 67.11 65.99 2.35 1.89 66.48 66.87 0.079 0.095
BO 44.92 41.57 2.04 1.83 53.48 55.46 0.124 0.155
S2 B1 50.21 44.29 2.45 2.00 56.48 57.41 0.101 0.123
B2 52.67 46.30 2.56 2.36 58.46 58.99 0.095 0.095
B3 54.60 48.24 2.95 2.57 62.04 60.21 0.100 0.110
LSDg s 5.02 4.01 0.09 0.08 4.21 2.11 0.009 0.011
SO = irrigation with fresh water, S1 = 3.13 dsm-1, S2=6.25 dsm-1

BO=uninoculated control. B1=.Azospirillum lipoferum treatment, B2=Bacillus megaterium treatment.B3= Azospirillum
lipoferum +Bacillus megaterium treatment.

Results of this study also showed that Azospirillum and/or B. megaterium increased RWC% of thyme
leaves significantly as compared to control (Table 3). Where, the non-inoculated control plants were
significantly deficient in their relative water content as compared to the Azospirillum lipoferum and B.
megaterium treatments alone or in combination. Moreover, the combination of Azospirillum lipoferum with B.
megaterium showed higher RWC% means compared to the control plants and with significant differences. Our
findings were in confirmatory to other studies recorded by Zhang et al.®®, Garg & Manchanda, * and Rakshapal
et al.. The observed increase in RWC% might be due to the integrity and stability of cellular tissues by the
PGPR interactions compared with non-PGPR interactions (Garg & Manchanda, ®). Although, other studies
mentioned that PGPR inoculation stimulate ABA accumulation in leaves and roots of stressed plants as
compared to non-inoculation control (Herrera-Medina et al., **). Protective effect of ABA was pivotal in
RWC% as it promoted stomata closure to reduce water loss and mediates stress damage through activation of
many stress-responsive genes, which collectively increases the plant’s tolerance (Zhang et al.,”).

As for the effect of dual-interaction, the data illustrated that inoculated plants with Azospirillum
lipoferum and/or B. megaterium revealed significant increases in RWC% values under different salinity levels
compared with their control and with significant differences in both cuts. The data in Table 3 revealed also that
the highest RWC% values observed under SOXB3interaction and with significant differences compared with
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their control and other interactions of both cuts during the two growing seasons. While, the lowest means
observed in uninoculated plants under the highest salinity level S2 i.e S2XBO0 treatment. Our results were in line
to other studies of Rakshapal et al.*® and Garg & Manchanda,® who revealed that the PGPR-inoculated plants
not only reduce stress effect but also help to fetch higher water quantity compared with control plants. Thus,
indicating that the beneficial association could help plant to tolerate such stresses.

Essential oil percentage:

Examination of the collected data in Table 3 revealed significant increases in essential oil percentage
due to increase in salinity level compared with control plants in both cuts and in both growing seasons. Where,
S2 treatment revealed the highest significant increase in 0il% content of thyme leaves, the values reached (2.5
and 2.18 for 1* and 2™ cuts respectively) compared with the other treatments. Where, the percent of increases
reached to 53.37 and 52% for the 1% and 2™ cuts respectively compared with control treatments. While, the
lowest means were obtained under the control treatment SO (which were 1.63 andl.43for both cuts
respectively).Similar results of a stimulatory effect of high salinity level were also found on Satureja hortensis
(Baher et al., ®); sage (Hendawy and Khalid, *) and thyme (Ezz EI-Din etal.,*°). Furthermore, Said-Al Ahl and
Mahmoud® recorded on basil that the highest oil percentage was achieved under salinity conditions. The
stimulation of essential oil production under salinity could be due to a higher oil gland density and an increase
in the absolute number of glands produced prior to leaf emergence (Charles et al., *).

It is interesting also to note that, there were significant effects of all PGPR treatments on 0il%
compared with untreated plants in both cuts. Inoculating the thyme plants with Azospirillum lipoferum and/or B.
megaterium resulted in a higher 0il% in comparison to control. However, the highest significant increase in
0il% appeared under the combined treatment of Azospirillum lipoferum and B. megaterium (B3) compared with
the other treatments and the control, followed by B. megaterium (B2) treatment. Similar trend was obtained for
the second season. These results were somewhat similar to those obtained by Edris et al. ®®who found that the
relative percentage of certain constituents of marjoram essential oil was affected by bio fertilization type and
level. Also, Scavroni et al. * reported increase in oil yield but did not improve oil quality of Mentha piperita.
Moreover, Hassan et al.*® recorded increase in growth characters and essential oil composition of coriander
plants treated with bio fertilizers compared with that treated with the chemical fertilizers. The most notable
phenomenon in Azospirillum inoculation that it worked better when phosphate-solubilizing bacteria such
Azotobacter, rhizobia, bacilli, and VAM fungi were incorporated, perhaps helping the growth of each other by
synergistically providing nutrients, removing inhibitory products, stimulating plants’ ability to grow better,
apparently co-inoculation allows plants to achieve a more balanced nutrition and (or) absorption of nutrients
was improved. It enhanced quality characteristics of oil and yield, higher net return, and better cost-benefit ratio
(Bashan et al.,”” and Abo-Kora and Mohsen,>).

For the effect of interaction between the different salinity levels and different PGPR treatments the
obtained data showed that the different PGPR treatments caused significant increases in 0il% means under
different salinity levels, where the highest significant 0il% content appeared under the combined effect of
S2XB3 treatment, followed by S2XB2 treatment compared with the other interactions, these results were true in
both cuts and in the both growing seasons. Our results were fortified by those of Plazinski and Rolf *; Remans
et al., **; Egamberdieva and Kucharova'®. Furthermore, Bianco and Defez ' reported that IAA produced by
these microorganisms enhancing different cellular defense systems for protection plants from external adverse
conditions. Other researchers have shown that Serratia sp. and Rhizobium sp. ameliorated the deleterious effect
of salinity on growth, yield and enzymes activities of lettuce (Han and Lee, '%%). The levels of phytohormones
play an important role in protection of the plant against various stresses. The low concentration of pure IAA or
low titer of IAA producing bacteria enhanced plant growth and yield. Khalid et al."® also reported that plants
treated with PGPR showed an increase in the main components of the essential oil (limonene and f-selinene)of
Celery plant comparison to untreated plants.

Total carbohydrates %:

It could be seen that the contents of carbohydrates in the leaves of thyme plant tends to decrease with
increasing salinity level (Table 3). Where, the highest significant records in their contents obtained under
control treatment SO compared to the other treatments in both cuts of the two growing seasons. While, the
lowest means obtained under S2 treatment. The percent of reduction in carbohydrates content reached to 18.33
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and 17.63 % for 1% and 2™ cuts respectively as compared to control. Different studies showed similar results on
Sorghum bicolor L. (Faheed, ®), portulaca oleracea L. (Yazici, '®) Oriza sativa L. (Amirjani,'®). The
reduction in carbohydrates content as response to salinity could be attributed to the nutritional imbalance (Liu
and Zhu, ') or the specific toxic effects of salinity (Nouet al.,'®®),hyperosmotic stress (Greenway and Munns,
1%9) and reduced photosynthesis process which may be due to the shortage of the available water which was
reflecting in lowering the plant content of soluble carbohydrates (Pasternak, '*°). Also, salinity reduced the
thickness of conductive canals (mainly phloem), so that a reduction in the translocation of assimilates toward
the developing organs may be occurred (Khalil, **). Furthermore, Banon et al.," attributed the above decline
in total carbohydrates to soil water deficiency which triggers certain chemical stimulus (mostly ABA) through
xylem vessels to leaves of stressed plants which caused stomata closure, reduction of each of stomata
conductance, CO, concentration in leaf tissues, electron transport system, CO, fixation, rate of photosynthesis
and eventually quantity of photosynthates. These conditions, in the meantime, enhances some plants to increase
their respiration rates as a prerequisite to produce both ATP to activate stressed cells, and osmotic soluble
substances which reduces cell osmotic potential thus increasing cell water uptake.

Total carbohydrates in the dry plant material were influenced significantly by the bio fertilizer
treatments. The use of different types of beneficial bacteria (PGPR) proved significant increase in total
carbohydrates %. Where, the highest values of total carbohydrates were found in dual inoculation with
Azospirillum lipoferum and B. megaterium compared with control treatment and with those obtained from either
nitrogen fixers (Azos.) or phosphate solubilizers B. megaterium alone. B. megaterium colonization showed
generally more pronounced effects on total carbohydrates % than Azospirillum lipoferum which revealed the
lowest significant means compared with the other PGPR treatments. Several workers found that PGPR
treatments increased total carbohydrates% e.g. Khalid et al.'® who stated that chemical composition analysis of
treated plants showed an increase in the essential and fixed oil content, total carbohydrates, crude protein and
nutrients content (NPKS) and its uptake. Also, Marulanda-Aguirre et al.***, Hashemabad et al.***,Sang-Mo Kang
et al. ' and Abo-Kora and Mohsen, ** reported similar results. The increased levels of total carbohydrates
under PGPR treatments was perhaps due to the necessity of its protective role on chloroplast integrity (Tyler et
al.,"*®) leading to enhanced photosynthesis under salinity, or may due to increase in leaf resistance which
revealed improved in leaf conductance under inoculation which may allow better gas exchange and
enhancement of photosynthesis(Talaei et al., *").

Concerning the effect of dual-interaction between the two studied factors for both growing seasons, the
data revealed that all PGPR treatments revealed significant increases in carbohydrates % under different
irrigation treatments compared with their controls. The highest significant records for carbohydrates % was
obtained under the combined effect of B. megaterium+ Azospirillum lipoferum inoculation and fresh water
irrigation (SOXB3) compared to the other treatments in both cuts. Followed by single inoculation with B.
megaterium under the same irrigation level and the different between the two treatments were insignificant.
While the lowest means observed in S2XBO0 treatment compared with the other treatments. The increase in total
carbohydrates % as a result of PGPR application in our search may be due to the increases in chlorophyll a and
b or may be due to that PGPR application had enhancing role in cell division, cell elongation producing more
leaf area. A similar trend has also been observed in other researchers (Swedrzynska and Sawicka,™®; Nadeem et
al.,"*®; Prathibha and Siddalingeshwara, *%°).

Proline content:

The obtained results in Table 3 pointed out that the proline content increased with increasing salinity
levels, the percentage of increase ranged between 26.51 and 47.56% compared with control treatment for both
cuts respectively. The highest values for proline content was observed under the highest salinity level S2 (0.105
and 0.121for both cuts respectively) compared with control plants and with the other salinity level in both cuts
of the two growing seasons. The observed accumulation of proline in the plants grown under saline conditions
may be attributed to the enhancement of hydrolysis effect of salinity on protein which led to accumulation of
the intermediary substances containing nitrogen such as ammonia, amino acids, amides and urea (Khalil, *');
she added also that the accumulation of non-toxic substances under saline conditions such as proline, organic
acids and pigments may had protective properties. The increases in proline values under stress conditions was
to build the defense mechanism which stressed plants take so as to reduce cell osmotic potential, thus increasing
cell water uptake with concomitant increases in both cell turgidity and its activity (Abdalla and El-Khoshiban,
'21). The proline accumulated in leaves as a response to salt stress was reported on Salvia officinalis,


http://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20SM%5Bauth%5D

Soha E. Khalil /International Journal of ChemTech Research, 2016,9(9),pp 140-155. 149

Trachyspermum ammi, spearmint, chamomile, sweet marjoram, Catharanthus roseus, Achillea fragratissima,
Matricaria chamomilla, sweet fennel, and Satureja hortensis (Ali et al.,*>; Hendawy and Khalid, %; Al-
Amierand Craker, *%; Zaki et al.,***;Abd EL-Azim and Ahmed *;Najafi et al.,"**;Ashraf, ®: Osman et al. **®
and Cik et al.,"®"). The increase in proline content could be attributed also to a decrease in proline oxidase
activity under saline conditions (Muthukumarasamy et al. 2000 and El-Bassiouny and Abdel-Monem, ).

Application of different PGPR treatments caused significant decrease in proline content of Thymus
capitatus leaves as compared with control plant in both cuts, where the lowest means observed in Bacillus
megaterium (B2) treatment. Followed by inoculation with B. megaterium+ Azospirillum lipoferum
treatment(B3) compared with the other treatments. Previous results were supported by Levitt **°, Hasegawa et
al., **, Hathout **!, Bashan et al., °" and Hafsa et al., *** who reported that bio fertilization resulted in decreasing
proline content of different plants under stress conditions. This could be explained as PGPR bacteria in the
presence of salt could accumulate osmolytes to achieve osmotic adjustment and ensure the stabilization of
certain proteins active at the expense of other enzyme activities loss, due to their altered electrostatic properties.
Furthermore, Hafsaet al. ** indicated that Bacillus species respond to elevated ionic strength media by
synthesizing or accumulating any variety of osmolytes including proline, glutamic acid, various cations and
glycine betaine. Among these organic molecules, amino acids were substrates of choice accumulated to face the
stress. They added that proline and glycine-betaine were the most commonly used solutes in osmoregulation
process. Moreover, Tripathi et al.>® documented that Azospirillum sp. had the ability to accumulate compatible
solutes such as glutamate, proline, glycine betaine and trehalose in response to salinity/osmolarity; they added
that proline plays amajor role in osmic adaptation through increase in osmotic stress that shifts the dominant
osmolyte from glutamate to proline in plant. Which lead to more water content, higher water potential and
lower canopy temperature in their foliage. Hence, they were less drought-stressed over uninoculated plants. In
addition, Bashan et al., ¥ illustrated that A. lipoferum has a salinity-induced glycine betaine transport system
which acts as osmo-protection.

In addition, Pots treated with PGPR bacteria showed marked significant decrease in proline content of
thyme leaves under different salinity levels compared with their controls in both cuts, the non-inoculated
control plants had significantly higher concentration of leaf proline as compared to PGPR treatments. The
maximum records observed in uninoculated plants under the highest salinity level (S2XB0) in both growing
seasons. While, the minimum records obtained in control treatment (without salinity) as a response to B.
megaterium inoculation (S0XB2). There have been several studies, which narrate the same findings of PGPR
inoculation under stress conditions e.g. Naz et al.,***;Bano and Fatima, **;Yao et al., ***; and Chen et al.,"** who
correlated proline accumulation with drought and salt tolerance in plants. Introduction of proBA genes derived
from B. subtilis resulted in production of higher levels of free proline resulting in increased tolerance to osmotic
stress in the transgenic plants. Increased production of proline along with decreased electrolyte leakage,
maintenance of relative water content of leaves and selective uptake of K ions resulted in salt tolerance in Zea
mays co inoculated with PGPR. Likewise, Upadhyay et al.™*’ studied the impact of PGPR inoculation on growth
and antioxidant status of wheat under saline conditions and reported that co-inoculation with B. subtilis and
Arthrobacter sp. could alleviate the adverse effects of soil salinity on wheat growth with an increase in dry
biomass, total soluble sugars and proline content.
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