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Introduction

Pot marigold (Calendula officinalis L., Asteraceae) is a medicinal plant native to Southern Europe described in many
pharmacopeias. The dried flower heads have been used for their anti-inflammatory, antipyretic, antitumor and cicatrizing
effects [1]. Terpenoids, phenolic acids, flavonoids, isorhamnetin, carotenoids, glycosides, vitamin C and sterols are the main
chemical compounds of marigold [2]. Water deficit limits crop growth, development and global productivity, due to
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considerable decreasing of photosynthesis and leads to lower growth rates and performance [3]. Plants have developed
complicated mechanism to water deficit stress [4]. Osmotic adjustment regarded as an important physiological adaptation
related with drought tolerance by maintaining water potential under osmotic stress [5]. A range of osmotically active
molecules/ions including soluble sugars, sugar alcohols, proline, organic acids, calcium and potassium were accumulated in
plants under water deficit [6]. Under various levels of severe water deficit the proline content, total soluble sugars and leaf
nitrogen were increased in Mung Bean plants. Furthermore, the mycorrhizal plants produced a higher seed yield, leaf
phosphorus, leaf nitrogen, chlorophyll index, proline, total soluble sugars content, relative water content, root length, root
volume, root dry weight and root/shoot weight ratio as compared with non-mycorrhizal plants [7]. Ghorbanli et al. [8]
reported the increasing in concentration of proline in tomato cultivars under water deficit condition. Seed and biological

yields were improved due to higher leaf nutrients in mycorrhizal Mung Bean plants [9].

Phosphorus (P) is one of the most important macro-elements that play a key role in protection and transfer of energy in cells
metabolism. Deficiency of phosphorous may be cause to decreasing in seedling establishment and root development [10].
The most part of P used as fertilizer, convert to immobile pools through with cations (AI**, Fe** and Ca®*) [11,12]. Phosphate
solubilizer microorganisms (PSMs) transform insoluble form of phosphate into soluble form following to acidification,
chelation, exchange reactions process and gluconic acid production [13]. PSM inocula have significantly increased cotton
seed vyield, with a simultaneous decrease in stalk production [14]. Although, inoculation of microbial are used for the
improvement of land fertility during the last century, a relatively low work was reported on P solubilizing in comparison to
N-fixation [15].

Arbuscular mycorrhizal fungi (AMF) symbiosis, important agriculturally and ecologically, can improve plants tolerance
against drought stress harmfulness [16,17]. More than 90% of plants have symbiotic relationship with AMF that can improve
the uptake of nutrients especially phosphorus [18]. Gholamhoseini et al. [19] reported that in sunflower mycorrhizal plants
(inoculated with G. hoi and G. mosseae) the leaf relative water content was improved, which it was better in G. mosseae. The
improved root conductance is associated with a longer root and an alteration in the root system induced by mycorrhiza [20].
The developments of mycorrhizal relationships were found to be the greatest when soil P levels were at 50 mg/kg.
Mycorrhizal infection of roots declines above this level with little if any infection occurring above 100 ppm P even when soil

is inoculated with a mycorrhiza mix [21].

The aim of this study was to evaluate the effect of AM fungi species, G. moseae and G. hoi, on the photosynthetic pigments,
osmolytes, water status and yield of pot marigold under water deficit stress comparing other sources of phosphorus (chemical

and biological).

Materials and Methods

This factorial experiment was conducted based on randomized complete block design with three replications at Urmia
University (latitude 37.53° N, 45.08° E, and 1320 m above sea level), Urmia, Iran in 2014. Treatments consisted of water
deficit stress (Irrigation at 50% and 80% of field capacity, FC) and phosphorus sources. Phosphorus sources included

chemical phosphorus (100 kg/ha triple super phosphate), biological phosphorus (phosphate solubilizer bacteria-PSB,
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mycorrhizal fungi species-Glomus intraradices, G. mosseae and G. hoi) and control. Here, plants inoculated with each of
mycorrhizal fungi species known as AM plants. Plants were irrigated up to FC based on above mentioned treatments.

Irrigation water needed (VN) was calculated according to Benami and Ofen [22].

VN = [(FC - WP) x BD x D x (1 - ASM) x A]/100
Where, VN is the irrigation water needed before irrigation (m®), FC is field capacity (%), WP is the wilting point (%), BD is
bulk density (g/cm®), D is the root zone depth (m), ASM is the available soil moisture before irrigation (a fraction), and A is

the area of the field (m?).

The result of the soil analysis is shown in TABLE 1. In each plot (6 lines of 2 m long) seeds were sown 30 mm below the soil

surface, row to row and plant to plant spacing was 30 cm and 6 cm, respectively (Supporting 55 plants/m?).

TABLE 1. Soil physicochemical properties at 0 cm to 30 cm of experimental site.

Soil Clay % | Silt% | Sand % K P OC% | TNV % EC pH
texture (mg/kg) | (mg/kg) (ds/m)

Loam 24 32 44 166 37.6 0.78 10.3 0.915 8.51
Measurements

Leaf chlorophyll (chlorophyll-a, b and total chlorophyll) and carotenoid content were measured according to Gross [23]
method improved by Lichtenthaler [24] in 0.25 g of fresh leaves (40 Days after sowing, from 10 leaves of the main branch).
Fresh material samples were extracted with acetone (80% v/v) in sealed tubes kept at room temperature in dark. Upper zone
of centrifuged extraction (centrifuged at 3000 rpm for 10 minutes) was taken for reading by spectrophotometer at 470, 646.8
and 663.2 nm wave lengths. Photosynthetic pigments concentration was calculated by using the following equations [24]:

Chlorophyll a (ug/ml) = (12.25 x OD663.2) - (2.79 x OD646.8)
Chlorophyll b (ug/ml) = (21.50 x OD646.8) - (5.10 x OD663.2)
Total chlorophyll (ug/ml) = (0.0202x0D 663.2) + (0.00802x0D 646.8)
Carotenoid (pg/ml) = {1000 x OD470) -1.82 Chlorophyll a- 85.02 Chlorophyll b}/198

OD 470 is shown the absorption at 470 nm, OD 646.8 at 646.8 nm and OD 663.2 at 663.2 nm wave lengths.

For proline and total soluble sugars, 0.5 g of freshly harvested leaves was grinded in 5 ml of 95% (v/v) ethanol. The insoluble
fraction of the extract was washed twice with 5 ml of 70% ethanol. All soluble fractions were centrifuged at 3500 rpm for 10
min. The supernatants were collected and stored at 4°C for proline and TSS determination [25]. Proline measured by

spectrophotometer at 515 nm wave length [26] and total soluble carbohydrate at 625 nm wave length [25].

In order to measure leaf relative water content (LRWC) five upper complete and fully expanded leaves on the main shoot

from five plants per each plot were picked up. After recording fresh weight of leaves, they were soaked in distilled water for

3



www.tsijournals.com | November-2016

four hours at 25°C. The leaves surface cleaning-off and the turgid weight was measured. Then samples dried in oven at 70°C

to constant weight. Leaf relative water content was determined by using the following equation [27]:

LRWC (%)=[(FW-DW)/(TW-DW)]*x100

Where FW: fresh weight; DW: dry weight, TW: turgid weight

Flower and seeds were harvested in mature stage from 1 m? of each plot. Harvested samples dried in oven 72°C for 48 h.

Statistical analysis

Analysis of variance (ANOVA) on data was performed using the general linear model (GLM) procedure in the SAS
software. The Duncan's Multiple Range Test was applied to compare treatment means using the MSTAT-C software
package.

Results and Discussion

Analysis of variance showed the significant effect of irrigation on the chlorophyll-a, total chlorophyll (P < 0.05) and
chlorophyll-b (P < 0.01), and significant effect of phosphorus on chlorophyll-b (P < 0.05). However, there was significant
interaction effect of irrigation x phosphorus on the leaf carotenoid, proline, total soluble sugars, and the yield of flower and
seed (P <0.01) (TABLE 2).

Means comparison showed that the leaf chlorophyll-a (FIG 1A), chlorophyll-b (FIG 1C) and total chlorophyll (FIG 1B) of
plants grown under 80% FC (5.8, 1.5 and 7.4 mg/g Fresh Weight) was greater than 50% FC (5.0, 1.1 and 6.2 mg/g Fresh
Weight). The highest content of chlorophyll-b (1.9 mg/g Fresh Weight) belonged to control plants and the lowest amount (0.7
mg/g Fresh Weight) related to chemical phosphorus application (FIG 1D). Reduction of chlorophyll-a and total chlorophyll
under water deficit (irrigation at 50% FC) is due to damage the chlorophyll and prevent its production [28]. Increasing the
environmental pressures could be a reason that was implicated in the oxidation on photosynthetic pigments, membranes
decomposition and harm to chloroplast. Such retardation in the content of photosynthetic pigment in response to water stress
was attributed to the ultra-structural deformation of plastids including the protein membranes forming the thylakoids which in
turn causes untying of photosystem I to capture photons, causing declines in electron transfer, ATP and NADPH production
and eventually CO, fixation processes [29-31]. Our results are agreement with Nyachiro et al. [32] and Paul Ajithkumar and
Panneerselvam [33], they reported a significant decrease of chlorophyll-a and b by water deficit in spring wheat and
Setariaitalica plants, respectively. Our results showed that the amount of chlorophyll-b in control plants as well as biological
P was greater than chemical phosphorus (FIG 1-D). Demir [34] indicated that the chlorophyll content of mycorrhizal pepper
plants was higher than of non-mycorrhizal control plants. The highest leaf carotenoid (3.1 mg/g fresh weight) was observed
in well-watered (Irrigation at 80% FC) control plants, that it was reduced in stressed condition (Irrigation at 50% FC). There
was any differences between stressed and non-stressed plants in term of leaf carotenoids in all biological (AM plants and
PSB inoculation) and chemical P treatments (FIG 1-E).The lowest amount (1.6 mg/g Fresh Weight) related to plants treated
with G. intraradices under 50% FC (FIG 1-E).These results indicated the sufficient P supply for plants in biological (both
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AM plants and PSB treatments) as same as chemical P. Abdalla and El-Khoshiban [31] reported the progressive increase of

wheat leaf carotenoids in drought stress condition.

The leaf proline was the same for both two well-watered and stressed control plants. The highest leaf proline (2.6 pmol/g
fresh weight) belonged to plants treated with chemical phosphorus under 50% FC as same as mycorrhized plants with G.
mosseae and G. intraradices. There were no changes of leaf proline in G. hoi and PSB inoculated plants by water stress
treatments (FIG 2). The greatest difference of leaf soluble sugars between stressed (76.4 mg/g fresh weight) and non-stressed
(35.6 mg/g Fresh Weight) condition was observed in plants inoculated with G. hoi followed by another mycorrhizal species
(FIG 3). Increasing TSS in stressed non-P treated plants exhibited that Pot marigold follow the carbohydrate accumulation as
the main osmolyte. Increasing of proline under water deficit condition was reported in Cakile maritime [35] and tomato
cultivars [8]. The higher proline content could be due to enhance activity of ornithine aminotransferase (OAT) and pyrroline
5-carboxylate reductase (PSCR), the enzyme involved in proline biosynthesis as well as the inhibition of proline oxidase,
proline catabolizing enzymes [36]. Earlier reports mentioned that sugars protect the cells during drought by the following
mechanism; the hydroxyl groups of sugars may substitute for water to maintain hydrophilic interactions in membranes and

proteins during dehydration [35,37].

Analysis of variance showed non-significant effects of irrigation and fertilization system on leaf relative water content
(TABLE 2). It may be due to water providing (uptake and maintain) by mycorrhizal symbiosis and/or P supply of chemical
phosphorus and PSB treatments. Shokrani et al. [38] reported that in Calendula officinalis leaf relative water content not

affected by water deficit.

TABLE 2. Variance analysis of irrigation, biological and chemical phosphorus effects on some physiological

characteristics of Calendula officinalis L.

Source of | df | Chlorophyll- Total Chlorophyll- | Carotenoid | Proline | Soluble RWC Flower Seed
variation a chlorophyll b sugars yield yield
Block 2 0.01 0.01 0.008 0.001 0.2 5544.19 2.9 5296.01 126774.62
Irrigation | 1 0.03 0.12” 0.017 0.014™ 375 | 357604 | 138.7™ | 746907.73" | 1144646.53"
Phosphorus | 5 0.007™ 0.02" 0.009" 0.003™ 0.17™ | 6158.77™ | 29.9™ | 156433.98" | 1311308.61"
Irrigation x | 5 0.01™ 0.02"™ 0.007™ 0.007" 1.27 | 42928.137 | 72.7™ | 135896.21 | 690608.24"
phosphorus

Error 22 0.007 0.01 0.003 0.002 0.22 793134 | 36.7 | 12723.49 29523.4
CV (%) | - 15.84 16.70 20.23 18.63 28.19 15.75 11.62 4.53 4.43

*and ** significant at P < 0.05, P < 0.01, respectively; df, degree of freedom; C.V., Coefficient of Variation.
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FIG. 1. Means comparison for leaf chlorophyll-a (A), total chlorophyll (B), chlorophyll-b (C and D), carotenoid (E) of

Calendula officinalis L. under experimental treatments. The dissimilar letters show significant differences at P < 0.05.
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FIG. 2. Means comparison for leaf proline of Calendula officinalis L. under water deficit condition and phosphorus

sources. The dissimilar letters show significant differences at P < 0.05.
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FIG. 3. Means comparison for leaf soluble sugars (TSS) of Calendula officinalis L. under water deficit condition and

phosphorus sources. The dissimilar letters show significant differences at P < 0.05.
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FIG. 4. Means comparison of Calendula officinalis L. flower yield under water deficit condition and phosphorus

sources. The dissimilar letters show significant differences at P < 0.05.
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The significant reduction was observed for flower (11%) and seed (9%) yield of non-P treated control plants under irrigation
at 50% FC compared to 80% FC. The yield of flower was improved by mycorrhizal plants (G. hoi and G. intraradices in
non-stressed plants, and G. mosseae and G. intraradicesas well as chemical P in stressed plants) (FIG. 4). In non-stress
condition, seed yield was improved by all three species of mycorrhiza as much as chemical P. This increase was occurred in
stress condition by biofertilizer treatments (mycorrhizal plants and P solubilizer bacteria) (FIG. 5). According to results,
under water deficit condition flower and seed yield of C. officinalis were significantly reduced 10 and 9% respectively. Under
water deficit stress stomatal closure and decrease in absorbing CO, led to reduction in photosynthesis and plant yield [39].
Significant reduction of flower and seed yield in C. officinalis under water stress reported by Azimi et al. [40] and Shubhra et
al. [41]. The yield (flower and seed) enhancements by biofertilizers are related to water absorption and mineral nutrients
uptake [34]. Habibzadeh and Abedi [42] showed that both mycorrhiza species (G. mosseae and G. intraradices) significantly
increased the seed yield in Mung Bean plants.
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FIG. 5. Means comparison of Calendula officinalis L. seed yield under water deficit condition and phosphorus sources.

The dissimilar letters show significant differences at P <0.05.

Correlation coefficients of studied traits were shown in TABLE 3. These data indicated significantly positive relationships
among photosynthetic pigments (chlorophyll-a, chlorophyll-b, total chlorophyll and carotenoids). However, the seed yield
was significantly increased by increasing flower yield. Proline was change simultaneously with TSS. There were negative
and significant correlations between TSS and yield (both seed and flower) (TABLE 3).

TABLE 3. Correlation coefficient of studied traits.

1) ) 3 (4) ®) (6) (7 ® [0
(1) Chlorophyll-a 1
(2) Chlorophyll-b 0.37" 1
(3) Total chlorophyll | 0.87" | 0.77" 1
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(4) Carotenoid 0537 | 0537 | 0.66 1

(5) Proline -0.003™ | -0.09™ | -0.06™ | -0.007™ | 1

(6) TSS -0.25™ | -0.17™ | -0.28™ | -0.34" | 0.49" 1

(7) RWC -0.11™ | -0.27™ [ -0.22™ | -0.33" | 0.29™ | 0.18™ 1

(8) Flower yield 0.27™ | 0.19™ | 0.30™ | 0.25™ |-0.03™ [ 055" | -0.02" | 1

(9) Seed yield -0.08™ | 0.02"™ | -0.03™ | -0.27™ | -0.36" | -0.31" | -0.26™ | 0.38" | 1
*and ** significant at P < 0.05, P <0.01, respectively;

Conclusion

The results of this study have demonstrated that water deficit stress decreased 12% chlorophyll-a, 26% chlorophyll-b, 16%
leaf total chlorophyll for all P treatments, and 45% carotenoid for control non-P treated control plants. Despite the unchanged
proline, leaf total soluble sugars increased about 53% in stressed non-P treated plants. This study has shown that use of
phosphate-solubilizing bacteria and mycorrhiza fungi could improve the plant resistance to water stress, and a reduction in
use of chemical fertilizer, because of same or higher yield (Flower and Seed) due to increasing osmolytes and maintenance
the RWC. A part of water deficit-induced reduction of flower and seed yield can be compensated by biological (mycorrhizal
fungi and phosphate solubilizer bacteria) as same as chemical treatments. But the mycorrhizal symbiosis enhanced the yields
to higher amounts than the other. Seed yield has been correlated by osmolytes (Proline and TSS) changes, but the yield of
flower has been only changed negatively by TSS, that is exhibited the importance and effectiveness of TSS more than proline

in Pot marigold plant.
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