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ABSTRACT

Effective microorganisms (EM) are important beneficial fungi and bacteria mixed culture that is used as an inoculant to
improve soil quality and health, enhance plant growth, yield, and quality. This study was conducted to evaluate the effect
of inoculating various concentration of EM (50, 100 and 200 mL L") on growth of wheat (Triticum aestivum L.) seedlings,
grown under NaCl regime (6 dS m™), including fresh and dry weight, chlorophyll content, maximum fluorescence yield
(Fum), variable fluorescence yield (F,), optimum photosystem II (PSII) quantum yield (QY) and ratio of fluorescence
decline in steady state (RFD). Seedlings subjected to salt treatment exhibited significantly 60% and 30% reduction in
both fresh in dry weight; respectively, however, when seedlings under saline condition were treated with EM at both
50 and 100 mL", fresh weight was increased two folds. However, for both dry weight and plant length, EM at 100 mL"'
showed the highest significant values compared to salt treated seedlings (40% and 18%, respectively). Salinity treatment
reduced significantly chlorophyll content, F,/F, and QY, however, the addition of EM at 200 mL L™ alleviated the effect
of salt stress on photosynthetic parameters. The application of both 100 and 200 mL L' alleviated the salt effect resulted
in a similar chlorophylls content as the control (36.23 and 34.12 SPAD units) respectively. EM application at 200 mL L™
significantly lowered electrical conductivity from 14.35 to 10.29 dS m™' of the media. In conclusion, EM can be used to
counter act salt effect in soil and improve growth behavior of wheat plants under salinity conditions.
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INTRODUCTION

Salinity is considered as one of the important abiotic stresses that affect plant growth. Nearly, more than 6% of the total
cultivated land of the world is suffering from salinity mainly in arid and semi-arid regions (Bui, 2013). About 20% of
irrigated land and 2% of rainfed agricultural land in the world is suffering from salinity (Singh and Jha, 2016). Nutrient
uptake and plant growth are reduced by the accumulation of salt in the soil solution (Singh and Jha, 2016), plants growing
in saline conditions undergo osmotic stress due to the rise in the concentration of Na* and CI, which leads to ionic
imbalance in plant tissue and resulting in reduction of the uptake of nutrients (Hasegawa et al., 2000). Plant tolerance
to different abiotic stresses including salinity is highly linked to antioxidant enzymes. Antioxidant enzymes and non-
enzymatic antioxidants produced by plant cells protect plants against salinity stresses (Upadhyay and Singh, 2015).

Salt tolerance depends mainly on the ability of roots to uptake Na* and CI, either restricted or controlled uptake,
and continue uptake essential nutrients, mainly K* and NOs3". As a consequence, the favorable uptake of K* over Na*
is considered as an important issue related to salinity tolerance in various halophytes and non-halophytes (Ashraf
et al., 2004).

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 81(3) JULY-SEPTEMBER 2021 351



Several mechanisms are used to alleviate or control the influence of salt stress on plants and one of them is using salt-
tolerant root-colonizing bacterial inoculants (Egamberdieva and Kucharova, 2009). Soil microorganisms have beneficial
effect on increasing fertility and crop yield (Long et al., 2014; Xu et al., 2016; Sun et al., 2017; Mtolera and Dongli, 2018)
for instance, microorganisms such as Pseudomonas, Azotobacter, Azospirillum and arbuscular mycorrhizal fungi are able
to release growth promoting factor, i.e., gibberellins and auxins that play an important role in reducing salt stress in host
plants (Evelin et al., 2009). Growth promoting activities of microorganisms has been reported during salinity stress of
several plants including wheat (Kaushal and Wani, 2016). Upadhyay and Singh (2015) reported increase in dry weight,
total soluble solids and proline content in wheat inoculated with plant growth promoting rhizobacteria (PGPR) strains,
and grown under different salinity levels. Bui (2013) reported that growth and yield attributes were improved in wheat
grown under different salinity levels and inoculated with multi-strain of growth promoting bacteria. The ability of these
microorganisms to increase nutrient absorption, developing plant root system and controlling plant pathogens, lead to its
widespread use and it is expected that in the future they can replace a portion of chemical fertilizers (Kaushal and Wani,
2016; Safari et al., 2016).

Effective microorganisms (EM) are important beneficial microorganisms mixed cultures used as inoculant to increase
microbial diversity of soil and water (Mtolera and Dongli, 2018). This usually can improve soil quality and health, which
will enhance plant growth, yield, and quality. Wheat (Triticum aestivum L.) is the main cereal crop cultivated under rain-
fed conditions in Palestine. Soil salinity is one of the major restrictions of wheat cultivation; therefore, the objective of
this study was to evaluate the potential use of EM for improving growth of wheat under NaCl stress conditions.

MATERIALS AND METHODS

Plant and soil preparation

Wheat (Triticum aestivum L.) seeds of the local var. Dubbie were surface sterilized with 70% alcohol and then seeded
in sterilized plastic petri dishes (9 cm diameter) with filter paper, seeds were watered with distilled water until started
germination. Germinated seeds were then carefully transferred to sterilized plastic pots (10 x 10 x 15 cm) containing
heat-sterilized sandy loam soil with the following properties: pH 7.55, electrical conductivity (EC) 1.78 dS m™, 2.724%
organic matter, 0.29% total N, 260 mg Ca, 120 ppm Mg, 16 ppm Na, 60 ppm K, 244 ppm P. Four seedlings were planted in
each pot. The experiment was conducted under controlled conditions in a growth chamber at 22 °C day/night temperatures
and 12:12 h light/dark cycle (light intensity was 350 pmol m? s™'). Plants were manually irrigated with distilled water as
required for 7 d. After that, plants were irrigated with a solution of NaCl at 6 dS m™. Control plants were irrigated with
distilled water.

Effective microorganisms application

Effective microorganisms (EM) culture was a mixed culture of beneficial microorganisms, primarily photosynthetic and
lactic acid bacteria, and yeast (EM.1, TeraGanix, South Alto, Texas, USA), the culture (EM.1) was activated by using 1
part EM, 1 molasses and 20 distilled water, the culture was kept in a growth chamber at 25 °C for fermentation. After 2
wk, the activated culture was ready to be used, three levels of the diluted stock were applied (50, 100, and 200 mL L™").
Two milliliters of each concentration of EM were added to six pots, distilled water was added to the control treatment,
and NaCl treatment received only NaCl solution (Table 1). The experiment was arranged in complete randomized design
with six replicates.

Measurement and data analysis

Data were collected 3 wk after application. Chlorophyll content in plant samples was measured by chlorophyll meter (SPAD-
502, Konica Minolta Optics, Osaka, Japan). Photosynthesis was also measured using the FS-FI-2200 FluorCam System
(PSI [Photon Systems Instruments], Drasov, Czech Republic). Before transporting the plants to the FluorCam System, the
last fully expanded leaf of each plant was placed in a horizontal position and it was installed by metal staples. Immediately,
the plants were transferred to the FluorCam system, measurements were collected every 2 h for 3 d, photochemistry were
driven by blue 450 nm actinic light (200 mE m™? s), data obtained for the analysis included: maximum fluorescence
yield (Fn), variable fluorescence yield (F,), optimum photosystem II (PSII) quantum yield (QY) and ratio of fluorescence
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Table 1. Treatments used in the experiment.

Number Treatment

1 Control (distilled water)

2 NaCl 6 dS m"!

3 NaCl 6 dS m™ + 50 mL L' effective microorganisms (EM)
4 NaCl 6 dS m" + 100 mL L' EM

5 NaCl 6 dS m™ + 200 mL L' EM

decline (RFD) in steady state. Emission images were taken by Charge Coupled Device (CCD) camera built in FS-FI-2200
FluorCam System. At the end of the experiment, after 6 wk when seedlings under salt treatment became yellow and dried,
the whole plants including shoot and root system were weighed, then were oven dried at 60 °C for 48 h. Plant length was
also measured for each replicate, soil samples were also taken from each replicate and analyzed for chemical properties.
Data were analyzed using Minitab 18 software (Minitab, State College, Pennsylvania, USA). ANOVA was conducted
followed by mean separation using LSD test at 0.05 probability level, numbers were presented as averages.

RESULTS AND DISCUSSION

Data revealed that NaCl application significantly reduced plant fresh and dry weight as well as plant height (Table 2).
Application of EM significantly improved plant height and plant fresh and dry weights under NaCl treatment. However,
higher levels of EM1 limited plant growth, which may be due to microbes consuming nutrients for their own survival. The
other two concentrations of EM1 (50 and 100 mL L") had a substantial positive impact on all measured growth parameters
and were not significantly different from the control (Table 2).

Salt inhibited plant growth and interfered with important cellular processes, leading to reduction in biomass. One of
the possible factors of the inhibitory effect of salts on plant dry weight is that salt leads to nutrient imbalance and increase
ion-deficiency, which decreases the plant ability to take up water and nutrient (Deinlein et al., 2014). Fresh weight was
increased with bacterial inoculations. This increase reflects that bacteria can play an important role in improving wheat
ability to uptake Na* from soil, making water more available to plants or increasing the water status of plants (Afrasayab
et al., 2010). According to Talaat (2015) and Mtolera and Dongli (2018), EM application reduced the negative effects
of salinity, which is in agreement with our results, where both fresh and dry weight were reduced with salt application,
the EM application to the salt treated plants showed same results as the control. Similar results were reported by other
researchers (Egamberdieva and Kucharova, 2009; Bui, 2013; Safari et al., 2016; Li and Jiang, 2017). Application of
EM induced salt stress tolerance through enhancing induced systemic tolerance, which involves different physiological
and biochemical changes including modulation of plant hormonal levels (Evelin et al., 2009; Girgis and Abdel-Rassoul,
2011; Belimov et al., 2015; Cohen et al., 2015; Pourbabaee et al., 2016), osmotic regulation (Armada et al., 2014), stress
response genes (Kim et al., 2014) and decrease stress volatile release (Timmusk et al., 2014).

In this study, relative chlorophyll content of plant leaves was measured (Table 3). Leaf chlorophyll content was
significantly (P < 0.01) reduced by NaCl at 6 dS m™'. Nonsignificant differences were observed between inoculated and
non-inoculated plants (control) (39.23 SPAD units) with EM application of 100 and 200 mL L' (36.23 and 34.12 SPAD
units) respectively.

Table 2. Effect of effective microorganisms (EM) on plant fresh weight, dry weight and height of wheat seedlings
under NaCl stress.

Treatment Plant fresh weight Plant dry weight Plant height

g g cm
Control 1.1705 = 0.064a 02372 +0.0154a 29.75 £ 1.70a
NaCl 0.4820 + 0.066¢ 0.168 = 0.0209b 24.50 £ 0.894b
NaCl +50 mL L' EM 0.9212 +0.074ab 0.2696 +0.0210a 26.92 + 1.23ab
NaCl +100 mL L' EM 0.995 +0.1220ab 02773 +0.035a 30.00 £ 1.06a
NaCl + 200 mL L' EM 0.7748 + 0.089b 0.2210 £ 0.0273ab 2592 +1.28b

Values are mean + SE (n = 6).
Means per columns with same letter are not significantly different according to LSD test (P =0.05).
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Table 3. Effect of effective microorganisms (EM) on chlorophyll content and photosynthesis of wheat seedlings
under NaCl stress.

Treatment Chlorophyll (SPAD) Fu/Fn QY RFD
Control 39.23 +0.94a 0.6237 + 0.004a* 0.604 +0.007a 0.1623 +0.061b
NaCl 29.43 +£2.09bc 0.5167 +0.035¢ 0.452 +0.040c 0.6750 £ 0.153a
NaCl +50 mL L' EM 28.10 +4.47c¢ 0.5840 +0.018ab 0.5628 + 0.025b 0.5180 + 0.130ab

NaCl +100 mL L' EM 36.23 + 1.44ab 0.5473 +£0.019bc 0.5127 +0.023bc 0.6290 + 0.170a
NaCl+200 mLL'EM  34.12 + 1.89abc 0.5850 + 0.009bc 0.5647 +0.015ab 0.4657 + 0.096ab

Values are mean + SE (n = 6).
Means per columns with same letter are not significantly different according to LSD test (P = 0.05).
F\/Fn: Leaf maximum quantum yield; QY: quantum yield of photosystem II; RFD: fluorescence decline ratio.

Chlorophyll content is an important physiological parameter that can be used as an indicator of plant reaction to stress.
In this study, NaCl stress decreased chlorophyll content in wheat seedlings. Li and Jiang (2017) reported that NaCl stress
decreased chlorophyll content in different plants, including wheat. Reduction in chlorophyll had a negative effect on
photosynthesis, which leads to reduced plant fresh weight. This may be referred to the fact that higher salt concentrations
inhibited synthesis of a precursor of chlorophyll, 5-aminolevulinic acid which causes reduction in chlorophyllase (Santos,
2004). Pourbabaee et al. (2016) and Bahmani et al. (2016) reported enhanced chlorophyll content in wheat grown under
saline conditions and inoculated with halotolerant bacterial strain of Bacillus mojavensis.

A reduction of 26% in chlorophyll content was observed at 6 dS m'. The photosynthetic activities of plants grown
under salt stress could be reduced by the effect of NaCl decrease. EM significantly improved photosynthetic pigments of
plants (Li et al., 2020).

Data of photosynthetic activities (chlorophyll fluorescence) are presented in Table 3. The results showed
significant reduction of the quantum yield of dark adopted leaves (F,/Fn), and the quantum yield of photosystem
IT (QY) from light adopted leaves of wheat plants under salinity condition, however, when EM was supplemented
with salt treatment, F,/F, was increased similar to the control for the salt + 50 mL L' EM treatment, the lowest QY
value was recorded with salt treatment, the highest was in the control, but without significant difference from salt + 200
EM treatment. For RFD the value was higher with salt treatment and differed significantly from the control. In general,
data on photosynthesis variables revealed that there was nonsignificant difference between inoculated and non-inoculated
plants, however, plants treated with 50 mL L' EM showed a slight significant reduction in chlorophyll content, this was
in line with results of Adhikari et al. (2019). These results indicated the positive effect of applying EM and by counterpart
the negative effect of salt on photosynthetic activities.

Photosynthesis is a significant variable used to evaluate plant tolerance to abiotic stress. High correlation was observed
between plant growth and photosynthetic rate in many plants including wheat (Maxwell and Johnson, 2000). Chlorophyll
fluorescence is a quick and non-intense method used in plants screening for salinity tolerance. This study reported
significant reduction in photosynthesis activities under NaCl treatments. Saline conditions reduced photosynthesis and as
a consequence growth and productivity were reduced (Abdeshahian et al., 2010).

Leaf maximum quantum yield (F,/Fy) is the most important chlorophyll fluorescence parameter that results in an
intense reduction under stress conditions (Kanwal et al., 2011). Lower F,/F,, under salt stress conditions enhance the
regeneration of ribulose-1,5-bisphosphate (RuBP), which needs adequate electron translocation from PSII to electron
acceptor, might be disturbed by salinity F./Fn, which was reduced under saline condition in different wheat cultivars
(Kafi, 2009). Based on the measured chlorophyll fluorescence parameters, salinity negatively affected photosynthesis
efficiency in Arabidopsis. In addition, applying EM enhanced plant ability to tolerate the induced salinity stress. Effective
microorganisms concentration of 10 mL L resulted in the best results (Kalaji et al., 2016), our result also indicated a
counteracting effect of salt stress in wheat.

The EC and pH values from soil samples of different treatments are shown in Table 4. EC increased significantly when
NaCl was added, with the highest EC value obtained with salt treatment only (14.34 dS m™), however, the addition of the
EM reduced the EC value (10.29 dS m™) with a significant reduction at the higher EM level (200 mL L*"). According to the
EM’s manufacture manual, the high concentration of EM may cause more nutrient consumption in the media, lowering
EC, such assertion agreed with Mouhamad et al. (2017) findings. The pH value was the same for all treatments.
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Table 4. Effect of NaCl and effective microorganisms (EM) on electrical conductivity and pH of soil media.

Treatment Electrical conductivity pH

dS m’!
Control 2435 +0.882¢c 7432 +0.0822a
NaCl 14.355 £0.0952a 7467 £0.112a
NaCl +50 mL L'' EM 12.520 + 0.952ab 7.480 +0.106a
NaCl +100 mL L' EM 12.055 +£0.738ab 7457 £0.097a
NaCl + 200 mL L' EM 10.290 +£0.972b 7.510 £0.093a

Values are mean + SE (n = 6).
Means per columns with same letter are not significantly different according to LSD test (P =0.05).

Our finding was in agreement with Mtolera and Dongli (2018), who found that the application of EM reduced EC of the
drained solutes. It has been reported that EM technology had positive effect on crop quality and at the same time has great
potential to improve soil chemical and physical properties (Hu and Qi, 2013; Talaat, 2015; Mtolera and Dongli, 2018). In
our experiment, the effect of EM application on soil pH was not clear, however, in a long term experiment of 11 yr (Hu
and Qi, 2013; Belimov et al., 2015) reported significant reduction on soil pH from 7.53 to 7.15 with EM application. Soil
pH adjustment result in increasing availability of nutrients for plant growth.

CONCLUSIONS

This work advocates that effective microorganisms (EM) application for wheat under NaCl stress condition can alleviate
the NaCl stress effect. In addition, it showed that chlorophyll fluorescence yield, and quantum efficiency of photosystem
IT are reliable indicators of tolerance to salinity stress in wheat plants and that EM can reduce its impact. Therefore, EM
can be used to enhance production of wheat grown in salinity-affected areas, however, more investigations are needed
with different inoculations protocols and more wheat varieties.
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