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Introduction

Saline soils resulting from natural and/or anthropogenic processes are very diverse and widely distributed under
all climates. Soil salinity as a serious environmental problem has negative effects on plant growth and development
in arid and semi-arid as well as humid regions. Since increasing global food security is a fundamental goal to feed
the growing world population, it is necessary to develop suitable and efficient techniques for the rehabilitation of
salt-affected soils and their exploitation. Chemical fertilizers are usually used to provide nutrients required for plant
growth in order to increase crop yield, but application of these chemical components has negative environmental
effects and reduces the quality of soils and agricultural products. The use of beneficial microorganisms (bacteria and
fungi) as fertilizers and biological amendments has a high potential to improve productivity in saline soils. The aim
of this study was to investigate the effect of using Acidithiobacillus bacteria along with mycorrhiza on the production
of some photosynthetic and biochemical metabolites in maize under salt stress and comparing it with control
conditions.

Materials and Methods

To perform this experiment, a surface soil sample was collected from a depth of 30 cm from the campus of
Ferdowsi University of Mashhad, and some physical and chemical properties of the soil were measured by usual
laboratory methods. To prepare saline soil a mixture of four compounds MgSO..7H,0, Na,SO4, NaCl, and CaCl..
2H,0 were used. The mycorrhizal fungus (Funneliformis mosseae) and mesophilic Acidithiobacillus bacteria species
two types of bacteria, Acidithiobacillus thiooxidans PTCC No: 1692 (DSM 504) and Acidithiobacillus ferrooxidans
PTCC No: 1646 (DSM 583), were purchased from Turan Biotechnology Company (Semnan Science and Technology
Park) and Iran Microbial Scientific and Industrial Research Center (PTCC), respectively. In this research, the effect
of biological treatments including: two levels of mycorrhiza (inoculation and non-inoculation), two levels of salinity
(0.96 and 6 d/m) and four levels of Acidithiobacillus control (C), Acidithiobacillus thiooxidans (T), Acidithiobacillus
Ferrooxidans (F), Acidithiobacillus thiooxidans and Ferrooxidans (T+F) were compared with each other on some
photosynthetic and biochemical characteristics of Zea mays under greenhouse conditions in the form of a completely
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randomized design with factorial arrangement with three replications. 10 gr of salt mixture (this amount of salt was
obtained to reach electrical conductivity of 6 in the pre-experiment) was added to 5 kg of soil and the soil moisture
of the pots was kept for one month in the field capacity. Bacterial treatments were inoculated with 30 mL of cell
suspension per pot (approximately 107 CFU mL™). In the simultaneous use of two bacteria, 15 ml of each bacterial
cell suspension (15+15) was added to each pot. Single-cross 704 variety of maize was grown in pots and soil moisture

was maintained during the growth period in the field capacity by weighing. Chlorophyll a, b and carotenoid,

concentrations of flavonoids, anthocyanins and proline and electrical leakage were measured in fresh leaf samples
(third leaf on the stem).

Results and Discussion

The results showed that salinity decreased the percentage of root colonization and chlorophyll a and b content in
leaves. Salinity decreased chlorophyll a, b and carotenoid in leaves by 27.9, 68.42% and 50%, respectively. Salinity

increased proline concentration (42.62%), electrolyte leakage (33.30%), anthocyanins concentration (96.36%) and
leaf flavonoids (84.73%) compared to control soil. Inoculation with mycorrhiza compared to no inoculation had a
remarkable and significant effect on all investigated parameters in both saline and control soils. In saline soail,
mycorrhizal inoculation reduces electrolyte leakage (56.75%) and increases chlorophyll a (2.3 times), chlorophyll b
(6.6 times), carotenoid (1.3 times), proline concentration (24.39%), anthocyanins amount (24.07) and flavonoids
(20.4%) in the plant. The effect of bacterial treatments on the investigated parameters in plants inoculated with
mycorrhiza was greater than non-inoculated treatments. The effectiveness of the simultaneous application of both
bacteria was greater than the effect of each of them alone. In saline soil, simultaneous inoculation of mycorrhizae with
both bacteria species reduces electrolyte leakage (14.72%) and increases chlorophyll a (39.80%), chlorophyll b
(106%), carotenoid (50%), proline concentration (10.12%), the amount of anthocyanins (14.17%) and flavonoids
(4.06%) compared to mycorrhiza treatment alone. The results showed that these bacteria can probably be considered
as helping mycorrhizal bacteria.

Conclusion

The objective of this study was to examine the impact of simultaneous inoculation of mycorrhizae and
Acidithiobacillus bacteria on select photosynthetic and biochemical metabolites of maize subjected to salinity stress
conditions. Confirming the results of other studies, the results of this research also showed the clear and distinct effect
of mycorrhiza on increasing chlorophyll and producing metabolites effective in increasing plant resistance to salt
stress. In addition, the results showed that although the use of each species of Acidithiobacillus ferrooxidans and
Acidithiobacillus thiooxidans alone was effective on the measured parameters in both saline and control soils, the
simultaneous inoculation of both Acidithiobacillus bacteria species and mycorrhiza had the greatest effect on
increasing chlorophyll, production of proline, anthocyanins and flavinoids and reducing electrolyte leakage and as a
result, increasing tolerance to salt stress. In other words, these bacteria can be considered as mycorrhiza helper
bacteria, whose activity can improve the function of mycorrhiza. On the other hand, mycorrhiza symbiosis may have
increased the efficiency of these bacteria by changing the soil conditions and the environment around the roots.
However, further greenhouse and field experiments with other plant species are necessary to confirm these findings.
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Figure 1- Interaction of salinity, mycorrhizal inoculation and bacteria species on presentage of root colonization
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous ferrooxidans
(F) and co-inocoulation of both bacteria species (T+F)
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Means with the same letters are not significantly different at 5% probability.
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Figure 2- Interaction of salinity, mycorrhizal inoculation and bacteria species on chlorophyll a
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous
ferrooxidans (F) and co-inocoulation of both bacteria species (T+F)
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Means with the same letters are not significantly different at 5% probability.



VPV Clguod,l — (320,959 ) e)M‘Y’AAJq‘JGggT 4 s LV

1.4 - Econtrol Bsalinity

Chlorophyll b (mg/gFW)

T

Non-Myecorrhizal inoculation

MC  M+F  M+T  M+F+T

Mycorrhizal inoculation

D Judg IS 31 wobamolion (5 5SL i £95 9 (M) (532,950 Tl ¢(§,9m0 yiiSo y —Y S50

(THF) 65580 @55 9 lojon el (F) puilbeaasTysd uplewlind sotiaol b il (T) GuilbiaaSTod oploolissd (sl b il (C) (6 58k gl (90
Figure 3- Interaction of salinity, mycorrhizal inoculation and bacteria species on chlorophyll b
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous
ferrooxidans (F) and co-inocoulation of both bacteria species (T+F)
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Figure 4- Interaction of salinity, mycorrhizal inoculation and bacteria species on Carotenoid
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous ferrooxidans
(F) and co-inocoulation of both bacteria species (T+F)
(P <ole0) sl ajloss oy 45 ime glds s imd i Cglite S g8 By >
Means with the same letters are not significantly different at 5% probability.

GBS o WlsS IS adlae uity sisSeent olalS
Heydari & ) wsls oL |y oy 51 VL gshw hysSe
zil lS )5 gy zexs (Pirzad, 2020; Liu et al., 2022
A5 53 13 p98e (o Bl el 6 lyieds (63259500 B L oS
S5 dlge 5l (S g ool (Splie Gl G gd e 43S
Santander ) uuS' o a5 e i ot oS Caol (SBLS ) ppe
J(etal., 2019

e 9 229 JB SRl el 6)90 ST 1CWg pSUI Gl
£ USs) ws i ek LS b duslie jd Culg xSl cuts (gl
5 2rSL) (Sigden e den ;> Culg pSUl s oy 39
9295 SB 93 2 3 (C) zdli (g 28 L duglie )5 (52095
il aald g jed S gy 0 o Ll b ee Eals sals
(C) aols L aulie > LSk (slojlogs Jl 15255800 )8 b ot
bl ol (g 29 St g ) gine Syl cuts S
Bl 39 45 bize glas

2k oSl @il P ged S 1S sbajles

oy 9 991 5l e (MAFHT) (35 65 93y (lajen 38
Jald lasd 4 s )38 Mo pd VAT L gy cdale iolial
ol 03 SjsSee yf oLl Hlas 4 Cund LoD YEAR g (g5y580e
O 48 ol Ui gl LIS jebody (0 JSUS) A (5,50}l e
2 1iagSen @) Sl g ab ol ) gy clale (Il el ()98
el 558k 655 9 Glojer il g dre (I
Cute 36 g cdale (RIBL s T3)58e @B 9 (uphals
d[zbdj e JL@ J.:de.g Cwl ,S«o Ohbl.,f (LSS L:.:‘).w 59 sy
Bharti & Barnawal, ) xas (i3l 1y, Sy ey golew (i
Gypd s cod LS saies xS ey ess (2019
Cugly baas &y oyl (Hameed et al., 2014) cuwl odds j5)l55
b ogd o285 e SISl el LS a5 S e S
bas 3 ege a8 ey (Lei et al, 2016) aad o sials
G 2 ysb slalazme 3 Jsko GBLEE 5 oSy (sl
o lgicd Bpo aSul gl 4 gy 45 65,8 555 Slilas
(b 5 S Sy plgisas Slgi oo il grkas (el 0uiS
L 4wlis ) (Abdel Latef et al., 2009) 8" Jos (Seoi ol



VPV Clguod,l — (320,959 ) o)M‘YAAJq‘JBgyTQJAJ A

B control  Msalinity

Proline (umol/gFW)

C F T

Non-Myecorrhizal inoculation

MC  M+F  M+T  M+F+T

Mycorrhizal inoculation

o » owolwliod § 38U i £95 9 (M) (32,950 gl (590 WiiSod y9 -0 JSWo

(THF) (8L 968 93 (lojon guili (F) uilbeassTy b oplwbsns st b el (T) puilbcaSTod ushaolad (sdewl b gils (C) (s pSL il 9
Figure 5- Interaction of salinity, mycorrhizal inoculation and bacteria species on proline
Non bacteria inoculation (C), inoculation with Acidithiobacillous thiooxidans (T), inoculation with Acidithiobacillous ferrooxidans
(F) and co-inocoulation of both bacteria species (T+F)
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