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HE DEGRADATION of soil characteristics caused by salinity and sodicity gives rise to severe 

limitations on crop production. Therefore, the current study was conducted in a split block design 

with three replicates during the winter (2019/2020) and summer (2020) seasons at Sakha Agriculture 

Research Station Farm, Kafr El-Sheikh Gov., Egypt to study the integrated effect of gypsum with 

mycorrhizae fungi inoculation to improve saline-sodic soil properties and bacterial communities, 

physiological and productivity of wheat and maize plants. The treatments included different soil 

gypsum levels (G0: none, G1: 7.5 Mg ha-1, and G2: 10 Mg ha-1) of the requirements and mycorrhizal 

fungi inoculation (without inoculation AMF0 and inoculated AMF1). The results showed that the 

combination of G2 + AMF1 caused significant changes in the photosynthetic activity, antioxidant 

enzyme activities (catalase, peroxidase and superoxide dismutase), mycorrhizal root colonization, total 

bacterial counts, P solubilizer bacteria, and respiration of microbial soil in the Rhizosphere of wheat 

and maize. In addition, after two growing seasons, electrical conductivity (EC) decreased from 7.09 to 

4.57 dS m-1, exchangeable sodium percentage (ESP) from 19.35 to 15.47 and soil bulk density (BD) 

from 1.38 to 1.31 Mg m-3. While the exchangeable calcium percentage (ECaP) increased from 11.51 

to 15.47, available phosphorus (Av. P) from 8.19 to 11.17 mg kg-1, infiltration rate (IR) from 0.7 to 

0.97 cm hr-1, and total porosity (TP) from 47.92 to 50.44 % and G2 + AMF1 treatment gave the highest 

grain yield of wheat and maize were 7.72 and 8.52 Mg ha-1, respectively. Current findings concluded 

that the incorporation of gypsum application with AMF inoculation could be applied as an effective 

way of ameliorating saline-sodic soil characteristics and alleviating the hazardous effects of soil 

salinity and sodicity on wheat and maize plants. 
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1. Introduction 

Globally, salt-affected soils were estimated an area of 

11.74 million km
2
, and the continents which con-

tained the highest areas were Asia, Africa, and Aus-

tralia (Hassani, et al., 2020; FAO, 2021). In Egypt, it 

occupied approximately 33% of the Nile Delta Re-

gion; the remaining areas are threatened due to the 

promotion of soil degradation (Mohamed, 2016), 

while in Kafr El-Sheikh Gov. (Northern Nile Delta, 

Egypt) more than 50% are salt-affected soil (Ab-

delRahman et al., 2019; Aboelsoud et al., 2022). The 

salt-affected soil is formed by the simultaneous effect 

of high salinity and Na
 
concentrations in the soil solu-

tion or at the exchange sites which caused the degra-

dation of soil characteristics (Alcívar et al., 2018; 

Kheir et al., 2019). The salt-affected soil characteris-

tics induce morphological and physiological changes, 

increased ion toxicity, decreases leaf water potential, 

alter the biochemical processes in plants; and the 

photosynthesis process. This reflects subsequently on 
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crop production (Shrivastava and Kumar, 2015; 

Evelin et al., 2019; Doklega et al., 2021; El-Nahrawy 

et al., 2022) 

Recommendations approach for amelioration and 

management of salt-affected soils. One, to reclaim 

salt-affected soils; two, to manage salt-affected soils, 

i.e., without reclamation, using alternate suitable ag-

ricultural options such as increasing the salt-tolerant 

of plants, saline aquaculture, etc. The choice depends 

on the feasibility of reclamation and its cost-

effectiveness (Mandal et al., 2018; Yonggan et al., 

2020; El-Ramady et al., 2022). using gypsum 

(CaSO4.2H2O) technology for the reclamation of sod-

ic soil, which is the oldest soil amendment (Kost et 

al., 2018; Presley et al., 2018). Gypsum application 

alleviated the hazardous impacts (Aboelsoud et al., 

2020) by facilitating efficient removal of Na on the 

soil exchange sites through increasing exchangeable 

Ca which promotes clay aggregation, thereby increas-

ing water infiltration and movement through the soil 

physiochemical and enzymatic properties of the soil 

(Fontoura et al., 2019; Aiad et al., 2019 and Zhang et 

al., 2020). 

Arbuscular mycorrhiza fungi (AMF) can form a 

mutualistic symbiosis with most terrestrial plants, 

where, the arbuscules are the site of nutrients ex-

change between the plant and the fungi. Also, AMF 

plays a dynamic role in plant growth under various 

conditions through composing useful symbiotic asso-

ciations with most plants, modulating the root system 

and enhancing the mobilization of elements (Wu et 

al., 2014), and increasing the plant tolerance by up-

regulating enzymatic as well as non-enzymatic anti-

oxidant defense systems (Ahmad et al., 2015); lipid 

peroxidation (Abd_Allah et al., 2015) and phytohor-

mone synthesis (Navarro et al., 2014). Also, endo-

phytic bacteria colonize the internal tissues of host 

plants to enhance their growth, stress tolerance and 

protect plants from soil pathogens (Malfanova et al., 

2011; and Sessitsch et al., 2012). Also, AMF could 

be improving some soil characteristics such as pH, 

nutrient availability, aeration,  soil aggregates, and 

water relationships, that by producing glycol sugar 

protein glomalin (Schreiner et al., 1997; Sheng et al., 

2011). 

Overall, the major target of this current research is 

to study the integration effect of gypsum and AMF 

inoculation on ameliorating soil characteristics and 

productivity of wheat and maize under saline-sodic 

soil conditions. 

 

2. Materials and methods 

2.1. Materials 

2.1.1. Gypsum: It was obtained from the Execu-

tive Authority for Land Improvement Projects (EA-

LIP) in Kafr El-Sheikh Gov., Egypt. Gypsum treat-

ments were G0: none, G1: 7.5 Mg ha
-1

,
 
and G2: 10 Mg 

ha
-1

 (as 0, 75, and 100% gypsum requirement, respec-

tively) mixed by plowing in the upper layer (0–30 

cm) before cultivation. The soil gypsum requirement 

was determined according to Richards (1954) as fol-

lows:  

   
         

   
         

Where GR: gypsum requirement for 30 cm soil 

depth (Mg fed
-1

), ESPi: initial soil ESP, ESPf: the 

required soil ESP decreased to 13 and CEC: cation 

exchange capacity (cmolc kg
-1

).  

2.1.2. The arbuscular mycorrhizal fungi (AMF): it 

was obtained from the Microbiology Dept., Soils, 

Water and Environment Research Institute, Agricul-

tural Research Center, Giza, Egypt. The 200 g of soil 

inoculum containing a starting AMF concentration of 

10 spores g
-1

 soil was mixed with pure sand and then 

inoculated to each hill. The inoculum was placed 5 

cm below the surface of the soil before planting 

2.2. Experimental field setup and treatments 

In a split block design, the experimental field was 

carried out in the winter (2019–2020) and summer 

(2020) seasons at Sakha Agriculture Research Station 

Farm, Kafr El-Sheikh Gov., Northern Nile Delta, 

Egypt (31° 05' 19.8" N and 30° 56' 13.2" E) with an 

elevation of about 6 meters above sea level. The soil 

was heavy clay saline-sodic (Table 1). The experi-

mental field consists of 18 plots (6 treatments x 3 

replications), in which each plot area was 10 m
2
 (4 m 

x 2.5 m). Gypsum formed the main plots and the sub-

plots were occupied by AMF treatments The meteor-

ological data obtained from NASA's MERRA-2 as-

similation model https://power.larc.nasa.gov/ are il-

lustrated in Table 2. 

Ca-superphosphate (15.5% P2O5) was mixed by 

plowing in the upper layer (0–30 cm) before cultiva-

tion. The seeds of wheat (Triticum aestivum L., CV. 

Sakha 94) and maize (Zea mays L., CV.  Hybrid 368) 

were obtained from the Field Crops Research Insti-

tute, Sakha Agricultural Research Station, Kafr El-

Sheikh Gov., Egypt. Wheat seeds were sown on 11 

Nov. 2019 at a rate of 143 kg ha
-1

 and maize was 

sown on 15 May, 15
th

, 2020 at a rate of 24 kg ha
-1

 (2 

grains per hole with 20 cm spacing). The agricultural 

practices for both crops were follow-up through the 

Ministry of Agriculture recommendations in the 

North Delta. 

https://power.larc.nasa.gov/
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2.3. Measurements and Analyses 

2.3.1. Physiological Characteristics: 

After 40 days from sowing, the antioxidant en-

zymes were determined in plant roots samples. In 

spectrophotometer T70, Catalase activity µM (H2O2 

mg
-1 

min
-1 

FW) was determined at 240 nm for 1 min 

following the decomposition of H2O2, while peroxi-

dase activity (U mg
-1

 h
-1

FW) was determined at 240 

nm for 1 min following the decomposition of H2O2 

(Kato and Shimizu, 1987). Superoxide dismutase (U 

g
-1

 FW) was assayed based on its ability to inhibit the 

photochemical reduction of nitro blue tetrazolium 

(Beauchamp and Fridovich, 1971). Photosynthetic 

activity [µm (CO2 m
-2

 s
-1

)] was measured in leaves, 

as CO2 was consumed using a closed gas-analytical 

system LI 6000 (Li-Cor, USA), a portable measuring 

device. 

 

Table 1: Main soil characteristics investigated before cultivated. 

Character Physical characteristics 

Particle size distribution (g kg-1) 

Season Sand Silt Clay Texture 

2019 179.3 296.8 523.9 Heavy clay 

2020 180.6 297.4 522.0 Heavy clay 

 CaCO3 

(g kg-1) 

Bulk density 

(Mg m-3) 

Total porosity 

(%) 

Infiltration rate 

cm hr-1 

CEC 

cmolc kg-1 

2019 24.6 1.38 47.92 0.70 38.54 

2020 24.7 1.38 47.92 0.70 38.68 

 Chemical characteristics 

 pH  

(1:2.5) 

EC 

dS m-1 

SAR ESP ECaP 

2019 8.32 7.09 17.12 19.35 11.51 

2020 8.29 6.84 16.92 19.16 11.58 

 O.M 

(g kg-1) 

O.C 

(g kg-1) 

Available macronutrients (mg kg-1) 

N P K 

2019 11.6 6.73 21.47 8.19 345.6 

2020 11.2 6.50 23.18 8.21 358.3 

 Soluble ions mmol L-1 

 Na+ Ca2+ Mg2+ K+ 

2019 51.97 10.35 8.07 0.441 

2020 50.27 9.92 7.74 0.443 

 CO3
2- HCO3

- Cl- SO4
2- 

2019 - 3.5 39.5 27.8 

2020 - 4.5 43.2 20.6 

 Biological characteristics Log CFU g−1 dry soil 

 Total bacterial counts P-solubilizers 

2019 6.18 4.12 

2020 6.34 4.32 
* CaCO3: Total Ca+2 carbonate, O.M: Soil organic matter, O.C: Soil organic carbon and ECaP: exchangeable calcium percentage were ana-

lyzed as described by Nelson and Sommers, 1983; CEC: Cation exchange capacity determined as the Rengasamy and Churchman, 1999  
method; available N was determined according to Jackson 1973; Available P and K were determined according to Soltanpour 1985. EC and 

soluble ions were determined in soil paste extract. 

Table 2. Meteorological data for winter and summer seasons (2019/2020). 

Seasons month 

Temperature, C° Relative 

humidity 

% 

Wind 

Speed 

Mph 

Pressure 

Hg 

Precipitation 

(mm month-1) Max. Min. Mean 

W
in

te
r 

2
0

1
9

/2
0
2

0
 11-Nov. 22.85 10.95 16.90 55.45 6.96 29.97 0.60 

Dec. 17.35 8.65 13.00 64.00 8.40 30.03 18.60 

Jan. 14.03 7.35 10.69 71.00 8.66 30.11 33.90 

Feb. 15.52 7.79 11.66 70.31 7.67 30.09 17.50 

Mar. 18.77 8.29 13.53 63.77 9.20 29.91 13.70 

18- Apri. 20.94 9.72 15.33 62.33 8.63 29.97 1.90 

S
u

m
m

er
 

2
0

2
0
 

15- May. 29.18 12.12 20.65 49.94 9.65 29.92 0.00 

Jun. 29.53 15.07 22.30 58.17 8.72 29.84 0.00 

Jul. 31.35 19.42 25.39 65.39 8.60 29.72 0.00 

Aug. 31.84 20.03 25.94 65.10 8.56 29.72 0.00 

11- Sep. 32.00 20.73 26.36 67.27 7.91 29.78 0.00 

* Mph: miles per hour; mmHg: millimeters of mercury (Manometric units) 
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2.3.2. Bacterial communities: 

2.3.2.1. Mycorrhizal colonization: 

At the flowering stage, the fine roots were collect-

ed from the lateral root system of each treatment and 

fixed in formalin/acetic acid/alcohol Ratio (v/v/v) 

(FAA) solution until further processing. Root mycor-

rhizal infection was estimated after being stained 

with trypan blue in lactophenol (Phillips and Hay-

man, 1970). Roots were pigmented by 0.5% NH4OH 

and 0.5% H2O2 v/v in water to clear some phenolic 

compounds (Kormanik and McGraw, 1982) before 

acidification with (0.05 M HCl). One cm stained root 

on glass slides with lactophenol was surveyed by a 

digital computerized microscope at 40–10X mag-

nifcation. The infection and development of myceli-

um, vesicles and arbuscules in the roots were calcu-

lated by the formula: 

              
                                    

                                    
     

2.3.2.2. Total bacterial counts: 

Total bacteria and phosphate solubilizing bacterial 

counts were determined in the rhizosphere of wheat 

and maize plants for each treatments by using a soil 

dilution plate technique (Olsen and Bakken, 1987). 

Tryptic-soya agar medium was used for total bac-

terial counts after three days of incubation at 30 C°, 

and Pikovskaya medium (Goenadi and Sugiarto 

2000) was used for phosphate-solubilizing bacterial 

counts; clear zones around the colonies were record-

ed after five days of incubation at 30 C°.  

2.3.2.3. Measurement of Respiration microbial soil: 

Respiration microbial soil (CO2 (mg) 10g
-1

 72h
-1

) 

was estimated according to (Jaggi, 1976). This meth-

od is based on the measurement of CO2 released dur-

ing the microbial activity in the soil. 10 g of soil was 

placed in 50 ml plastic tube, and then plastic tubes 

were fitted into a Duran bottle containing 25 ml 0.05 

NaOH (prepared with CO2 free distilled water) where 

the tubes were kept at the neck of the bottle. The 

same system but without soil was used as a blank and 

system with uninoculated carrier as control. Bottles 

were incubated for 72 h at room temperature. After 

incubation, plastic tubes were removed and 5 ml of 

(0.5 M) barium chloride was add to NaOH solution 

followed by a few drops of phenol phethalin, Mixture 

was titrated with (0.05 M) HCl with continuous stir-

ring until red color turned to colorless. The rate of 

respiration was calculated according to the following 

relationship:  

   (  )     
(    )     

    
 

CW: the amount of soil dry weight in gram  

t: incubation time (h)  

V0: volume of HCl titration of blank  

V: volume of HCl titration of sample 

 d.wt: dry weight of 1 g soil 

Conversion factor (1 ml 0.05 M NaOH= 1.1 mg 

CO2). 

2.4. Crop production 

At the maturity stage, grain and straw yields of 

wheat and maize were recorded in 1 m
2
 for each plot 

(kg m
-2

) and transformed as Mg ha
-1

.  

2.5. Soil analysis 

Soil samples at the start of the experiment soil, 

and after crop harvest, were collected from 0–30 cm 

depth from each plot. Soil samples were air-dried, 

gently crushed, and sieved (2 mm). Some physical 

characteristics i.e. particle size distribution, bulk den-

sity, Total porosity and infiltration rate were analyzed 

according to standard methods as described by (Piper, 

1950, Campbell, 1994 and Tricker, 1978, respective-

ly). While the chemical characteristics were meas-

ured according to (Page et al., 1982). Microbial esti-

mations in the rhizosphere of soil samples were also 

carried out. The total count of bacteria was estimated 

by soil extract agar media (Allen, 1959), while the 

most probable number of nitrogen fixing bacteria was 

estimated using semisolid N free LGI and JNfb me-

dium with 0.3% agar-agar (Cavalcante and 

Dobereiner, 1988) and calculated using tables of 

(Cochran, 1950).  

2.6. Statistical analysis 

All data were subjected to the variance (ANOVA) 

according to the methods described by Snedecor and 

Cochran (1980) using the Costat package program, 

version 6.311 (Cohort Software, USA) at a P < 0.05.  

3. Results 

 In this study, the soil’s properties and bacterial 

communities, physiological and productivity of wheat and 

maize plants showed significant responses due to the 

applications of gypsum and AMF inoculation treat-

ments as well as their combinations. 

3.1. Physiological Characteristics 

3.1.1. Photosynthetic activity 

Data presented in Table (3) illustrate the photo-

synthetic activity of wheat and maize plants as affect-

ed by gypsum or/and AMF inoculation treatments. 

The photosynthetic activity was increased from 38.17 

and 30.53 µm (CO2 m
-2

 s
-1

) with AMF0 to 42.80 and 

34.50 µm (CO2 m
-2

 s
-1

) with AMF1 for wheat and 

maize plants, respectively. In addition, the photosyn-

thetic activity increased with increasing gypsum ap-

plication rate, since its values for wheat and maize 

plants were increased with G2 by 27.55% and 

32.36%, respectively, compared to G0. Also that pho-

tosynthetic activity was increased with the different 
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combinations of G and AMF (Figure 1A). This in-

crease could be arranged as follows: G2+AMF1 > 

G1+AMF1 > G2+AMF0 > G1+AMF0 > G0+AMF1 > 

G0+AMF0, whereas G2+AMF1 treatment increased of 

photosynthetic activity by 41.87% and 49.03% in 

wheat and maize, respectively compared to the con-

trol (G0+AMF0). 

Table 3. Photosynthetic and antioxidant enzyme activities in wheat and maize plants as affected by gypsum and AMF 

treatments as well as their combinations after 40 day from plants sowing. 

Crops Treatments Photosynthetic 

[µm (CO2 m
-2 s-1)] 

Superoxide dismutase 

(u g-1 FW) 

Peroxidase 

(u mg-1 h-1FW) 

Catalase 

µM(H2O2mg-1min-1FW) 

A
ft

er
 w

h
ea

t 
h

a
rv

es
ti

n
g

 

AMF0 38.17 33.43 11.90 3.22 

AMF1 42.80 16.10 16.70 1.91 

F-test ** ns ** * 

LSD0.05 2.87 23.01 2.21 1.27 

G0 34.85 46.50 9.75 4.35 

G1 42.15 16.60 15.40 1.79 

G2 44.45 11.20 17.75 1.56 

F-test * * * * 

LSD0.05 3.51 28.18 2.70 1.56 

G0AMF0 33.2 60.4 7.2 5.3 

G0AMF1 36.5 32.6 12.3 3.4 

G1AMF0 39.5 21.7 13.5 2.3 

G1AMF1 44.8 11.5 17.3 1.27 

G2AMF0 41.8 18.2 15 2.06 

G2AMF1 47.1 4.2 20.5 1.06 

F-test * * * * 

LSD0.05 5.43 20.9 4.76 1.66 

A
ft

er
 m

a
iz

e 
h

a
rv

es
ti

n
g

 

AMF0 30.53 70.33 10.27 1.83 

AMF1 34.50 103.23 14.53 0.81 

F-test ** ns ** ns 

LSD0.05 1.46 40.03 1.8 1.68 

G0 27.35 61.85 8.75 2.70 

G1 34.00 88.50 13.10 0.70 

G2 36.20 110.00 15.35 0.57 

F-test ** ns ** ns 

LSD0.05 1.78 49.02 2.2 2.06 

G0AMF0 25.7 46.5 6.8 3.6 

G0AMF1 29 77.2 10.7 1.8 

G1AMF0 31.8 79.5 11.2 1.04 

G1AMF1 36.2 97.5 15 0.36 

G2AMF0 34.1 85 12.8 0.86 

G2AMF1 38.3 135 17.9 0.28 

F-test * * * * 

LSD0.05 4.52 29.54 3.69 0.67 

*G0: without gypsum application; G1: 75% gypsum requirement; G2: 100% gypsum requirement; AMF0: without mycorrhizal fungus inocula-

tion ; AMF1: Mycorrhizal fungus inoculation treatment.  

3.1.2. Antioxidant enzymes activities:  

Data presented in Table (3) showed that the 

change in antioxidant enzyme activities in wheat and 

maize plants were affected by the combination of 

gypsum with AMF. The data in Figure (1D) noted 

that the soil supplemented with G2+AMF1 achieved 

the highest decrease in catalase enzyme activity in 

wheat and maize plants (80.0 and 92.2 %, respective-

ly). While, peroxidase enzyme activities in wheat and 

maize plants were increased with G2+AMF1 by 

184.72 and 163.24%, respectively Figure (1C).  

On the other hand, the superoxide dismutase activ-

ity gave un-similar trends according to the plant type 

Figure (1B). The combination treatment of G2+AMF1 

decreased the superoxide dismutase activity of wheat 

plants by 93.05%, while it was increased in maize 

plants by 190.32% with this treatment compared to 

the control treatment (G0+AMF0).  
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Fig. 1. The changes of photosynthetic activity, superoxide dismutase, peroxidase and catalase as affected by the com-

bined effect of gypsum applications and AMF inoculation treatment on G0: without gypsum application; G1: 

75% gypsum requirement; G2: 100% gypsum requirement; AMF0: without mycorrhizal fungus inoculation; 

AMF1: mycorrhizal fungus inoculation treatment. 

3.2. Bacterial communities 

Results shown in Figure (2) revealed that the 

combined application of gypsum with AMF en-

hanced the mycorrhizal root colonization, total bacte-

rial counts, P solubilizer bacteria, and respiration of 

microbial soil in the Rhizosphere of wheat and maize 

at the flowering stage compared with the control (G0 

AMF0). 

 
Fig. 2. The combined effect of different rates of gypsum and AMF inoculation on the mycorrhizal root colonization, 

total bacterial counts, P solubilizer bacteria, and respiration of microbial soil in the Rhizosphere of wheat and 

maize at the flowering stage. G0: without gypsum application; G1: 75% gypsum requirement; G2: 100% gyp-

sum requirement; AMF0: without mycorrhizal fungus inoculation; AMF1: mycorrhizal fungus inoculation 

treatment. 
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The G2 AMF1 treatment increased significantly 

mycorrhizal root colonization in roots of wheat and 

maize (Figure 2A). The total bacterial load varied 

from 6.94 to 8.40 log CFU g
-1

 in dry soil with wheat 

plants, while it varied from 8.01 to 8.90 log CFU g
-1

 

in dry soil with maize plants (Figure 2B). P-

solubilizers were increased by 6.91 and 3.62% in 

wheat and maize, respectively compared with the G0 

AMF0 treatment (Figure 2C). In addition, the respira-

tion of microbial soil varied from 4.15 to 8.5 CO2 mg 

10g dry soil 72 h
-1

 in wheat and from 8.91 to  11.00 

CO2 mg 10g dry soil 72 h
-1 

in maize (Figure 2D). 

 3.3. Wheat and Maize Productivity: 

The results in Table (4) showed that the yields of 

wheat and maize were significantly influenced by the 

applications of gypsum and/or inoculation by AMF. 

An increase in the grain and straw yields of wheat 

and maize in the plots inoculated by AMF (1.46, 2.47 

and 22.10, 11.72%, respectively) compared to the 

control.  

The addition of 100% gypsum requirement (G2) 

achieved the highest significant increases in grain and 

straw yields of wheat (23.51 and 18.10%, respective-

ly) and maize (16.43 and 18.14%, respectively) over 

that without gypsum application. The yields of both 

crops were affected by the interaction between gyp-

sum and AMF. Subsequently, the maximum grain, 

and straw yields of wheat (7.72 and 11.42 Mg ha
-1

, 

respectively) and maize (8.52 and 11.52 Mg ha
-1

, 

respectively) were obtained with the combination 

treatment of G2 AMF1.  

Table 4. The yield as affected by different gypsum rates and AMF inoculation treatments, as well as their combination. 

Treatments 
Wheat Maize 

Grain yield Straw yield Grain yield Straw yield 

AMF0 6.83 10.12 6.20 9.13 

AMF1 6.93 10.37 7.57 10.20 

F-test ** ** ** * 

LSD0.05 0.029 0.125 0.277 0.503 

G0 6.21 9.56 6.39 8.82 

G1 6.77 9.89 6.84 9.74 

G2 7.67 11.29 7.44 10.42 

F-test ** * ** ** 

LSD0.05 0.074 0.945 0.274 1.042 

G0 AMF0 6.16 9.43 5.91 8.80 

G0 AMF1 6.26 9.69 6.86 8.84 

G1 AMF0 6.72 9.76 6.34 9.26 

G1 AMF1 6.82 10.02 7.33 10.23 

G2 AMF0 7.62 11.16 6.36 9.32 

G2 AMF1 7.72 11.42 8.52 11.52 

F-test ** * ** * 

LSD0.05 0.050 0.216 0.480 0.872 

*G0: without gypsum application; G1: 75% gypsum requirement; G2: 100% gypsum requirement; AMF0: without Mycorrhizal fungus inocula-

tion; AMF1: Mycorrhizal fungus inoculation treatment. 

3.4. Soil characteristics 

3.4.1. Some soil’s physicochemical:  

The data illustrated in Table (5) showed the clear 

effects of the individual applications of gypsum and 

AMF individually or in combined together on electri-

cal conductivity (EC), exchangeable sodium percent-

age (ESP), exchangeable calcium percentage (ECaP), 

available phosphorus (Av. P), infiltration rate (IR), 

soil bulk density (BD) and total porosity (TP) after 

wheat and maize harvesting. The data revealed that 

the inoculation of plant seeds by AMF decreased the 

values of soil EC, ESP and BD by 18.96, 10.13, and 

2.22%, respectively, after wheat harvesting, and 

33.86, 15.21 and 3.76%, respectively, after maize 

harvesting.  On the other hand, AMF increased the 

ECaP, Av. P, IR and TP after wheat harvesting by 

16.47, 22.07, 14.63 and 2.32%, respectively and by 

19.08, 22.55, 19.54 and 3.79%, respectively, after 

maize harvesting in comparison to the initial values. 

Also, the addition of 100% of gypsum requirement 

(G2) decreased the values of EC, ESP and BD after 

harvesting wheat by 28.91, 15.04, and 2.99%, respec-

tively, while after maize these parameters were de-

creased by 47.41, 22.98, and 4.55%, respectively. 

Also, G2 increased the values of ECaP, Av. P, IR and 

TP after harvesting wheat by 21.06, 22.74, 23.08 and 

3.19%, respectively and by 24.17, 22.33, 27.08 and 

4.64%, respectively after maize harvesting comparing 

to the initial values. In addition, the change of soil 

physicochemical characteristic as affected by the 

integration of gypsum with AMF could be arranged 

as follows: G2AMF1> G1AMF1> G2AMF0> 
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G1AMF0> G0AMF1> G0AMF0 (Figure 3). So, the 

application of 100% gypsum requirement with AMF 

inoculation (G2AMF1) caused the highest change in 

the soil characteristic values over that before plant-

ing, while the lowest change was observed in the 

control (G0AMF0).  

Table 5. Some soils physicochemical properties as affected by gypsum and AMF treatments as well as their combina-

tions. 

Crops Treatments EC ESP ECaP Av. P IR BD TB 

A
ft

er
 w

h
ea

t 
h

a
rv

es
ti

n
g

 

AMF0 6.10 17.77 13.28 9.29 0.80 1.36 48.68 

AMF1 5.96 17.57 13.78 10.51 0.82 1.35 49.06 

F-test ** ** ** ** ** ** ** 

LSD0.05 0.04 0.13 0.22 0.31 2.13E-09 0.004 0.003 

G0 6.81 19.03 12.03 9.07 0.71 1.37 48.24 

G1 5.77 17.18 13.99 10.03 0.81 1.36 48.87 

G2 5.50 16.82 14.58 10.60 0.91 1.34 49.50 

F-test ** ** ** ** ** ** ** 

LSD0.05 0.31 0.27 0.16 0.51 1.14E-16 0.009 0.35 

G0AMF0 6.83 19.08 11.59 8.23 0.70 1.38 48.05 

G0AMF1 6.79 18.97 12.47 9.90 0.72 1.37 48.43 

G1AMF0 5.89 17.33 13.87 9.47 0.80 1.36 48.68 

G1AMF1 5.65 17.02 14.11 10.60 0.82 1.35 49.06 

G2AMF0 5.57 16.91 14.38 10.17 0.90 1.34 49.31 

G2AMF1 5.43 16.72 14.77 11.03 0.92 1.33 49.69 

F-test * * ** * ** * * 

LSD0.05 0.15 0.23 0.38 0.54 1.34E-12 0.008 0.37 

A
ft

er
 m

a
iz

e 
h

a
rv

es
ti

n
g

 

AMF0 5.27 16.85 13.73 9.27 0.85 1.34 49.31 

AMF1 5.11 16.63 14.31 10.60 0.87 1.33 49.81 

F-test ** ** ** ** ** ** ** 

LSD0.05 0.08 0.11 0.22 0.15 1.22E-09 0.002 0.003 

G0 5.89 18.46 12.19 9.27 0.76 1.36 48.81 

G1 5.04 16.18 14.60 9.97 0.86 1.34 49.62 

G2 4.64 15.58 15.27 10.57 0.96 1.32 50.25 

F-test ** ** ** ** ** ** ** 

LSD0.05 0.24 0.36 0.23 0.36 1.14E-16 0.009 0.35 

G0AMF0 5.94 18.53 11.66 8.40 0.75 1.37 48.43 

G0AMF1 5.84 18.39 12.72 10.13 0.77 1.35 49.18 

G1AMF0 5.15 16.34 14.46 9.43 0.85 1.34 49.43 

G1AMF1 4.93 16.01 14.74 10.50 0.87 1.33 49.81 

G2AMF0 4.70 15.68 15.06 9.97 0.95 1.32 50.06 

G2AMF1 4.57 15.47 15.47 11.17 0.97 1.31 50.44 

F-test * * * ** * ** ** 

LSD0.05 0.10 0.26 0.38 0.27 1.07E-10 0.006 0.31 

*G0: without gypsum application; G1: 75% gypsum requirement; G2: 100% gypsum requirement; AMF0: without Mycorrhizal fungus inocula-

tion; AMF1: Mycorrhizal fungus inoculation treatment. 

3.4.2. Bacterial Communities:  

The bacterial counts that are the total bacterial 

counts (log CFU g
-1

 soil), P solubilizer bacteria (log 

CFU g
-1

 soil), and respiration of microbial (Log CO2 

mg 10g dry soil 72 h
-1

) in the root rhizosphere after 

wheat and maize harvesting were affected significant-

ly by gypsum applications combined with AMF (Fig-

ure 4). The highest total bacterial counts (7.20 and 

8.40 Log CFU g
-1

 soil), P solubilizer bacteria (4.89 

and 5.89 Log CFU g
-1

 soil), and respiration of micro-

bial (6.70 and 9.69 Log CO2 mg 10g dry soil 72 h
-1

) 

with wheat and maize, respectively were recorded in 

soil treated by G2AMF1.  
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Fig. 3. The changes of soils physicochemical properties as affected by the combined effect of gypsum applications and 

AMF inoculation treatment on G0: without gypsum application; G1: 75% gypsum requirement; G2: 100% gyp-

sum requirement; AMF0: without mycorrhizal fungus inoculation; AMF1: mycorrhizal fungus inoculation 

treatment. 
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Fig. 4. The combined effect of different rates of gypsum and AMF inoculation on the total bacterial counts, P solubil-

izer bacteria, and respiration of microbial in the root rhizosphere after wheat and maize harvesting. G0: with-

out gypsum application; G1: 75% gypsum requirement; G2: 100% gypsum requirement; AMF0: without my-

corrhizal fungus inoculation; AMF1: mycorrhizal fungus inoculation treatment. 

3.5. The relationship between all studied traits as 

affected by the interaction among gypsum and 

AMF inoculation 

The integration effect of gypsum applications with 

AMF inoculants on some physiological and biologi-

cal activities and the productivity of wheat-maize 

plants resulted in a correlation coefficients heat map 

between soil properties and all traits of wheat and 

maize are shown in Figure (5 A and B). The results 

showed high positive correlation (p<0.05) after wheat 

harvesting between the soil EC, ESP, BD, superoxide 

dismutase activity, catalase activity as well as be-

tween ECaP, AV. P, IR, TB, photosynthetic, peroxi-

das, total bacterial counts, P solubilizer bacteria, and 

respiration of microbial, grain and straw yields (Fig-

ure 5A). While after maize harvesting, the high posi-

tive correlations (p< 0.05) were found between the 

soil EC,ESP,BD, catalase activity, also between soil 

ECaP, AV. P, IR, TB, photosynthetic activity, super-

oxide dismutase activity, peroxidase activity, total 

bacterial counts, P solubilizer bacteria, respiration of 

microbial grain and straw yield (Figure 5B). 
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Fig. 5. Correlation coefficients heat map, displaying the interaction of the gypsum with AMF on saline-sodic soil prop-

erties and bacterial communities, physiological and productivity of wheat and maize plants. The light yellow 

color represents high values and the black color represents low values. 

5. Discussions 

The saline-sodic soil with poor properties adverse-

ly affects the growth and yield of most crops, so the 

amelioration processes are very important for increas-

ing crop productivity (Zaka et al., 2018). For this 

purpose, the application of gypsum (as chemical 

amendments) with arbuscular mycorrhizal fungi in-

oculants (as bio-amelioration) were used to improve 

saline-sodic soil characteristics (Table 5). These may 

be probably attributed to the release of more Ca
2+

 

replacing Na
+
 in the sorption complex, improving soil 

aggregate stability and infiltration rate in the soil 

which lead to clear decreases in soil salinity, sodicity 

and bulk density. These results were in agreement 
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with those of (Chaganti et al. 2015; Anikwe et al., 

2016; Gupta et al., 2016; Tirado-Corbalá et al., 2019; 

Fontoura et al., 2019). they indicated that the gypsum 

application provided high volumes of Ca
2+

, thus facil-

itating its release into the soil solution and exchanged 

by Na
+
, which reduced the soil dispersion that im-

proves its physical properties e.g.  bulk density, total 

porosity, and increasing water infiltration rates by 

promoting clay aggregation through the soil profile. 

Gypsum is proved to be the best soil amendment for 

improving the chemical propertie (Bayoumy et al., 

2019; Santos et al., 2019; Zhang et al., 2020; El-

Sharkawy et al., 2021). The addition of gypsum to 

the soil had positive effects on mycorrhiza coloniza-

tion; it may be due to the improvement of the soil 

properties as well as decreasing the Na
+
 in soil. The 

reason behind the increase of colonization at low 

concentrations of salt and decrease at high concentra-

tions of salt may be that AMF species have varying 

tolerance to salinity. AMF improves some soil char-

acteristics such as pH, nutrient availability and soil 

aggregates (Schreiner et al., 1997), while the glycol 

sugar protein glomalin produced by AMF improves 

soil aggregation, structure and aeration, retention, 

percolation and water relationships. AMF coloniza-

tion also influences the concentration of organic acids 

which play important role in lowering pH and in-

creasing the availability of N, P and K in soil (Sheng 

et al., 2011). Our results indicated that the decreasing 

root colonization corroborates with salinity-sodicity 

stress. These findings were supported by Juniper and 

Abbott, (2006), which reported that salt stress can 

affect AMF root colonization through slowing down 

colonization, spore germination, and hyphal growth. 

The results also showed that soil inoculation with 

AMF activated the microorganisms in the rhizo-

sphere of  plants. Soil microbes are one indicator of 

soil fertility. The high population of microbes in the 

soil, the high fertility of the soil. Total bacterial 

counts and phosphate solubilizing bacteria were in-

creased in the rhizosphere of plants treated with AMF 

compared to the untreated control treatment. In-

creased bacterial counts may be due to nutrient avail-

ability in the rhizosphere of AMF-treated plants that 

provide the needed energy for soil microorganisms to 

decompose organic matters. These results agree with 

those obtained by El-Sawah et al. (2021) who found 

that the AFM inoculation individually or in combina-

tions with nitrogen fixing bacteria, increased bacterial 

counts in the rhizosphere of guar plants. The current 

study showed that the application of mycorrhizal re-

sulted in an increase of P and Ca content in wheat 

and maize plants. This increase can be attributed to 

acid and alkaline phosphatase enzymes in the rhizo-

sphere soil produced by AM fungal hyphae. These 

enzymes help phosphorus availability to plants, 

which can be easily absorbed by extra radical hyphae 

and transferring them to the root tissues (Etesami et 

al., 2021). Various microbial activities in the soil can 

be measured one of them is by measuring the amount 

of oxygen consumed or the amount of carbon dioxide 

produced by microbial activities in the soil or meas-

uring the process of respiration (Haney et al,. 2018). 

AM fungi can increase microbial activity in saline 

soil. However, in our study, AMF inoculation in-

creased soil respiration compared to the control 

treatment which suggested an improvement in micro-

bial activity after the inoculation of AMF in the soil. 

Soil respiration can be affected by AMF fungi due to 

a presence of AMF  hyphal exudates like glomalin, 

amino acid, and sugar (Toljander et al., 2008) which 

is considered as a vital stimulator for microbial ac-

tivity (Abiven et al., 2007) 

Salinity induces oxidative stress in plants resulting 

in reactive oxygen species (ROS) which attack sever-

al biomolecules such as nucleic acid, protein, and 

membrane lipid, and in sequence diminishes crop 

yield (Gill and Tuteja, 2010). Plants employ an en-

zymatic system to counteract the adverse effects of 

ROS such as catalase, peroxidase, and superoxide 

dismutase enzymes. The results are shown in Table 

(3) and Figure (1A, B, C, D) indicated that the appli-

cation of gypsum with AMF inoculants enhanced 

plant tolerance against salinity, decreased the stress 

on the plant, consequently increased the photosyn-

thetic activity, and decreased the formation of ROS. 

This led to the regulation of some antioxidant en-

zymes and photosynthetic activities of wheat and 

maize plants. The mechanisms by which gypsum 

enhances plant tolerance against salinity may be due 

to the improvement of the soil properties as well as 

the harmful effect of salinity and sodium in wheat 

and maize plants which is reflected in an increase in 

yield. These findings are supported by a previous 

study (Bello et al., 2021), which revealed that gyp-

sum provided soluble Ca
+
,  this makes more Ca

+
 

available for plant uptake. supports crop tolerance to 

salinity stress by decreasing Na
+
 and C

-
 accumulation 

in the cell membrane (Grattan, 1999), increasing the 

K
+
/Na

+
 ratio in salinity-stressed plants (Al-shareef 

and Tester, 2019), and increasing P uptake by plants 

(Cuevas et al., 2019). In addition, gypsum is provided 

sulfur element. which enhances the antioxidant de-

fense by decreasing cellular-redox conditions and 

scavenging excessive ROS (Hasanuzzaman et al., 

2018) and improves the chlorophyll content, C/N 

metabolism, photosynthetic enzyme activity, protein 

synthesis, and electron transport in the plant cells 

(Shaban et al., 2019). Also, gypsum increases yield 

production by reducing the salinity stress on the plant 

(Zaka et al., 2018). Finally, gypsum increased the 

yield of wheat and maize crop (Bayoumy et al., 2019; 
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Iqbal et al., 2020; Aboelsoud et al., 2020; and El-

Sharkawy et al., 2022). Regarding the effect of AMF 

on photosynthetic activity and antioxidant enzyme 

activities. AMF is considered to promote plant 

growth and salinity tolerance (Evelin et al., 2019). 

The AMF improved antioxidant systems in stress 

plants have been reported in Wheat (Abdel Latef, 

2010) and Maize (Wang et al., 2020). Additionally, it 

can alleviate salt stress by decreasing oxidative stress 

in plants and improved concentrations of osmolytes 

such as proline, polyamines, and glycine betaine 

(Frosi et al., 2018); enhancing lipids and proteins, 

quenching free radicals, and buffering cellular redox 

potential under salinity stress (Yang et al., 2008); 

improving in photosynthetic activity (Wang et al., 

2022) due to mycorrhizal colonization in plants are 

limited the Na
+
 transport (Zhu et al., 2010), energiz-

ing carbohydrate transport and metabolism (Kaschuk 

et al., 2009), increasing the leaf area and higher sto-

matal conductance and consequently better assimila-

tion CO2 due to improving water situation in plants 

(Chen et al., 2017). Finally, using AMF can be in-

creased the yield of wheat and maize crop (Cozzolino 

et al., 2013; Pérez et al., 2016; Hussain et al., 2021; 

Elliott et al., 2021) 

5. Conclusion 

Salinity and sodicity in soils induced stress in 

wheat and maize and reduced antioxidant enzyme 

and photosynthetic activities, which decreased both 

crop production. Therefore, gypsum application and 

AMF treatments were effective in reducing the harm-

ful effect of salinity and sodium on wheat and maize 

plants and it reflected in an increase in their yields 

and improved soil characteristics. Thereby, according 

to the results of the current study, the application of 

gypsum with AMF inoculants could be recommended 

to improve saline-sodic soil characteristics and crop 

productivity. 

Conflicts of interest 

There are no conflicts to declare. 

Formatting of funding sources 

This research received no external funding 

Acknowledgments 

The authors extend their appreciation to the Soils, 

Water, and Environment Res. Inst., (SWERI), Agri-

culture Research Center (ARC), Giza, Egypt. All the 

authors are thankful for the support provided by Labs 

of soil improvement and conservation Res. Dep., and
 

soil microbiology Res. Dep., Sakha Agri. Res. sta-

tion, Kafr El-Sheikh, Egypt. 

 

References 

Abd-Allah  E.F., Abeer, H., Alqarawi, A.A. and Hend, 

A.A., 2015. Alleviation of adverse impact of cadmium 

stress in sunflower (Helianthus annuus L.) by arbuscu-

lar mycorrhizal fungi. Pak. J. Bot. 47(2):785-795. 

Abdel Latef, A., 2010. Changes of antioxidative enzymes 

in salinity tolerance among different wheat culti-

vars. Cereal Research Communications, 38(1): 43-55. 

AbdelRahman, M.A., Natarajan, A., Hegde, R. and Pra-

kash, S.S., 2019. Assessment of land degradation using 

comprehensive geostatistical approach and remote sens-

ing data in GIS-model builder. The Egyptian Journal of 

Remote Sensing and Space Science, 22(3):323-334. 

Abiven, S., Menasseri, S., Angers, D.A. and Leterme, P., 

2007. Dynamics of aggregate stability and biological 

binding agents during decomposition of organic materi-

als. European Journal of Soil Science. 58(1):239-247. 

Aboelsoud, H., Engel, B. and Gad, K., 2020. Effect of 

planting methods and gypsum application on yield and 

water productivity of wheat under salinity conditions in 

North nile Delta. Agronomy, 10(6):853. 

Aboelsoud, H.M., AbdelRahman, M.A.E., Kheir, A.M.S., 

Eid, M.S.M., Ammar, K.A., Khalifa, T.H., and Scopa, 

A. 2022. Quantitative Estimation of Saline-Soil Ame-

lioration Using Remote-Sensing Indices in Arid Land 

for Better Management. Land, 11(7):1041.  

Ahmad, P., Hashem, A., Abd-Allah, E.F., Alqarawi, A.A., 

John, R., Egamberdieva, D. and Gucel, S., 2015. Role 

of Trichoderma harzianum in mitigating NaCl stress in 

Indian mustard (Brassica juncea L.) through antioxida-

tive defense system. Frontiers in plant science, 6:868. 

Aiad, M.A.E.F., 2019. Productivity of heavy clay soils as 

affected by some soil amendments combined with irri-

gation regime. Environment, Biodiversity and Soil Se-

curity, 3:147-162. 

Alcívar, M., Zurita-Silva, A., Sandoval, M., Muñoz, C. and 

Schoebitz, M., 2018. Reclamation of saline-sodic soils 

with combined amendments: impact on quinoa perfor-

mance and biological soil quali-

ty. Sustainability, 10(9):3083. 

Allen, O.N., 1959. Experiments in Soil Bacteriology, Bur-

gess Publ. Co., Minneapolis, 15:54. 

Al-shareef, N. O.,and Tester, M. (2019). Plant salinity tol-

erance. In ELS. Wiley: 1–6. 

Anikwe, M.A.N., Eze, J.C. and Ibudialo, A.N., 2016. Influ-

ence of lime and gypsum application on soil properties 

and yield of cassava (Manihot esculenta Crantz.) in a 

degraded Ultisol in Agbani, Enugu Southeastern Nige-

ria. Soil and Tillage Research, 158:32-38. 

Bayoumy, M.A., Khalifa, T.H.H. and Aboelsoud, H.M., 

2019. Impact of some organic and inorganic amend-

ments on some soil properties and wheat production 

under saline-sodic soil. Journal of Soil Sciences and 

Agricultural Engineering, 10, (5): 307-313. 

Beauchamp, C. and Fridovich, I., 1971. Superoxide dis-

mutase: improved assays and an assay applicable to 

acrylamide gels. Analytical biochemistry, 44(1):276-

287. 

Bello, S.K., Alayafi, A.H., AL-Solaimani, S.G. and Abo-

Elyousr, K.A., 2021. Mitigating soil salinity stress with 



 Khalifa, et al., 

_____________________________________________________________________________________________________________ 

 

________________________________ 

Env. Biodiv. Soil Security, Vol. 6 (2022) 

 

178 

gypsum and bio-organic amendments: A re-

view. Agronomy, 11(9):1735. 

Campbell, D.J., 1994. Determination and use of soil bulk 

density in relation to soil compaction. In Developments 

in Agricultural Engineering,  11: 113-139. Elsevier. 

Cavalcante, V.A. and Dobereiner, J., 1988. A new acid-

tolerant nitrogen-fixing bacterium associated with sug-

arcane. Plant and soil, 108(1):23-31. 

Chaganti, V.N., Crohn, D.M. and Šimůnek, J., 2015. 

Leaching and reclamation of a biochar and compost 

amended saline-sodic soil with moderate SAR re-

claimed water. Agricultural Water Manage-

ment, 158:255-265. 

Chen, J., Zhang, H., Zhang, X. and Tang, M., 2017. Arbus-

cular mycorrhizal symbiosis alleviates salt stress in 

black locust through improved photosynthesis, water 

status, and K+/Na+ homeostasis. Frontiers in plant sci-

ence, 8:1739. 

Cochran, W.G., 1950. Estimation of bacterial densities by 

means of the" most probable num-

ber". Biometrics, 6(2):105-116. 

Cozzolino, V., Di Meo, V. and Piccolo, A., 2013. Impact of 

arbuscular mycorrhizal fungi applications on maize 

production and soil phosphorus availability. Journal of 

Geochemical Exploration. 129:.40-44. 

Cuevas, J., Daliakopoulos, I. N., del Moral, F., Hueso, J. J., 

and Tsanis, I. K. 2019. A review of soil-improving 

cropping systems for soil salinization. Agronomy, 

9(6):295. 

Doklega, S.M., El-Kafrawy, M.M. and Imryed, Y., 2021. 

Impact of gypsum soil addition and foliar application of 

selenium on red cabbage plants grown on sodic 

Soil. Plant cell biotechnology and molecular biolo-

gy:108-117. 

Elliott, A.J., Daniell, T.J., Cameron, D.D. and Field, K.J., 

2021. A commercial arbuscular mycorrhizal inoculum 

increases root colonization across wheat cultivars but 

does not increase assimilation of mycorrhiza acquired 

nutrients. Plants, people, planet, 3(5):588-599. 

El-Nahrawy, S., El-Akhdar, I. and Ali, D.F.I., 2022. Potas-

sium Silicate and Plant Growth‐promoting Rhizobacte-

ria Synergistically Improve Growth Dynamics and 

Productivity of Wheat in Salt-affected 

Soils. Environment, Biodiversity and Soil Security. 6: 9-

25. 

El-Ramady, H., Faizy, S., Amer, M.M., Elsakhawy, T.A., 

Omara, A.E.D., Eid, Y. and Brevik, E., 2022. Manage-

ment of Salt-Affected Soils: A Photographic Mini-

Review. Environment, Biodiversity and Soil Securi-

ty. 6:61-79. 

El-Sawah, A.M., El-Keblawy, A., Ali, D.F.I., Ibrahim, 

H.M., El-Sheikh, M.A., Sharma, A., Alhaj Hamoud, Y., 

Shaghaleh, H., Brestic, M., Skalicky, M. and Xiong, 

Y.C., 2021. Arbuscular mycorrhizal fungi and plant 

growth-promoting rhizobacteria enhance soil key en-

zymes, plant growth, seed yield, and qualitative attrib-

utes of guar. Agriculture. 11(3):194. 

El-Sharkawy, M., El-Aziz, M.A. and Khalifa, T., 2021. 

Effect of nano-zinc application combined with sulfur 

and compost on saline-sodic soil characteristics and fa-

ba bean productivity. Arabian Journal of Geoscienc-

es, 14(12):1-14. 

El-Sharkawy, M., Mahmoud, E., Abd El-Aziz, M. and Kha-

lifa, T., 2022. Effect of zinc oxide nanoparticles and soil 

amendments on wheat yield, physiological attributes 

and soil properties grown in the saline–sodic 

soil. Communications in Soil Science and Plant Analy-

sis:1-17. 

Etesami, H. and Jeong, B.R., 2021. Contribution of arbus-

cular mycorrhizal fungi, phosphate–solubilizing bacte-

ria, and silicon to P uptake by plant: a review. Frontiers 

in Plant Science. 12:1355. 

Evelin, H., Devi, T.S., Gupta, S. and Kapoor, R., 2019. 

Mitigation of salinity stress in plants by arbuscular my-

corrhizal symbiosis: current understanding and new 

challenges. Frontiers in Plant Science, 10:470. 

FAO. 2021. Global map of salt-affected soils, GSAS map 

v1.0. https://www.fao.org/global-soil-

partnership/gsasmap/en〉. 

Fontoura, S.M.V., de Castro Pias, O.H., Tiecher, T., Che-

rubin, M.R., de Moraes, R.P. and Bayer, C., 2019. Ef-

fect of gypsum rates and lime with different reactivity 

on soil acidity and crop grain yields in a subtropical 

Oxisol under no-tillage. Soil and Tillage Re-

search, 193:27-41. 

Frosi, G., Barros, V.A., Oliveira, M.T., Santos, M., Ramos, 

D.G., Maia, L.C. and Santos, M.G., 2018. Arbuscular 

mycorrhizal fungi and foliar phosphorus inorganic sup-

ply alleviate salt stress effects in physiological attrib-

utes, but only arbuscular mycorrhizal fungi increase bi-

omass in woody species of a semiarid environ-

ment. Tree physiology, 38(1):25-36. 

Gill, S.S. and Tuteja, N., 2010. Reactive oxygen species 

and antioxidant machinery in abiotic stress tolerance in 

crop plants. Plant physiology and biochemis-

try. 48(12):909-930. 

Goenadi, D.H. and Sugiarto, Y., 2000. Bioactivation of 

poorly soluble phosphate rocks with a phosphorus‐

solubilizing fungus. Soil science society of America 

journal. 64(3): 927-932. 

Grattan, S.R. and Grieve, C.M., 1999. Mineral nutrient 

acquisition and tanggapane by plants grown in salin en-

vironment. Dalam M. Pessarakli (Ed). Handbook of 

Plant and Crop Stress. 203–229. 

Gupta, M., Srivastava, P.K., NIRANJAN, A. and 

TEWARI, S.K., 2016. Use of a bioaugmented organic 

soil amendment in combination with gypsum for With-

ania somnifera growth on sodic 

soil. Pedosphere, 26(3):299-309. 

https://www.fao.org/global-soil-partnership/gsasmap/en〉
https://www.fao.org/global-soil-partnership/gsasmap/en〉


EFFECTIVENESS OF GYPSUM APPLICATION AND ARBUSCULAR MYCORRHIZAL FUNGI INOCULATION ... 

_____________________________________________________________________________________________________ 

 

________________________________ 

Env. Biodiv. Soil Security, Vol. 6 (2022) 

179 

Haney, R.L., Haney, E.B., White, M.J. and Smith, D.R., 

2018. Soil CO2 response to organic and amino ac-

ids. Applied Soil Ecology, 125:297-300. 

Hasanuzzaman, M., Bhuyan, M.H.M.B., Mahmud, J.A., 

Nahar, K., Mohsin, S.M., Parvin, K. and Fujita, M., 

2018. Interaction of sulfur with phytohormones and 

signaling molecules in conferring abiotic stress toler-

ance to plants. Plant signaling & behav-

ior, 13(5):1477905. 

Hassani, A., Azapagic, A. and Shokri, N., 2020. Predicting 

long-term dynamics of soil salinity and sodicity on a 

global scale. Proceedings of the National Academy of 

Sciences. 117(52): 33017-33027. 

Hussain, H.A., Qingwen, Z., Hussain, S., Hongbo, L., 

Waqqas, A. and Li, Z., 2021. Effects of arbuscular my-

corrhizal fungi on maize growth, root colonization, and 

root exudates varied with inoculum and application 

method. Journal of Soil Science and Plant Nutri-

tion, 21(2):1577-1590. 

Iqbal, S., Hussain, S., Qayyaum, M.A. and Ashraf, M., 2020. 

The response of maize physiology under salinity stress 

and its coping strategies. Plant Stress Physiology. Hoss-

ain, A., Ed.; IntechOpen Limited: London, UK: 1-25 

Jackson, M.L., 1973. Soil Chemical Analysis,(2nd Indian 

Print) Prentice-Hall of India Pvt. Ltd. New Delhi: 38 

336.,  

Jaggi, W., 1976. Die Bestimmung der CO2-Bildung als 

Maβ der bodenbiologischen Aktivitat. Schweiz Land-

wietschaft Forschung Band, 15(314):317-380. 

Juniper, S. and Abbott, L.K., 2006. Soil salinity delays 

germination and limits growth of hyphae from propa-

gules of arbuscular mycorrhizal fungi. Mycorrhi-

za, 16(5):371-379. 

Kaschuk, G., Kuyper, T.W., Leffelaar, P.A., Hungria, M. 

and Giller, K.E., 2009. Are the rates of photosynthesis 

stimulated by the carbon sink strength of rhizobial and 

arbuscular mycorrhizal symbioses?. Soil Biology and 

Biochemistry, 41(6):1233-1244. 

Kato, M. and Shimizu, S., 1987. Chlorophyll metabolism in 

higher plants. VII. Chlorophyll degradation in senescing 

tobacco leaves; phenolic-dependent peroxidative degra-

dation. Canadian Journal of Botany, 65(4):729-735. 

Kheir, A.M., El Baroudy, A., Aiad, M.A., Zoghdan, M.G., 

Abd El-Aziz, M.A., Ali, M.G. and Fullen, M.A., 2019. 

Impacts of rising temperature, carbon dioxide concen-

tration and sea level on wheat production in North Nile 

delta. Science of The Total Environment, 651:3161-

3173. 

Kormanik, P. P., and A.-C. McGraw. 1982. Quantification 

of vesicular-arbuscular mycorrhizae in plant roots. Pag-

es 37–45. In N. C. Schenck (ed.), Methods and princi-

ples of mycorrhizal research. The American Phyto-

pathological Society, St. Paul, Minnesota. 

Kost, D., Ladwig, K.J., Chen, L., DeSutter, T.M., Espinoza, 

L., Norton, L.D., Smeal, D., Torbert, H.A., Watts, D.B., 

Wolkowski, R.P. and Dick, W.A., 2018. Meta‐ analysis 

of gypsum effects on crop yields and chemistry of soils, 

plant tissues, and vadose water at various research sites 

in the USA. Journal of environmental quali-

ty, 47(5):1284-1292. 

Malfanova, N., Kamilova, F., Validov, S., Shcherbakov, 

A., Chebotar, V., Tikhonovich, I. and Lugtenberg, B., 

2011. Characterization of Bacillus subtilis HC8, a novel 

plant‐ beneficial endophytic strain from giant hog-

weed. Microbial biotechnology, 4(4):523-532. 

Mandal, S., Raju, R., Kumar, A., Kumar, P., and Sharma, 

P. C. 2018. Current status of research, technology re-

sponse and policy needs of salt-affected soils in India – 

a review. Ind. Soc. Coastal Agri. Res. 36: 40–53.  

Mohamed, N.N. (2016). Land Degradation in the Nile Del-

ta. In: Negm, A. (eds) The Nile Delta. The Handbook of 

Environmental Chemistry, 55: 235-264. Springer, 

Cham. 

Navarro, J.M., Pérez-Tornero, O. and Morte, A., 2014. 

Alleviation of salt stress in citrus seedlings inoculated 

with arbuscular mycorrhizal fungi depends on the root-

stock salt tolerance. Journal of Plant Physiolo-

gy, 171(1):76-85. 

Nelson, D.A. and Sommers, L., 1983. Total carbon, organic 

carbon, and organic matter. Methods of soil analysis: 

Part2 chemical and microbiological properties, 9: 539-

579. 

Olsen, R.A.; Bakken, L.R., 1987. Viability of soil bacteria: 

Optimization of plate-counting technique and compari-

son between total counts and plate counts within differ-

ent size groups. Microb. Ecol. 13, 59–74. 

Page, A.L., Miller, R.H. and Keeney, D.R., 1982. Methods 

of Soil Analysis, Part 2: Chemical and Microbiological 

Properties. American Society of Agronomy, Inc., and 

Soil Science Society of America. Inc., Publisher, Madi-

son, Wisconsin USA. 1159. 

Pérez, Y.M., Charest, C., Dalpé, Y., Séguin, S., Wang, X. 

and Khanizadeh, S., 2016. Effect of inoculation with 

arbuscular mycorrhizal fungi on selected spring wheat 

lines. Sustainable Agriculture Research, 5 (526-2017-

2645). 

Phillips, J.M. and Hayman, D.S., 1970. Improved proce-

dures for clearing roots and staining parasitic and vesic-

ular-arbuscular mycorrhizal fungi for rapid assessment 

of infection. Transactions of the British mycological 

Society, 55(1):158-161. 

Piper, C.S., 1950. Soil and Plant. Analysis, Interscience 

Publishers, Inc., New York:1-360. 

Presley, D., He, Y. and Tomlinson, P., 2018. Soil health 

and yields on non‐ sodic soils amended with flue gas 

desulfurization gypsum. Crop, Forage & Turfgrass 

Management, 4(1):1-6. 

Rengasamy, P. and Churchman, G.J., 1999: Cation ex-

change capacity, exchangeable cations and sodicity. In 

Peverill, K.I., Sparrow, L.A. and Reuter, D.J., (eds) 

`Soil Analysis: an Interpretation Manual'. CSIRO Pub-

lishing, Collingwood, 147-157. 

Richards, L.A., 1954. Diagnosis and improvement of saline 

and alkali soils.78(2): 154. LWW. 



 Khalifa, et al., 

_____________________________________________________________________________________________________________ 

 

________________________________ 

Env. Biodiv. Soil Security, Vol. 6 (2022) 

 

180 

Santos, P.D.D., Cavalcante, L.F., Gheyi, H.R., Lima, 

G.S.D., Gomes, E.M. and Bezerra, F.T., 2019. Saline-

sodic soil treated with gypsum, organic sources and 

leaching for successive cultivation of sunflower and 

rice. Revista Brasileira de Engenharia Agrícola e Am-

biental, 23:891-898. 

Schreiner, R.P., Mihara, K.L., McDaniel, H. and Bethlen-

falvay, G.J., 1997. Mycorrhizal fungi influence plant 

and soil functions and interactions. Plant and 

soil, 188(2):199-209. 

Sessitsch, A.N.G.E.L.A., Hardoim, P.A.B.L.O., Döring, J., 

Weilharter, A., Krause, A.N.D.R.E.A.S., Woyke, 

T.A.N.J.A., Mitter, B., Hauberg-Lotte, L., Friedrich, F., 

Rahalkar, M. and Hurek, T., 2012. Functional character-

istics of an endophyte community colonizing rice roots 

as revealed by metagenomic analysis. Molecular Plant-

Microbe Interactions, 25(1):28-36. 

Shaban, K.A., El-All, A., Ahmed, E.A. and El-Agyzy, F.H., 

2019. Effect of different calcium sources on some soil 

chemical properties and garlic (Allium sativum L.) 

productivity under saline soil conditions. Alexandria 

Science Exchange Journal, 40(4):693-704. 

Sheng, M., Tang, M., Zhang, F. and Huang, Y., 2011. In-

fluence of arbuscular mycorrhiza on organic solutes in 

maize leaves under salt stress. Mycorrhiza, 21(5):423-

430. 

Sheng, X.F., Xia, J.J., Jiang, C.Y., He, L.Y. and Qian, M., 

2008. Characterization of heavy metal-resistant endo-

phytic bacteria from rape (Brassica napus) roots and 

their potential in promoting the growth and lead accu-

mulation of rape. Environmental pollu-

tion, 156(3):1164-1170. 

Shrivastava, P. and Kumar, R., 2015. Soil salinity: A seri-

ous environmental issue and plant growth promoting 

bacteria as one of the tools for its alleviation. Saudi 

journal of biological sciences, 22(2):123-131. 

Snedecor, G.W. and Cochran, W.G., 1980. Statistical 

Methods Iowa State University Press, Ames. Statistical 

methods, 7th ed.. The Iowa State University Press, 

Ames. 

Soltanpour, P.N., 1985. Use of ammonium bicarbonate 

DTPA soil test to evaluate elemental availability and 

toxicity. Communications in Soil Science and Plant 

Analysis, 16(3):.323-338. 

Tirado-Corbalá, R., Slater, B.K., Dick, W.A., Bigham, J. 

and Muñoz-Muñoz, M., 2019. Gypsum amendment ef-

fects on micromorphology and aggregation in no-till 

Mollisols and Alfisols from western Ohio, 

USA. Geoderma Regional, 16:00217. 

Toljander, J.F., Santos-González, J.C., Tehler, A. and Fin-

lay, R.D., 2008. Community analysis of arbuscular my-

corrhizal fungi and bacteria in the maize mycorrhizo-

sphere in a long-term fertilization trial. FEMS microbi-

ology ecology. 65(2):323-338. 

Tricker, A.S., 1978. The infiltration cylinder: some com-

ments on its use. Journal of hydrology. 36(3-4):.383-

391.  

Wang, H., Liang, L., Liu, B., Huang, D., Liu, S., Liu, R., 

Siddique, K.H. and Chen, Y., 2020. Arbuscular mycor-

rhizas regulate photosynthetic capacity and antioxidant 

defense systems to mediate salt tolerance in 

maize. Plants, 9(11):1430. 

Wang, J., Yuan, J., Ren, Q., Zhang, B., Zhang, J., Huang, 

R. and Wang, G.G., 2022. Arbuscular mycorrhizal fungi 

enhanced salt tolerance of Gleditsia sinensis by modu-

lating antioxidant activity, ion balance and P/N ra-

tio. Plant Growth Regulation, 97(1):33-49. 

Wu, Q.S., Zou, Y.N. and Abd-Allah, E.F., 2014. Mycorrhi-

zal association and ROS in plants. In Oxidative damage 

to plants. Academic Press: Elsevier, The Netherlands: 

453–475. 

Yang, X., Liang, Z., Wen, X. and Lu, C., 2008. Genetic 

engineering of the biosynthesis of glycinebetaine leads 

to increased tolerance of photosynthesis to salt stress in 

transgenic tobacco plants. Plant Molecular Biolo-

gy, 66(1):73-86. 

Yonggan, Z.H.A.O., Yan, L.I., Shujuan, W.A.N.G., Jing, 

W.A.N.G. and Lizhen, X.U., 2020. Combined applica-

tion of a straw layer and flue gas desulphurization gyp-

sum to reduce soil salinity and alkalini-

ty. Pedosphere, 30(2):226-235. 

Zaka, M.A., Khalil, A., Hafeezullah, R., Muhammad, S. 

and Schmeisk, H., 2018. Effectiveness of compost and 

gypsum for amelioration of saline sodic soil in rice 

wheat cropping system. Asian Journal of Agriculture 

and Biology, 6(4):514-523. 

Zhang, Y., Jingsong, Y.A.N.G., Rongjiang, Y.A.O., Xiang-

ping, W.A.N.G. and Wenping, X.I.E., 2020. Short-term 

effects of biochar and gypsum on soil hydraulic proper-

ties and sodicity in a saline-alkali 

soil. Pedosphere, 30(5):694-702. 

Zhu, X.C., Song, F.B. and Xu, H.W., 2010. Arbuscular 

mycorrhizae improves low temperature stress in maize 

via alterations in host water status and photosynthe-

sis. Plant and Soil, 331(1):129-137. 


