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Table 1. Some physical and chemical properties of the studied soil.
& by A s Jos BeedSols sl SO Glly plaleab, il
Gypsum K P N Organic Calcium carbonate pH EC. CLM‘ oslas Saturated water ~ Texture
carbon equivalent content
(%)  (mgl)) (mgl) (%) (%) (%) (dSm™) (Yov/v)
1.5 188 3.5 0.004 0.04 16 8.2 7 38 Loam
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Table 2. Results of variance analysis of the effect of fungus, salinity, drought, plant species and their interactions on soil organic carbon
(SOC) content, percentage of colonization, total and easily extractable glomalin and soil available water (PAW, LLWR and IWC).

IwC LLWR PAW Easily Total

Percentage of SOC

(ecm?em®)  (em®em?®)  (cm®em?®)  extractable glomalin colonization o) 4;'.)3/ e
glomalin (ug g soil) ) s3l3 Sou'rce.: of
(ug g soil) df variation
2x] Q3% 2x]03%* 0.003** 220.85%* 505.9%* 920.28** 1.3x1073%* 2 F
3x103%* 2x1(3%* 0.006** 178.77%* 1261.69%* 16.53 ns 4x10"ns 1 S
5x103%* 2x104* 1x10~ns 407.94** 1526.28** 413.28%* 0.011** 1 D
Tx1073%* 2x1(3%* 0.002** 2.76ns 31.07ns 348.92 ** 3x103ns 1 P
3x103%* 2x1(3%* 0.002** 8.60** 5.27ns 41.072%* 4.9%10-5ns 2 FxS
2x10"ns 6x10ns 1x10"*ns 7.08** 95.18** 63.41 ** 1x10-2%* 2 FxD
213k 1x10-3%* 213k 14.80%* 34.27ns 157.53 ** 2x107ns 2 FxP
9x 1 (4 2x10ns 4x] QA 0.32ns 47.69* 11.28 ns 5.9x1 (3% 1 SxD
213k 4x] (3% 6x1044* 7.14% 5.01ns 7.03 ns 1x10"ns 1 SxP
2x] Q3% 1x103%* 1.4x103%* 0.04ns 134.75%* 92.28** 6x10-3* 1 DxP
2x] Q3% 9x103%* 9x] Q-4 79.93** 182.94** 41.57** Tx10-3%* 2 FxDxS
9] Q-4 1x103%* 2x]Q- 3% 0.51ns 50.07* 11.625 ns 6x10-3%* 2 FxSxP
2x] Q3% 2x] Q4 4x] Q4 3.29ns 69.08** 123.82 ** 1x103%* 2 FxDxP
5x104* 1x104* 2x104* 8.96* 96.61** 21.67 ns 5.3x10-7ns 1 SxDxP
4x] Q3% 4x] (4 4x] Q4 12.81* 33.59ns 52.50ns 4x1073* 2 FxDxSxP
1x104 3.5x10% 4.26x107 1.17 12.10 15.38 1x1073 48 Error
10.36 11.25 11.87 14.05 11.28 22.40 13.68 (%) CV
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Fig. 1. Mean comparisons of the effect of fungus, salinity, drought and plant species on soil organic carbon (SOC) content; Numbers
with similar letters are not significantly different (p < 0.05).
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Table 3. Correlation matrix between the measured properties.

IWC LLWR PAW Easily extractable Total Colonization  Soil organic
glomalin glomalin carbon
) S oS
Soil organic carbon
N
1 0093 Ol A Ao
Colonization
. LA <
1 0.381* 0.301* &S ok
Total glomalin
BT e S
1 0.765%* 0.433%* 0.412%* Bl s
Easily extractable glomalin
1 0.487%* 0.436** 0.219 0.244** PAW
1 0.984%%* 0.413%* 0.362%%* 0.195 0.245%* LLWR
1 0.820%*  0.756** 0.180 0.087 0.049 0.049 wcC
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Fig. 2. Mean comparisons of the effect of fungus, salinity, drought and plant species on colonization percentage; Numbers with
similar letters are not significantly different (p < 0.05).
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Fig. 3. Mean comparisons of the effect of fungus, salinity, drought and plant species on total and easily extractable glomalin
concentration; Numbers with similar letters are not significantly different (p < 0.05).
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Abstract

This research was performed to determine the effect of inoculation of two species of arbuscular mycorrhizal
fungi (AMF) on soil available water (SAW) and glomalin concentration under drought and salinity stresses
according to a factorial based on completely randomized design with three replications. Treatments included
two plant species Atriplex canescens and Haloxylon ammodendron with inoculation of two fungal species
Glomus-geosporum and Glomus mosseae plus two levels of salinity stress at 7 and 14 dS m™!, and two levels
of drought stress including maximum allowable depletion (MAD) of 50 and 80%. After one year of
treatments, plant available water (PAW), least limiting water range (LLWR), integral water capacity (IWC),
total and easily extractable glomalin concentration and soil organic carbon (SOC) content were measured.
Results indicated a significant increase in SOC, glomalin concentration, PAW, LLWR, and IWC by
increasing the salinity level in treatments inoculated with G. mosseae and G. geosporum. The highest
percentages of increase in PAW (147%), LLWR (140%) and IWC (85%) as compared with control were
observed under combined salinity and low drought treatment (14 dS cm™ + MAD of 50%) in 4. canescens
inoculated by G. geosporum. The highest concentrations of total glomalin and easily extractable glomalin
were observed in both plant species under salinity of 14 dS m™! and severe drought treatment (MAD of 80%)
with the inoculation by G. geosporum and G. mosseae. Overall the results of this research indicated a
reduction in negative consequences of drought and salinity stresses in the soil under cultivation of A.
canescens and H. ammodendron, with application of mycorrhizal fungi.

Keywords: Glomus geosporum, Glomus mosseae, Stress, Soil available water, Glomalin.

Background and Objective: Arbuscular mycorrhizal fungi (AMF) by exudating a glycoprotein called
glomalin has a considerable role in plant growth and improves soil physical properties. Also, AMF can
enhance the tolerance of plants under salinity and drought stresses which leads to a better establishment in
arid lands. A growing number of studies have now found that AMF can colonize many crops species.
However, the influence of AMF on the A. canescens and H. ammodendron species is still not well
understood. This study aimed to investigate the effect of two AMF (Glomus geosporum and Glomus
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mosseae) symbioses with two plant species (4. canescens and H. ammodendron) on glomalin concentration,
plant available water (PAW), least limiting water range (LLWR) and integral water capacity (IWC) under
different drought and salinity stress levels.

Methods: A pot factorial experiment was conducted with three replications in a completely randomized
design. The soil was collected from the 0-60 cm layer of the study area. The soil texture was loamy, and the
soil initial electrical conductivity (EC) was 7 dS m™'. The soil EC in half of the pots was increased to 14 dS
m! by adding NaCl salt. In each pot, three seedlings of two-month-old 4. canescens and H. ammodendron
were planted. Mycorrhiza bio-fertilizer was poured around the plant roots (100 g) for inoculation. Then,
different drought stresses (50% and 80% maximum allowable depletion, MAD) were applied. At the end of
the experiment (after one year), plants were harvested, and rhizosphere soil was collected from each pot.
Then total and easily extractable glomalin concentration, soil organic carbon (SOC) content, plant available
water (PAW), least limiting water range (LLWR), and integral water capacity (IWC) were measured.

Results: The interaction effect of fungus, salinity, drought, and plant species on colonization percentage
showed that the rate of root colonization varied at different levels of drought and salinity. At 7 dS m™! salinity
level, the percentage of root colonization with G. geosporum increased with increasing soil drought stress
from MAD of 50 to 80%, in both plants. The highest SOC (i.e., 0.29%) was observed in the A. canescens
inoculated by G. gesporum at different salinity and drought levels. On the other hand, the interaction
between all treatments indicated that the total and easily extractable glomalin increased with increasing
salinity and drought due to fungal inoculation in both plants. The relationships between total and easily
extractable glomalins with SOC were positive and significant, indicating that total and easily extractable
glomalins contribute to SOC storage (2). The effect of AMF inoculation on 4. canescens and H.
ammodendron at different levels of drought and salinity indicate that PAW, LLWR and IWC had
significantly higher values as compared to control treatment. This finding may be attributed to the presence
of high organic matter and high glomalin. The positive and significant correlations (1% level) between PAW,
LLWR, and IWC with SOC, and total and easily extractable glomalins support this finding. Galazka et al.,
(1) found that the role of SOC and glomalin may be of great importance when assessing soil quality and
improvements in soil health.

Conclusions: This study shows that the soil organic carbon content, glomalin concentration, and soil
available water increased in the plants inoculated with G. geosporum and G. mosseae, in stressful conditions.
As percentages of AMF root colonization were very low (2.7-18.0%), the increase in these properties cannot
be attributed to the use of mycorrhizal fungi with certainty.
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