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Table 1-Results of two-way ANOVA to determine the effects of complete dry and dry-dewatering
conditions (moisture conditions) and cyanobacterial inoculation concentration levels on treatments
soil nitrogen and organic matter.

Variable Soil depht

Variation sources

df Mean Square F-value Sig.

Moisture conditions
0-1cm Inoculation
Moisture conditionsxinoculation

Total nitrogen (%)

0.001 7.526" 0.014
0.003 29.486™ 0.0001
0.00002 0.196™ 0.898

Moisture conditions
0-5cm Inoculation
Moisture conditionsxinoculation

0.001 4.186™ 0.058
0.001 7.175™ 0.003
0.00001 0.055™ 0.982

Moisture conditions
0-1cm Inoculation
Moisture conditionsxinoculation

Organic matter (%)

1.613 27.455™ 0.0001
0.039 0.664™ 0.586

Moisture conditions
0-5cm Inoculation
Moisture conditionsxinoculation

0.355 3.842™ 0.068
1.964 11.562™ 0.0001

1
3
3
1
3
3
1 0.302 5.146" 0.037
3
3
1
3
3 0.004 0.450™ 0.987

ns= not significan
*= significantly at p<0.05
**= significantly at p<0.01
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Table 2- Results of one-way ANOVA to determine differences (p<0.05) cyanobacterial inoculation
effects on soil nitrogen and organic matter content under completely dry and dry-dewatering

conditions.
Treatments Variable Soil depht Variation sources df Mean Square F-value Sig.
Between groups 3 0.001 18.488™ 0.001
0-1cm Within groups 8 0.0001
Total nitrogen Total 11
(%) Between groups 3 0.0001 1.732™ 0.237
0-5cm Within groups 8 0.0001
Completely dry Total 11
Between groups 3 0.860 15.34™ 0.001
0-1cm Within groups 8 0.056
. Total 11
Organic matter (%) Between groups 3 0468 8.31" 0,008
0-5cm Within groups 8 0.059
Total 11
Between groups 3 0.002 12.968™ 0.002
0-1cm Within groups 8 0.0001
Total nitrogen Total 11
(%) Between groups 3 0.001 16.646™ 0.001
0-5cm Within groups 8 0.0001
Dry-dewatering Total 11
Between groups 3 0.793 12.891™ 0.002
0-1cm Within groups 8 0.061
. Total 11
Organic matter (%) Between groups 3 0.582 4.613" 0.037
0-5cm Within groups 8 0.126
Total 11

ns= not significan
*= significantly at p<0.05
**= significantly at p<0.01
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Figure 2- Comparison of the mean soil nitrogen (a and b) and organic matter (c and d) content in

response to cyanobacteria inoculation treatments (0, 1.5, 3, and 6 g m2) under both completely dry

(a and c) and dry-dewatering (b and d) conditions.
(Similar upercase letters indicate no significant difference (p>0.05) among inoculation treatments at each depth and similar
lowercase letters indicate no significant difference (p>0.05) between depths at each inoculation level).
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Table 3- Results of an independent samples t-test to determine the mean difference (p<0.05)
between the two groups of completely dry and dry-dewatering conditions on soil nitrogen and
organic matter content at each cyanobacteria inoculation level separately.

. . . Treatment .
Variable Inoculation concentration Completelydry _ Dry-dewatering df t-value Sig.
0 (control) 0.111 0.117 4 -0.792™ 0.472
Total nitrogen 1.5gm? 0.122 0.132 4 -1.036™ 0.359
(%) 3gm? 0.140 0.151 4 -1.521™ 0.203
6gm? 0.155 0.169 4 -3.096™ 0.003
0 (control) 1.63 1.81 4 -0.570™ 0.599
Organic matter 1.5gm? 2.24 2.70 4 -2.751™ 0.051
(%) 3gm? 2.69 3.80 4 -0.718™ 0.512
6gm? 2.80 2.95 4 -2.370™ 0.077

ns= not significan
**= significantly at p<0.01
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Extended Abstract

Introduction and Goal

Healthy ecosystems are vital for sustainable development, serving as the foundation for food
security and biodiversity while providing essential resources and services for survival and well-
being. Weaknesses in implementating sustainable development plans lead to increased
exploitation of resources and instability of ecosystems, particularly in water and soil
management. Furthermore, unsustainable practices have led to the formation of new and fragile
landscapes. Permanent or seasonal dryness of wetlands, due to unsustainable water
consumption, is one of the negative consequences of improper exploitation of water resources,
turning their beds into sources of dust. Despite extensive efforts to stabilize and enhance the
sustainability of beds, the durability and effectiveness of conventional solutions for controlling
wind erosion in these beds have faced challenges due to the periodic flooding of wetlands.
Recently, the approach of inoculating cyanobacteria aimed at stabilizing erosion-sensitive beds
has gained attention; however, its effectiveness under dry-flooding conditions of wetlands has
not been examined. Furthermore, direct measurement of wind erosion resulting from bed
stabilization efforts, as well as the use of indicators determining soil erosion sensitivity, such as
organic matter content and total nitrogen from the components of soil biological richness, is also
common. Therefore, this study was conducted to evaluate the effects of inoculating different
concentrations of native cyanobacteria on the organic matter content and nitrogen in the soil
under conditions of complete dryness and dry-flooding.

Materials and Methods

For this research, the international Kobi Baba Ali Wetland, in West Azerbaijan Province in
northwestern Iran was selected. This 500-hectare wetland is known as the Ramsar Convention.
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The mentioned wetland is subject to seasonal cycles of dryness and flooding due to decreased
rainfall and unsustainable water use upstream. Volume soil samples from the dried bed of the
wetland were collected and transferred for preparation into small erosion trays. Simultaneously,
native cyanobacteria for soil conservation of the dried-up wetland bed were extracted,
identified, purified, and propagated.

From the obtained Cyanobacterial (Nostoc sp. and Oscillatoria sp.) four concentrations of 0,
1.5, 3, and 6 g m were prepared. Then, the prepared cyanobacteria were water-inoculated on
prepared trays based on the defined treatments in four replicates. The penetration depth of the
inoculation solution was at least one cm. Then, the treated trays were placed under two
conditions: completely dry (representing a permanently dried wetland) for 134 days, and dry-
dewatering (representing a seasonal wetland experiencing cycles of dryness in the warm seasons
and flooding during the rainy seasons) with a total of 60 days of dryness, 60 days of flooding,
and 14 days of dryness (a total of 134 days). A total of 32 experiments were conducted (16
experiments under complete dryness conditions and 16 experiments under dry-flooding
conditions). The study was conducted in the from of a completely randomized experimental
design from July to November 2022. After the completion of the experiments, the
measurements of organic matter and total nitrogen in the soil were determined using the
Walkley-Black and Kjeldahl methods, respectively. Finally, statistical analysis of the results
was conducted using one-way and two-way analysis of variance and independent t-tests.
Results and Discussion

The findings showed that the effects of cyanobacteria inoculation treatments (concentrations of
0, 1.5, 3, and 6 g m™) on nitrogen content at depths of 0 to 1 cm were significant (at the 1%
probability level) under both complete dryness and dry-flooding conditions. The effects of the
inoculation treatments on nitrogen content under dry-flooding conditions at depths of 0 to 5 cm
were also significant (at the 1% probability level). The effect of inoculation treatments on soil
organic matter content was significant (at the 5% probability level) at both depths of 0 to 1 and
0 to 5 cm and under both complete drought and drought-waterlogging conditions. Nitrogen
content increased by 26% and 39% under complete dryness conditions with the inoculation of
medium (3 g m?) and high (6 g m?) concentrations of cyanobacteria, and by 28% and 44%
under dry-flooding conditions, respectively. Organic matter also increased by 65% and 72%
under complete dryness conditions with the inoculation of 3 and 6 g m?, and by 49%, 54%, and
63% with the inoculation of 1.5, 3, and 6 g m under dry-flooding conditions, respectively. The
interaction effects of moisture conditions (dry vs. dry-dewatering) and cyanobacterial
inoculation on soil nitrogen and organic matter content were not insignificant (at the 5%
probability level). The performance of inoculating low concentrations of cyanobacteria (1.5 g
m~2) in improving the examined components was not acceptable.

Conclusion and Suggestions

The results of this study indicated that the effects of the annual natural flooding of the wetland
on improving soil organic matter and nitrogen content, and in other words, on the expansion of
the soil biological crust in dry beds, were not positive. Therefore, the implementation of other
measures, such as the inoculation of cyanobacteria, is essential for improving organic matter
and nitrogen as components of soil sustainability. The findings showed that when cyanobacteria
were inoculated into the soil under dry-flooding conditions, they both survived and grew,
similar to complete dryness conditions, increasing the measurements of organic matter and
nitrogen. While the inoculation of cyanobacteria is effective in improving soil sustainability
components against erosive factors, there are also concerns about their negative effects on
wetlands as an invasive species, especially on a large scale, which requires further investigation.
The inoculation of cyanobacterial, especially at a concentration of at least of 3 g m is a rapid
and environmentally friendly method for stabilizing the substrates of dried wetlands,
particularly for wetlands with alternating flooding and dryness conditions. It is recommended
that complementary studies be conducted on a desert scale with conditions of alternating
dryness and natural dry-flooding, along with field measurements of wind erosion.
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