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1- Polysaccharide

2- Exopolysaccharide

3- Spider-like System

4- Binding and Bonding Effects
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1- Endemic

2- Polyvinyl Chloride (PVC)
3- Bold’s Basal Medium

4- Blue Green 11
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2- Homogeneity of Variance
3- Levene
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Figure 1. Isolation and proliferation of cyanobacteria (1 and 2), preparation of plots (3), inoculation of
cyanobacteria (4), inducing plots to freezing-thawing cycle in cooling system (5), and rainfall simulation on
treated plots (6).
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Table 1. Times to runoff (min) in control and cyanobacteria treated plots.

i S Gl Sl S .
o Slex
Coefficient of Standard Mean Replication
o . Treatment
variation (%) deviation (mm) (mm) 6 5 4 3 2 1
a dals
24.81 1.51 6.10 8.35 5.24 7.13 4.03 5.58 6.25
Control
Sl
20.19 4.05 20.06" 27.28 1650 17.18 21.57 17.50  20.30 Sk
Cyanobacteria
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Table 2. Total volume runoff (ml) output from control and cyanobacteria treated plots.

L S Gl Sl BN .
o Slex
Coefficient of Standard Mean Replication
SRS . Treatment
variation (%) deviation (mm) (mm) 6 5 4 3 2 1
a dals
14.6 656.4 4497.8" 4110 4336 4591 4327 3878 5745
Control
Sl
52.2 824.0 15792° 160 2160 1871 1712 2440 1132 Sk
Cyanobacteria
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Table 3. Runoff volume (ml) five minutes after precipitation in cyanobacteria and control treated plots.

. . . . | <5
Sl s e Bl Sl ).Ji_ s
. o Replication
Coefficient of Standard
L. . Mean (mm) Treatment
variation (%)  deviation (mm) 6 5 4 3 2 1
a dals
151.0 245.0 162.2 42 60 32 35 150 654
Control
Sl
50.7 40 7.8" 4 10 13 4 11 5 S AL
Cyanobacteria
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Table 4. Time variations of runoff volume (ml) at two, three, and five minutes intervals in plots.

Sl s el S A ol ¥
Coefficient of ~ Standard Mean Replication Time T -
variation (%) deviation (mm) (mm) (min) reatment
6 5 4 3 2 1
339 24.6 75.2 76 120 60 64 51 64 1
21.3 28.6 134.0 150 166 156 102 98 132 2 2
25.2 46.9 186.0 198 250 208 194 116 150 3
28.0 99.1 3533 308 460 422 315 195 420 1 "
22.0 88.4 401.8 340 374 485 384 298 530 2 3 % E
20.8 100.3 482.8 402 482 520 405 424 664 3 =
14.6 118.9 814.3 862 668 840 850 684 982 1
9.4 84.6 903.3 836 854 900 916 850 1064 2 5
8.1 79.6 987.5 896 902 968 1062 1012 1085 3
0.0 0.0 0.0 0 0 0 0 0 0 1
0.0 0.0 0.0 0 0 0 0 0 0 2 2
2449 2.4 1.0 0 6 0 0 0 0 3
117.0 41.7 35.7 0 96 68 0 50 0 1 *g G
89.3 94.0 105.3 0 155 168 81 228 0 2 3 ?‘; 16‘}\
71.4 134.2 187.8 0 261 210 180 386 90 3 §, T
58.6 174.4 297.5 14 412 360 312 502 185 1
46.7 199.3 426.5 68 570 496 525 580 320 2 5
434 224.4 517.5 74 650 556 610 683 532 3
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Table 5. Time to peak (min) and volume (ml) of runoff from rainfall start in plots.

SliedS up e Sl < IS B

Coefficient ~ Standard Replication e
.. .. Mean

of variation  deviation (mm) Treatment
(%) (mm) 6 5 4 3 2 1

S Ol Slaas by s Oley Slae Ol lde Ol Llae Obey lae Ol Slde Ol laae Ole e

8.58 18.56 16.98 6.23 198.50" 33.60° 179 3835 180 3524 194 37.13 212 34.3 202 35.58 221 2125 dals

4334 8.09 44.86 4.05 103.50° 50.06° 15 57.28 130 46.50 111 47.18 122 51.57 137 47.50 106 5030 & Sbslw
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Table 6. Time changes of runoff coefficient (%) in two, three, and five minute intervals after runoff in plots.

kS b Shire 3l ol s J I;J s "
Cogfﬁcient of (?;irilzft?(r)(ril Mea;l (r;1m) Replication Tirpe Treatn;ent
variation (%) (mm) 6 5 4 3 2 1 (min)
33.96 4.22 12.44 13.04 2058 10.29 10.98 8.75 10.98 1
21.34 4.90 2298 2298 2847 26.76 17.50 16.81 22.64 2 2
25.20 8.04 31.90 3190 4288 35.68 33.28 19.90 25.73 3
28.05 11.33 40.38 3520 5257 48.23 36.00 22.29 48.00 1 A
21.99 10.10 45.92 3886 4274 55.43 43.89 34.06 60.57 2 3 % E"_
20.76 11.46 55.18 4594  55.09 59.43 46.29 48.46 75.89 3 -
14.60 8.16 55.85 59.12 4582 57.61 58.30 46.91 67.35 1
9.36 5.80 61.96 57.34  58.57 61.73 62.83 58.30 72.98 2 5
8.07 5.46 67.73 6145  61.87 66.39 72.84 69.41 74.42 3
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2 2
22495 0.42 0.17 0.00 1.03 0.00 0.00 0.00 0.00 3
117.00 4.77 4.08 0.00 10.97 7.7 0.00 5.71 0.00 1 ‘g [
89.28 10.75 12.04 0.00 17.71 19.20 9.26 26.06 0.00 2 3 g-; 19
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58.62 11.96 20.40 0.96 28.26 24.69 21.40 34.43 12.69 1 -
46.72 13.67 29.25 4.66 39.09 34.02 36.01 39.78 21.95 2 5
43.37 15.39 35.49 5.08 44.58 38.13 41.84 46.84 36.49 3
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Table 7. Total Runoff Coefficient (%) Output from in control and cyanobacteria treated plots.
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Figure 2. Microscopic view of cyanobacteria (A), their network expansion (B), soil particles binding to the
adhesive walls of cyanobacteria (C) and bonding soil particles to each other (D).
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Abstract

Background and Objectives: Nowadays, the use of soil microorganisms as soil inoculators
is being promoted to promote biotechnological methods to protect the environment. On the
other hand, soil and climate conditions are among the important factors affecting the quantity
and quality of soil erosion. So that, climatic agents such as freezing and thawing influence
erosion dynamics. In this regards, soil conservation in watershed slopes and the significant
role of freezing-thawing cycle in the production of surface runoff by the use of soil
microorganisms such as cyanobacteria due to stability and proper sequence conditions of
vegetation cover, adhesion and stabilization of soil for regeneration. Sustainable upgrading of
ecosystems seems to be essential, while most soil and water conservation practices in the
drainage network are engineered without considering the potential of biological methods for
water and soil loss control. Therefore, the purpose of this study was to investigate the
feasibility of inoculation of soil cyanobacteria in inhibition of surface runoff from soil under
freezing-thaw conditions in a small plot.

Materials and Methods: For this purpose, the studied soil was taken from dryland and prone to
erosion area of Badranloo in North Khorasan Province. Then, the most suitable native
cyanobacteria in origin soil were identified, selected, purified and propagated, and ultimately
inoculated on the plots in six replications for the capability assessment for soil and water
conservation. Comparison of control and inoculated treatments with cyanobacteria under a
freezing and thawing cycle was made under simulated rain conditions with intensity of about 72
mm.h™" lasting for 30 min and on small erosion plots (0.5 x 0.5 m) with slope of 20% in the Rain
and Erosion Simulation Laboratory of Tarbiat Modares University, Iran.

Results: The results showed that inoculated cyanobacteria treatment after a freeze-thaw cycle
significantly (P<0.001) improved the surface runoff components compared to the control

* Corresponding Author; Email: sadeghi@modares.ac.ir
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treatment. Statistical comparisons of the means also showed that cyanobacteria inoculation
treatment significantly (P<0.001) increased runoff commencement and time to peak at
respective tune of 228 and 49%, and decreased runoff peak and volume at rates of 48 and 65%
compared to those of the control treatment.

Conclusion: The results of the current study showed the positive effect of soil cyanobacteria
inoculation for water conservation. It therefore could be supposed as an efficient, economic, and
biological tool for improving the hydrological behavior of freezing-thawed soils. Hence, the
results of this study could be used to designate the management patterns of water and soil
conservation and extend to areas with similar conditions.

Keywords: Fandoghlou forests, Land use change, Principle component analysis (PCA),
Soil quality
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