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Figure 1- Location of Gareh Bygone Plain and Aquifer Management Kowsar Station in Iran, Fars and
Qare-Aghaj Basin Watershed.
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Figure 2- Satellite Image of the Flood Spreading Area in Gareh Bygone Plain in Year 2002.
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How to prepare pots with sterilized sand planting bed (to a depth of 3 cm) and placing the soil of How to irrigate the pots for planting seed bank samples in the greenhouse using the fogging
the seed bank to a depth of 1 cm on them to transfer to the greenhouse method to prevent erosion of the soil surface of the pots and the uniformity of receiving moisture

6ol 9 S s (30,5 00kl (50l duslo (10,5 s yiwsl oy 30 S )0 Gl 31 (510 paiged) g3y sl oy gl ¥ S
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Figure 3- Images of the research implementation stages (sampling from the soil seed bank in the field,
sterilizing the blown sand, preparing the planting bed and watering the planting trays)
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Figure 4- Newly emerged seedlings of several plant species in special pots for planting soil seed bank
samples in the greenhouse.
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Koelpinia linearis, Silene sp., Chenopodium
album, Convolvulus lineatus, Brassica sp.
Sinapis Aucheri, Sisymbrium altissimum,
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Juncus effuses, Otostegia persica, Trigonella
monspeliaca, Plantago notate, Trachynia
distachya, Lolium prenne, Setaria viridis,
Lolium sp., Bromus rubens, Ceratocephala
falcate, Adonis aestivalis .
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Table 1- Variance Analysis of Biodiversity Indices between Flood Spreading Network Strips and Control
at a depth of 0-5 cm in the soil seed bank.

source of variables source of error DF  sum of squares mean squares F
Strips and control 6 13.2000 2.2000 13.94 **
Simpson species diversity error 98 15.4616 0.1578
total 104 28.6616
Strips and control 6 109.331 18.221 9.02 **
Shannon-Weiner species diversity error 98 127.226 2.019
total 104 2.261 1.130
Strips and control 6 33.8571 5.6429 26.01 **
Menchinic species richness error 98 21.2586 0.2169
total 104 55.1157
Strips and control 6 38.3571 6.3929 12.15 **
Margalef species diversity error 98 51.5614 0.2169
total 104 89.9185
Strips and control 6 8.9143 1.4857 15.07 **
Hill species evenness error 98 9.6655 0.0986
total 104 18.5787
Strips and control 6 48115.7 8019.3 71.02 **
Seed species density error 98 11066.0 112.9
total 104 59181.7
Strips and control 6 174.514 19.086 11.29 **
Number of plant species error 98 250.192 2.553
total 104 424.706
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Table 2- Comparison of the Mean Indices of Biodiversity between Flood Spreading Strips and Control
at a depth of 0-5 cm in the soil seed bank.

The Bisheh-Zard of flood Simpson S-harmon—- Menchmw Margalef Hill - Seeq Number
. . Weiner species species species species species of plant
spreading network and species L . . . .
. . diversity richness  richness evenness density species
control diversity
Strip 1 1.00 a 140 a 2.00 a 2.20a 1.10a 85a 5.00 a
Strip 2 0.90 a 1.30 ab 1.70 ab 2.00 ab 1.00 a 83a 4.00 ab
Strip 3 0.70 ab 1.00 abc 1.70 ab 1.80 ab 0.80 ab 80a 3.00 be
Strip 4 0.50 be 0.90 be 1.30 be 1.60 abc 0.60 b 60 b 3.00 be
Strip 5 0.50 be 0.80 ¢ 1.00 ¢ 1.30 be 0.50 be 60 b 2.00 cd
Strip 6 0.44 be 0.60 cd 090 ¢ 1.00 cd 0.50 be 50b 2.00 cd
Control 0.15¢ 0.30d 0.20d 0.30d 0.20¢c 20 ¢ 0.80d
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Table 3- Variance Analysis of Biodiversity Indicators between Flood Spreading Network Strips and Control
at a depth of 5-10 cm in the soil seed bank.

source of variables source of error DF  sum of squares mean squares F
Strips and control 6 1.12157 0.18693 10.23 **
Simpson species diversity error 98 1.79120 0.01828
total 104 2.91277
Strips and control 6 2.60229 0.43371 9.02 **
Shannon-Weiner species diversity error 98 4.76220 0.04859
total 104 7.36449
Strips and control 6 4.25357 0.70893 8.29 **
Menchinic species richness error 98 8.38260 0.08554
total 104 12.636
Strips and control 6 11.6571 1.9429 15.04 **
Margalef species diversity error 98 12.6636 0.1292
total 104 24.3207
Strips and control 6 3.23014 0.53836 11.66 **
Hill species evenness error 98 4.52540 0.04618
total 104 7.75554
Strips and control 6 34302.9 5717.1 55.93 **
Seed species density error 98 10018.0 102.2
total 104 44320.9
Strips and control 6 112.629 18.771 11.70 **
Number of plant species error 98 157.269 1.605
total 104 269.898
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Table 4- Comparison of the Mean Indices of Biodiversity between flood spreading strips and Control at a depth
of 5-10 cm in the soil seed bank.

The Bisheh-Zard of flood Simpson Shannon—. Menchmlc Margglef Hill species See'd Number
. . Weiner species species species species of plant
spreading network and species . . . . evenness . .
. . diversity richness richness density species
control diversity

Strip 1 0.40 a 0.60 a 0.80 a 1.20 a 0.58 a 62a 3.00 a

Strip 2 0.38a 0.52 ab 0.65 ab 1.10a 0.50 ab 50b 3.00a

Strip 3 035a 0.50 ab 0.60 ab 1.00 ab 0.50 ab 42b 3.00a

Strip 4 0.30 ab 0.40 ab 0.50 ab 0.70 be 0.30 be 30c 2.00 ab

Strip 5 0.20 be 0.30 be 0.50 ab 0.60 ¢ 0.30 be 20 ¢ 1.00 be

Strip 6 0.20 be 0.30 be 0.45b 0.50 cd 0.20 cd 20¢ 1.00 be
Control 0.10c 0.10¢ 0.10c 0.20d 0.05d 6d 040 c
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Table 5- Comparison of the average biodiversity indices between two different depths of the soil seed bank in strip 3 of
Bisheh Zard network 1 using t-test analysis.

Compgrlsons DeptAhs (?f Blodl\fersﬁy Mean Standard Star}dgrd DF Sig. (2-tailed)
Pairs Investigation Indices Error Deviation

0-5cm i i

| Slmp;on species 0.97 0.376 2.69 28 0.012 *
5.10 cm diversity
0-5 -Wei

5 cm Shaqnon WCII:ICI” 0.093 0.359 3.08 28 0.005 **
5.10 cm species diversity
0-5cm ini i

3 Menc}_umc species 0.130 0.503 6.69 28 0.000 **
5.10 em richness
0-5 cm i

. Margalef species 0.200 0.763 3.49 28 0.002 **
5.10 em richness
0-5 cm i i

s Hill species 0.087 0.338 259 28 0.015 *
5.10 cm evenness

6 0-5 cm Seed species 2.80 10.7 10.05 28 0.000 **
5-10 cm den51ty
0-5cm

; Number c_)fplant 0.34 132 0.00 28 1.000 ns
5.10 cm species

ns: non-significant s I0 ime

*: at the level significant 5% el s gime 8o )3 O mhaws 5o

** : at the level significant 1% el s cne 2o y0 ) mhaw 4o

&



U’/"/{TU’ f‘j"};

slass slie jasls o8 5l Jg il ()l me gles
e Kb bz (615 93 e dald gadad > L

(£ Jods) s saaline ()l sixe gles oS pun

e TP 9 05155 L g9 St Ll 1 Yoy 51 (o) 2

£s5 sl 81 a8 b ol b eeil Libos gl
SB L SSb o il 0=V g o—0 g1)5 93 ple ()
20 97N oy (a8ld) OMew st el (gadkb 5

Julos 3l oolisiw! b (ald) ol iy (g gankad ;o S )iy UL bz 155 90 Gl (S ) E935 SRS LE Al -F Jgu

t 9030
Table 6- Comparison of biodiversity indices between two different depths of the soil seed bank in the plot without flood
spreading (control) using t-test analysis.

Comparisons Depths of Biodiversity Mean Standard Standard . .
Pairs Investigation Indices Error Deviation bF Sig. (tailed)
0-5cm i i
1 Simpson species 0.020 0.075 2.14 28 0.041 *
5-10 cm diversity
0-5 -Wei
2 o Shannon-Weiner 0.050 0.194 3.78 28 0.001 **
5.10 cm species diversity
0-5cm ini i
3 Menchinic species 0.024 0.092 3.75 28 0.001 **
5-10 cm richness
0-5 cm i
4 Margalef species 0.039 0.153 1.89 28 0.070 ns
5-10 cm richness
0-5cm Hill species
5 0.026 0.100 5.54 28 0.000 **
5-10 cm evenness
6 0-5 em Seed species 2.70 10.6 4.89 28 0.000 **
5-10 cm density
0-5cm
7 Number of plant 0.12 0.464 3.05 28 0.005 **
5-10 cm species
ns: non-significant s IS ixe
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Extended Abstract

Introduction and Goal

In recent years, the use of flood spreading systems is one of the most effective ways to control
surface water, especially in arid and semi-arid regions which In addition to the reduction of the
harmful effects of floods, it results in the reduction of soil erosion, the strengthening ground
water tables, the improvement of agricultural lands and the rehabilitation of rangelands vegetation.
In flooded rangelands, there is little information about the characteristics of the soil seed bank.
This, in turn, has cost and wasted a lot of time. The presence of many species in the seed bank
can explain the effects of environmental and management factors in the past. Identification of this
resource plays an important role in the protection and restoration of vegetation. In this regard, the
aim of the current study is to assess the biological diversity indicators of the existing seed bank due
to flood spreading in order to restore and improve the vegetation cover in such rangelands.
Materials and Methods

In order to investigate the effects of flood spreading on the composition, density, diversity,
richness and evenness species of the soil seed bank in two areas with flood spread and without
flood spread (Control) in Gareh Bygone Fasa region, seed bank research was carried out for three
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years from 2020. In June 2020, was done after the preliminary identification of the rangelands of the flood
spreading area, the location of two representative areas inside and outside the flood spreading area
(Control). Sampling of the soil seed bank in the fall of 2020, before the seeds in the soil began to grow.
Inside the representative area (rangeland flooded in 6 strips) and Control (rangeland without flooding),
1 transect of 150 meters was established in the direction perpendicular to the slope of the land. At 10-m
intervals along each transect, a 1-m2 plot was randomly selected (total of 15 plots or repetitions). A pit
with a diameter of 7 cm and a depth of 0 to 5 and 5 to 10 cm was dug in the four corners and center of each
plot. Soils of each depth were combined separately in five points of one square meter plot and considered
as a sample for planting in special trays in the greenhouse. The soil seed bank samples were kept in the
refrigerator for four months to break the seed dormancy and then transferred to the greenhouse
environment for one year for cultivation and by the seedling emergence method, the seeds in the soil
which gradually they turned green, were identified and counted.

Analyzes related to the seed bank were performed based on the number of germinated seedlings and
counted in the greenhouse. The density of species in the soil seed bank was calculated by calculating
the total number of seeds of all species per square meter. The diversity, richness and evenness of species
were assessed using PAST software. For species richness of the soil seed bank, Margalef and Menhinic
indices were used, Shannon-Wiener and Simpson indices were used for diversity, and Hill index was used
for evenness.

To compare the properties of the soil seed bank (density, richness, diversity and evenness of species) was
also used between two representative areas of flooded rangeland and non-flooded rangeland (control)
independent t-test and paired t-test were also used to compare between two depths of 0-5 and 5-10
cm. The analysis was conducted via R software, employing one-way analysis of variance and Duncan’s
method for comparison of means.

Results and Discussions

The results of the greenhouse studies showed that a total of 5340 seeds germinated in the greenhouse,
3756 seeds germinated in the flood spreading area at a depth of 0-5 cm and 1190 seeds germinated at
a depth of 5-10 cm. In the area without flooding (control), 329 seeds grew at a depth of 0-5 cm and 65
seeds grew at a depth of 5-10 cm. In the flood spreading area of Aquifer Management Kowsar Station, in
terms of the average density of the seed bank, at a depth of 0-5 c¢m, a total of 113 seeds per square meter
(from 18 plant families and 61 species) sprouted. At a depth of 5-10 cm, a total of 36 seeds per square
meter (from 18 plant families and 56 species) germinated. In the control area, in terms of the average seed
bank density, at a depth of 0-5 cm, the average of 9.96 seeds per square meter (from 10 plant families and
23 species) germinated. At a depth of 5-10 cm, the average of 1.96 seeds per square meter (from 8 plant
families and 15 species) germinated. The average density of sprouted seeds in the soil depth of 0-5 cm
was 3.14 times higher than that in the soil depth of 5-10 cm. In the control area, the average density of
germinated seeds in the soil depth of 0-5 cm was 5.08 times higher than that of the soil depth of 5-10 cm.
The results of variance analysis showed that in terms of biodiversity indices (density, number of species,
diversity, and richness species evenness) between the strips of Bisheh Zard 1 and control flood spreading
network at the depth of 0-5 and 5-10 cm of the bank, there is a significant difference between soil seeds at
the level of 1% and 5%. The results of the t-test showed that in terms of biodiversity indices between the
depths of 0-5 and 5-10 cm of the soil seed bank both in the flood spreading area and in the non-flooding
area (control) there is a significant difference in there are 1% and 5% levels.

Conclusion and Suggestions

In general, it can be concluded that the implementation of flood spreading operations in the studied
area has created a special ecosystem that has improved the environmental conditions such as sufficient
humidity and suitable organic matter in the area. Also, it has a significant effect on increasing the density
and diversity, richness and evenness of the soil seed bank species, as well as the species composition.
Therefore, the potential of the existing seed bank can be used to rehabilitation this area and similar areas.
In general, the results of this research showed that the soil seed bank of this region had a positive response
to the implementation of the flood spreading operation, so that the highest density, diversity, richness
and evenness of the soil seed stock was observed in the flood spreading area. It is suggested to carry out
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projects on the effects of flood spreading on biodiversity indices in forestry plots with different spe-
cies of Eucalyptus, Acacia, as well as shrub planting plots with Atriplex species, as well as a control
plot be compared in Gareh Bygone, Fasa. This research’s findings can be used in preserving plant
diversity, preserving genetic reserves, and revitalizing and managing vegetation in the region.

Keywords: Biodiversity, flood, Gareh Bygone Plain of Fasa, seed germination



