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Abstract

The present study investigated the effect of some physicochemical factors on the biodiversity
of Cyanobacteria In the agricultural soils of some areas in the city of Diwaniyah, where six areas
are selected: Ghammas, Al-Shamiya, Al-Saniya, Afak, Al-Daghara, Al-sadeer with five farms per
region during spring, Physical and chemical factors of the soil range between 21-23.5 °C and pH
between 7.72-7.33, electrical conductivity between 233.8-3072 ps/cm, salinity between 0.268-
1.730%, Nitrate between 7.46-20.0400 ppm, and phosphate between 1.340-5.260 ppm while the soil
texture, the percentage of sand ranges between 12.08-15.68%, the Silt between 50.112-53.216%,
and the clay between 34.208 -35.5%, the organic matter is between 3.350-6.202%, potassium 23-
57ppm, calcium between 125.2-1320 ppm, magnesium between 51.46-557 ppm, and sodium
between 1.3040-12.3580 ppm. Cyanobacteria species identified in this study is about 26 species.
The dominant species of cyanobacteria represented by Oscillatoria sp. with percentage 50%,
followed by Phormidium sp.19.230%, then Chroococcus sp. and Spirulina sp. 7.692%, Finally,
Gleocapsa sp., Microcoleus, sp. and Shizothrix sp. reachto 3.864%. Some species
of Cyanobacteriarecord in all soil areas like Oscillatoria acuta, O. Laetevirens,
O. tenuis, Phormidium anomala, and P. pachydermiticum. The lowest number of Cyanobacteria is 2
in Afak and in Al-Sanyia and the highest number is 8 in Gammas. The Shannon Diversity index
values of ranged between 2.350-2.685. While Simpson index Diversity values range between 0.935-
0.960 in Afak and Ghammas, respectively. The results of the statistical analysis showed significant
differences and a positive, negative correlation between physicochemical factors and to

the cyanobacteria numbers of some agricultural areas at p<0.05.
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Introduction

The soil is a major reserve for organic and mineral raw materials and it is an essential for plant
stability, providing food and water for its growth and development, as well as being habitat for all
flora and fauna, which are more abundant in wet soils [1]. Algae is one of the most common
organisms lives in soil, Cyanobacteria one of the most abundant organisms which is negative gram
bacteria a prokaryotic distributed in all habitats such as hot springs and northern, southern polar
regions, trees bark, and soil surface. It is photosynthetic organisms and provides high values of
oxygen. It is the oldest groups on Earth since the volcanic age, the lifetime of it is more than 2.5-3.5
million years ago [2].

Cyanobacteria have certain qualities and characteristics that make them resistant inappropriate
environmental conditions such as temperature, pH, nutrients availability [3]. They live free or in a
symbiotic relationship with plants, fungi, and animals [4]. Algae play an important role in
ecosystems especially Cyanobacteria, in oxygen supplying the atmosphere which is important to all
forms of life [S]. Song, et al. [6] remembered that role of Cyanobacteria in the soil is increase the
porosity of it especially filamentous forms of their species. They have secreted growth-enhancing
substances such as hormones (auxin and gibberellin), vitamins and amino acids. [7]. Also, reduce
soil salinity, inhibits the growth of harmful herbs, and also increase phosphates in soil by secretion
of organic acids [8]. They increase the ability of soil to keep water via its gelatin structure [9].
Cyanobacteria are used as biofertilizers in agriculture because of their ability to nitrogen fixation
from the atmosphere [10]. The present study aims to know the effect of the physicochemical factors

on biodiversity of Cyanobacteria in some agricultural soil Al-Diwaniya city.

Materials and methods
Study Area Description

Study Area locates in the province of Al-Diwaniyah, one of the southern cities of Iraq in the
region of the Middle Euphrates, which is part of Iraq's plain sedimentary flood, which is located
between latitudes 17.31, 2432N and longitude 44.24, 45.49E. Six areas are selected from Al-
Diwaniya, which was Ghammas, Al- Shamiya, Al-Daghara, Afak, and Al-Sadeer (Figure 1). Soil
samples collected from this agricultural field by five replicates for each field during spring 2017.



En

Dagraraj" :
)

Figure 1 Satellite map by Google earth explain study area of sample collections

Physical and chemical properties of soil

Soil temperature is measured by using a soil thermometer. pH measured by pH Meter, type-
Senso direct, Lovibond company, German after calibration with Buffer Solution[11]. Electrical
conductivity is measured according to [11] by EC meter, type SM 301, American Milwaukee
Corporation. While Salinity is estimated based on the values of electrical conductivity according to
the equation [12] [salinity (%o) = electrical conductivity (us/cm) x 640 x 10-6]. Nitrate is estimated
by acidic diphosphate method according to [13]. Phosphate is estimated by [14] method. Soil
texture is determined by Hydrometer Method according to [11] method. Organic matter is
calculated according to [14] method. Calcium and magnesium and Potassium are measured by the
atomic absorption spectroscopy [15]. While sodium measured by [16] method, by Flame

photometer.



Isolation and identification of Cyanobacteria

Cyanobacteria are isolated, according to [17] method, where samples are collected from the
surface layer of the soil depth Scm, about 40 g of wet soil has cyanobacteria in a petri dish. Then
covered by Lens Later, these dishes are exposed to the feeble light in laboratory overnight, and
remove lens paper with attached cyanobacteria in tubes with Lugol's iodine Solution for kept,
the cyanobacteria examined by optical microscopy under x40, and identified depending on the

classification keys, [18, 19].

Biodiversity Indexes
1- Shannon and Weaner Index: The value of diversity has been calculated as follows [20]H =
— Y-, PiLnPi

2- Simpson Index of Diversity: Simpson's index is calculated using equation mentioned in [21] as

1
Z(P)?

the following: SI =

Statistical analysis

The variations of the physiochemical factors and cyanobacteria species numbers between six
agricultural soils were estimated using one-way analysis of variance (ANOVA one way), and Least
Significant differences (LSD), the correlation between physicochemical factors and cyanobacteria

species number was done by Pearson’s correlation coefficient using SPSS 24 at P < 0.05.

Results and discussion

Soil temperature: The average of soil temperature ranges between 21-23.6 °C in Al-Saniya and in
Al-Sadeer regions respectively (Table 1). The results indicate significant differences between some
temperature values areas, the difference in values may be due to the time of sample collection [22].
A positive correlation is observed between temperature and cyanobacteria numbers in Ghammas,
Al- Shamiya, AL-Daghara, and AL-sadeer (Table 2). This is because some cyanobacteria species
can tolerate low temperature less than the optimum temperature for their growth which was 25-33

°C [23].



Table 1 physiochemical factors and cyanobacteria species numbers in agricultural soils durin

spring period

Agricultural Soils Ghammas Al-Shamiya Al-Saniya AL-Daghara Afak Al-Sadeer LSD
Physiochemical Factor Mean£S.E Mean=S.E Mean+S.E Mean=S.E Mean+S.E Mean£S.E
22-23 21-23 20.-22.5 22-235 21.5-25 23-24.5
Temperature C° 22.4+0.18 22.40.44 21.00+0.33 22.70+0.33 23.2+1.0 23.6+1.19 1.07
B B C B A A
6.88-7.18 7.20-7.55 7.02-7.54 7.03-7.28 7.02-7.36 7.23-7.50
pH 7.02+0.08 7.29+0.06 7.33+0.11 7.15+0.05 7.25+0.04 7.33+0.48 0.54 (N.S)
B A A B A A
512-962 1100-1700 256-530 2900-3280 202-282 1020-1700
EC (ps/cm) 774.2+77.35 1336+102.44 330.60+50.61 3072+86.87 233.8+13.20 1404+ 12.75 197.8
C B D A D B
0.33-0.71 0.67-1.09 0.16-0.34 1.20-2.10 0.10-1.80 0.30-1.86
Salinity (%o) 0.536+0.06 0.802+0.08 0.268+0.04 1.730+0.32 0.552+0.32 1.16+0.25 0.45
C C D A B B
7.8-8.5 9.9-26.1 4.9-12.3 7.1-7.8 12-13.4 7.1-9.9
Nitrate (ppm) 8.080+1.157 20.0400+27.30 10.642+14.30 7.46+3.748 12.488+4.50 8.480+4.50 0.311
D A B E B C
1.5-1.8 1.1-1.6 1.5-2.1 1.4-1.8 1.5-1.8 4.5-7
Phosphate (ppm) 1.6600+0.67 1.340+0.929 1.7040+1.14 1.60+0.836 1.666+0.417 5.260+4.445 0.48
B C B B B A
6-22.50 12-18.5 11-20 8.40-22 8-22 8.50-30
Sand (%) 12.1+1.21 14.38+1.11 13.6+1.66 12.08+2.51 14.14+2.35 15.68+3.92 6.20 (N.S)
]
St
«E 50-55 50-52 49.60-57 50.88-57.60 45-52.50 44.80-55
& Silt (%) 52.846+0.89 50.7+1.19 51.52+1.38 53.216+1.15 50.36+2.05 50.112+1.62 7.51
= A A AB A B AB
@ 25.12-39 29.5-37.2 29.40-39 25-39.12 32-39.70 25.20-39.30
Clay (%) 34.624+0.97 34.92+1.8 34.88+0.36 34.704+1.6 35.5+1.6 34.208+1.05 3.530 (N.S)
2.77-5.68 2.90-4.90 4.10-5.00 3.82-5.79 2.34-4.14 4.14-7.58
Total organic matter (%) 4.322+0.46 3.952+0.33 4.510+0.15 4.844+0.38 3.352+0.29 6.202+0.76 1.06
A A A A A B
380-540 540-600 130-140 1280-1400 130-160 120-132
Ca (ppm) 488+28.009 574+12.4 138+2.0 1320+20.4. 144+50.4 125.2+2.89 233.659
B B C A C A
247-453 287-407 38-70 470-500 45.3-54 500-613
Mg (ppm) 293.40+400.55 362.20+200.7 55.2 £64.1 486+60 51.46+17.20 557+180.841 79.5497
B B C A C A
2.73-4.32 3.4-5.42 1.21-1.55 10.11-15.72 1.42-1.55 6.76-9.88
Na (ppm) 3.574+0.309 3.9940+0.394 1.3040+0.063 12.358+1.0026 1.464+0.022 8.304:+0.53 1.225
B B C A C B
51-60 25-47 29-50 36-71 16-34 44.4-55.5
K (ppm) 56+2.074 32.6+3.75 41.8+3.904 57+6.253 23+3.098 50.18+2.263 24.13
A AB AB A B A
3-8 3-7 2-7 3-6 2-6 4-6
Algal number 6+0.83 5+0.83 5+0.89 5+0.63 4+0.63 5+0.25 1.75
A A A A B A

Mean+Standared Error

Capital letters refer to significant differences between the physicochemical factors and cyanobacteria species numbers for each area




Table 2 Pearson’s correlation coefficient between physicochemical factors and
cyanobacteria species numbers at P < 0.05.

Agricultural areas| Spring season
Ghammas Al_. Al-Saniya AL- Afak Al-sadeer
Factors Shamiya Daghara
Temperature C° 0.639 0.267 -0.289 0.466 -0.392 0.271
- pH 0.882 0.674 -0.027 -0.223 -0.278 0.723
e EC (us/cm) -0.273 0.257 -0.034 0.643 -0.450 -0.124
'g Salinity (%) -0.341 -0.044 -0.038 0.263 -0.225 -0.647
g Nitrate (ppm) 0.568 0.653 0.033 0.907 -0.554 -0.104
= Phosphate (ppm) -0.441 0.322 -0.139 -0.094 0.839 -0.178
5 o | Sand (%) 0.111 -0.287 0.689 0.634 -0.306 0.288
S Z Z[Silt (%) 0.305 0.184 0.797 -0.582 0311 -0.993
-g = Clay (%) -0.261 0.652 -0.264 0.496 0.066 -0.594
= Total organic matter % -0.415 0.308 0.946 -0.311 -0.595 0.037
> Ca*? (ppm) 0.171 -0.574 0.12 0.528 0.658 0.678
Mg*? (ppm -0.883 0.652 0.11 -0.132 0.152 0.437
Na* (ppm) -0.514 -0.264 -0.772 0.824 -0.326 -0.930
K* (ppm) -0.778 0.08 -0.851 0.948 -0.162 0.777

pH: The pH affects directly or indirectly the metabolic process of algae [24]. The lowest rate of pH
is 7.02 in the Ghammas, and the highest is 7.33 in Al- Saniya and Al-Sadeer (Tablel). The pH in
the current study tends to be neutral to slightly alkaline. Kaushik, 1994 remembered that pH is an
important factor that effects the growth and diversity of Cyanobacteria which was usually preferred
neutral to alkaline soil. A positive correlation between Cyanobacteria and pH was observed table 2
in most areas such as Ghammas, AL- Shamiya, and Al-Sadeer (Table 2). The results of the
statistical analysis indicated that there are no significant differences between areas in pH values, the
results of the current study are less than the results of [25, 26, 27, 28, 29] In their study on the

diversity of cyanobacteria and the physical and chemical factors of soil.

Electrical Conductivity and Salinity: The average values of electrical conductivity range between
233.8-3072 ps/cm in Afak and Al-Daghararespectively. While average values of salinity range
between 0.268-1.730 %o in Al- Saniya and Al- Daghara respectively (Table 1). It is observed
through the results of electrical conductivity salinity values there were significant differences
between areas. The results of electrical conductivity in the current study are higher than those
recorded by [30] in India and [27, 31] in China. They results also lower than the results of [32] in
India. Also, there is a negative correlation between Cyanobacteria numbers and Salinity
in Ghammas, Al- Shamiya, Al-Saniya, Afak and Al-Sadeer whereas a positive with Al-Daghara
area (Table 2) this is because salinity leads to a decrease in growth of Cyanobacteria, but its effect

on inhibition of growth varies from one species to another because species differ in morphological



and gene diversity [33]. Consequently, the distribution of Cyanobacteria in environments is not
equal, due to the ability of Cyanobacteria to adapt in the saline environment [34].

The decreasing of salinity values in the Afak may be due to the existence of the alfalfa plant
[35] refer to an inverse relationship between the concentration of salt and the growth of alfalfa
plant, which may consume the nutrients which are in the salts form. In addition, the increase of
salinity in Al-Daghara may be due to an increase of salinity in irrigation water [36]. Or it may be
due to the continuous and irregular process of adding fertilizers, this adds salts to the soil where

they accumulate due to continuous evaporation from the soil surface [37].

Nitrate: The rate of nitrate ranges between the lowest of 7.46ppm in Al- Daghara and the highest
rate of 20.04ppm in Al-Shamiya (Table 1). The results showed significant differences in the values
of nitrate among the areas, this may be due to the role of algae in the soil, or to the adding nitrogen
fertilizers [38]. A negative correlation between cyanobacteria numbers and nitrate in the Al-
Saniya, Afak, and Al-Sadeer areas whereas a positive correlation Al-Shamiya (Table 2) this is may
be due to cyanobacteria and their secretion in these areas, like polysaccharides that are produced
by Cyanobacteria, contribute the stability of soil structure, increasing levels of carbon and nitrogen
in soil, and enhanced plant growth [39]. The results of the present study are higher than those
recorded by [28, 40] in Egypt and lower than the results [30] in India in their study on the

biodiversity of algae in agricultural fields.

Phosphate: The phosphate rate ranges between 1.340-5.260 ppm in Al-Shamiya and Al-Sadeer
respectively (Table 1). Also, the results of phosphorus values showed significant differences among
the regions. This may due to adding fertilizers, and the presence of Cyanobacteria. Also, a positive
and negative correlation showed between cyanobacteria numbers and phosphate values (Table 2).
Phosphate forms in the soil determine cyanobacteria composition and their distribution [41]. Also,
some cyanobacteria contains the Phosphatase compound in a response to phosphorus deficiency in
the external environment [42]. The results of the current study do not agree with many studies
on Cyanobacteria and the physical and chemical properties of the soil such as [30] in India, [28,40]
in Egypt, [43] in Saudi Arabia, and [29] in Thailand.

Soil Texture: according to the soil particles sand, silt and clay the soil of this study classified as
silty clayey with fine texture because of the clay percentage higher than sand (Table 1). Soil texture
affects the composition and spread of Cyanobacteria, In the present study, it is observed that the
highest number of Cyanobacteria is recorded in Clay-Silty soils. This is consistent with the study of

[44, 45] it shows that the Silty-clay soil is suitable for the growth of Cyanobacteria. Cyanobacteria



highly spread in wet soils that have water retention [46]. This is confirmed by positive correlation in
most areas of study (Table 2). The results of the statistical analysis of sand and clay values indicate
that there are no significant differences among areas, while there are significant differences among
the areas in the values of the Silt. This may be due to the difference of soil separators in the study
areas, where sandy soil has low organic matter while Silty soil has high organic matter [47, 48]. The
results of the current study do not correspond to many studies about Cyanobacteria in agricultural

soils [25, 41, 49, 50] in Egypt, and [44] in Saudi Arabia.

Organic Matter: The average of organic matter ranges between 3.352-6.202% in the Afak and Al-
Sadeer respectively (Table 1). It is also observed through the results of the organic matter that there
are significant differences among the areas, it may due to the existence of plants in most of the
months of the year that helps the soil keep permanent storage of organic materials [51]. It is
observed also a positive correlation between Cyanobacteria numbers and organic matter in the Al-
Sadeer, Al-Shamiya, and Al-Saniya areas (Table 2), this may be due to the presence
of cyanobacteria in the soil and its impact on plant growth by adding organic matter to the soil, it
helps to bind soil particles and improve soil aeration and nitrogen fixation [52]. The results of this
study are disagree with the results of several studies like [53] In Pakistan, [25, 41, 54] in Egypt, [30]
in India and [29] in Thailand, and [44] in Saudi Arabia.

Calcium: The results of the statistical analysis of calcium indicate that there are significant
differences among the regions, this may due to different factors such as fertilizer, plants, algae, or
may due to dust storms that calcium compounds form from it about 40% [55], they deposited in
agricultural soils because of irrigation or other factors such as rain. The lowest rate of calcium is
125.2ppm in Al-Sadeer area (Table 1), this may due to agricultural activities. Farms are a place for
human activities including tillage, fertilizers, pesticides, and herbicides. These activities affect the
physical and chemical environment of the soil [56]. A positive correlation between calcium
and Cyanobacteria in Ghammas, Al-Saniya, Al-Daghara, Afak, and Al-Sadeer (Table 2), because
calcium is necessary for the growth of Cyanobacteria [57]. The highest rate of 1320ppm in the area
of Al-Daghara and this increase may due to the calcareous shells that belong to soil composition
and its role in increasing calcium concentration [58]. It may be a result of decomposition of
organisms in the soil because of their compositions contain a large amount of calcium [59]. The
results of the current study do not match with the results of [49, 28, 25, 60, 61] in Egypt. [30] in
India, [29] in Thailand, and [44] in Saudi Arabia in their study on soil algae in agricultural fields.



Magnesium: Magnesium results showed significant differences among areas according to the
existing plant. Where magnesium ion is one of the necessary elements for plant growth and forming
chlorophyll [62]. In addition, it is essential to the presence of algae because it composes of transport
enzymes in the phosphorylation process in cyanobacteria [63]. The lowest rate of magnesium is
51.46 ppm recorded in Afak (Table 1), It is observed a positive correlation between
Cyanobacteria numbers and Magnesium in Afak r = 0.152 (Table 2). Magnesium deficiency causes
a decrease in algal density [64]. The highest magnesium rate is 557 ppm in Al-Sadeer, this may due
to the degradation of chlorophyll in crop plants which means its liberation as one of the main
components of chlorophyll composition [58]. It is also observed a negative correlation
between Cyanobacteria and magnesium in Ghammasr = -0.883 and in Al-Dahgara r = -0.132
(Table 2), this may due to increased Cyanobacteria numbers that consume magnesium as it enters in
the structure of the chlorophyll molecule [65]. The results of the current study are higher than those
of [29] in Thailand, [49] in Egypt. This study does not agree with [28, 41, 25] in Egypt, and [26] in

India.

Sodium: The results of sodium in the present study show significant differences among the areas,
this is due to the difference in the amount of sodium that consumed by plants and algae. In addition,
it may due to different in conductivity and salinity values which are associated with sodium that is
considered one of salinity ions. The results record the lowest sodium rate of 1.3040 ppm in the Al-
Saniya area (Table 1) which may be due to consumption by plants and algae, where sodium ion is
considered a micronutrient that plants and algae need, and it is necessary for enzymatic activity
[66]. There is a negative correlation between sodium and Cyanobacteria numbers in Al-
Saniya, Ghammas, Shamiya, and Afak (Table 2). The highest sodium rate is 12.3580 ppm in Al-
Daghara (Table 1), The results of the present study are higher than those recorded by [28] in Egypt,
[26] in India, and [41] in Egypt. They are less than [25] in Egypt. While, they do not agree with [61,
60, 49] in Egypt, and [44] in Saudi Arabia.

Potassium: The results of potassium values indicate significant differences among areas because it
is found in the soil in different quantities, due to the difference in the original material and to other
factors affected it the distribution of potassium in soil [67]. The lowest rate of potassium is 23 ppm
in Afak (Table 1), this may be due to the continuous depletion of potassium by plant because it
needs a high concentration of potassium under the agriculture conditions, in addition to, and it is not
used as fertilizer. According to studies, Iraqi soils are characterized by a large storage of potassium,
but the speed of its liberation is low and does not enough to plants needs of many crops, especially

in intensive farming conditions [68]. The highest rates 57ppm in Al- Daghara (Table 1), this may be



due to the adding of chemical fertilizer, which affects the nutritional balance in the soil solution
because of the competition between potassium ions and other element ions in exchange and
absorption sites at plant roots [69]. There is also a positive correlation between potassium
and Cyanobacteria species numbers in Al-Daghara, Al-Shamiya, and Al-Sadeer (Table 2), this is
because the Cyanobacteria in the soil lead to a significant increase in the dry weight of phosphorus,
potassium, and total nitrogen [70]. The results of the present study are higher than those recorded by
[41, 28] in Egypt, [44] in Saudi Arabia. They are less than those recorded by [26] in India. While,
they do not agree with those by [30] in India, [29] in Thailand, [49, 61] in Egypt.

Cyanobacteria in soil and diversity

The soil algae is an effective in the terrestrial ecosystems through its importance to the plant, by
nitrogen fixation and have the ability to improve soil quality and fertility [71]. A number of
identified species in the current study reaches 26, they belong to 8 genera. The domination is to
the Oscillatoria sp. 50%, followed by Phormidium sp. 19.230%, followed by Chroococcus sp.,
Spirulina sp. 7.692%, and finally Gleocapsa sp. and Microcoleus sp. and Shizothrix sp. 3.864%.
Some species of Cyanobacteria recorded dominance in all areas represented by Oscillatoria acuta,
O. Laetevirens, O. tenuis, Phormidium anamala, P. pachydermiticum (Table 3). The dominance
of Oscillatoria species may be attributed to its ability to tolerate inadequate environmental
conditions and its ability to store phosphates and nitrogen [72]. The lowest number
of Cyanobacteria is 2 species in Afak (Table 1), it is also recorded the lowest value for diversity
indices Shannon and Simpson 2,350, 0.935 respectively in the same area (Table 4), this may due to
the reduction of calcium and magnesium in this region, as the lack of these elements leads to a
decrease in the number of algae in the soil (Kumar et al., 2010). This is confirmed by the positive
link relationship between the number of algae and magnesium 0.152 r = and calcium r = 0.528
in Afak (Table 2), It may due also to the fact that the roots of the alfalfa plant produce phenolic
substances that inhibit the growth of Cyanobacteria. As these compounds act in the defense of
plants by inhibiting the growth of neighboring organisms [73]. Their concentration varies in
cultivated plants depending on plant species and circumstances of plant growth [74]. The highest
number of Cyanobacteriais 8 species in Ghammas (Table 1) and the highest values of Shannon and
Simpson diversity indices was 2,685, 0.960 respectively in the same area (Table 4). It may be due to
that the previously planted in these soils are rice which considered a suitable environment for the
growth of Cyanobacteria through the providing their needs such as the appropriate temperature and
nutrients and characterized by increased soil fertility and these species providing nitrogen and
vitamins and other metabolites can increase soil fertility [75]. The values of the Shannon Index

recorded in the present study are higher than those recorded by [32, 76] in India. The results of the



statistical analysis showed significant differences between areas because of changes in
soil cyanobacteria species usually was a quantitatively, this is due to fluctuation in water

availability while the composition of species is constant [77].

Table 3. cyanobacteria spercies distribution in agriculer soil during spring period

Agriculture soil
Ghammas | Al-Shamiya | Al-Saniya | AL-Daghara Afak Al-sadeer
Cyanobacteria species

Arthrospira mass artii Kuffareth _ _ + _ _ +

Chroococcus cohaerens (Bareb) + - - - - -

C. montanus Hansgirg.

|+

Gloeocapsa Fuscolutea Nag. +

Microcolues subtorulosus (Breb) Gomont - - - -

+
n
+ |+
n

Oscillatoria acuta Bruhlet Biswas

+ |+
+ |+

O. animalis Ag.ex.Gomont

O. curviceps Ghose _ _ + _

+ |+

. foreaui Fremy

+

. formosa Bory

+ |+
1
1
1
1
1

. laete virens Biswas

|+
+|+
|+

. limosa Ag.ex.Gomont -

+

. nigroviridies Thwaites

. perornata Skuja - - +

. subbrevis Schmidle - - -

++ ]+
1
1

. tenuis Ag.ex.Gomont

. terebriformi s Ag.ex.Gomont

O| O] O|O| O| 0| 0| Ol 0|0

. willei Gardner

Phormidium Ambiguum Gomont

+ |+

P. Anomala Rao,C.B.

]
1
1
+
1

P. fragile (menegh)Gom

P. pachydermiticum Fremy

+ |+
+ |+ |+
Fl+[+]|+]+

Schizothrix Vaginata (Nag)Gomont)

+
+
+
P. Luciduis Kutz - +
+
+
+

Spirulina laxissima west ,G.S _

S. meneghiniana (zanard) Gom - - - - - +

Table 4 Shannon’s and Simpson's diversity of cyanobacteria species in agricultural soils

Agriculture lands
Ghammas Al-Shamiya Al-Saniya AL-Daghara Afak Al-sadeer

Indices

Shannon 2.685 2.548 2.359 2.565 2.350 2.658

Simpson's 0.960 0.957 0.938 0.954 0.935 0.958




Conclusions

this study showed that agricultural soil of Al Diwaniyah city/ Iraq has cyanobacteria species
diversity, were registered 26 species, the dominant species of cyanobacteria was Oscillatoria with
percentage 50%, followed by Phormidium 19.230%, then Chroococcus and Spirulina 7.692%,
Finally, Gleocapsa, Microcoleus, and Shizothrixreach to 3.864%. The diversity
of cyanobacteria species was affected by physiochemical factors were found positively correlated
between them. Shannon and Simpson's diversity indices of cyanobacteria recorded highest values
in Ghammas area and the lowest in the Afak area that richness of species in these areas was affected

by crop cultivation.

Acknowledgements

The authors are grateful to the Head of the Department of Biology, College of Education,
University of Al-Qadisiyah, Assist. Prof. Ahmed J. Hassan for providing necessary laboratory
facilities and treatment the data of this study statistically by SPSS program.

References

1. Bot A, Benites J. The importance of soil organic matter: key to drought-resistant soil and
sustained food production. Food & Agriculture Org.; 2005.

2. Fischer WW. Biogeochemistry: life before the rise of oxygen. Nature. 2008 Oct 23;
455(7216):1051-2.

3. Kirrolia A, Bishnoi NR, Singh R. Effect of shaking, incubation temperature, salinity and
media composition on growth traits of green microalgae Chlorococcum sp. J Algal Biom
Utlzn. 2012; 3:46-53.

4. Whitton BA. Introduction to the Cyanobacteria—in Whitton BA & Potts M.(eds.): The
Ecology of Cyanobacteria.2000.

5. Mitsui A, Kumazawa S, Takahashi A, lkemoto H, Cao S, Arai T. Strategy by which
nitrogen-fixing unicellular cyanobacteria grow photoautotrophically. Nature. 1986 Oct 23;
323(6090):720-2.

6. Song T, Martensson L, Eriksson T, Zheng W, Rasmussen U. Biodiversity and seasonal
variation of the cyanobacterial assemblage in a rice paddy field in Fujian, China. FEMS
Microbiology Ecology. 2005 Sep 1;54(1):131-40.

7. Rodriguez AA, Stella AM, Storni MM, Zulpa G, Zaccaro MC. Effects of cyanobacterial
extracellular products and gibberellic acid on salinity tolerance in Oryza sativa L. Saline
Systems. 2006 Jun 6;2(1):7.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Wilson LT. Cyanobacteria: a potential nitrogen source in rice fields. Texas Rice.
2006;6(9):e10.

Roger PA, Reynaud PA. Free-living blue-green algae in tropical soils. Microbiology of
tropical soils and plant productivity, Martinus Nijhoff Publisher, La Hague. 1982 Nov
30:147-68.

Ladha JK, Reddy PM. Nitrogen fixation in rice systems: state of knowledge and future
prospects. Plant and soil. 2003 May 1;252(1):151-67.

Gupta PK. ,,Soil, Plant, Water and fertilizer Analysis“, Agrobios India. Jodhpur, India.
2006.

Mackereth FJ, Heron J, Talling JF, Freshwater Biological Association.1978 Water analysis:
some revised methods for limnologists.

Keeney DR, Nelson D. Nitrogen—inorganic forms. Methods of soil analysis. Part 2.
Chemical and microbiological properties. 1982 Jan(methodsofsoilan2):643-98.

Bray RH, Kurtz LT. Determination of total, organic, and available forms of phosphorus in
soils. Soil science. 1945 Jan 1;59(1):39-46.

Baker DE, Suhr NH. Atomic absorption and flame emission spectrometry. Methods of soil
analysis. Part 2. Chemical and microbiological properties. 1982 Jan(methodsofsoilan2):13-
27.

Nathan MV, Stecker JA, Sun U. Soil testing in Missouri: A guide for conducting soil tests in
Missouri.2012.

Moss B. The estimation of numbers and pigment content in epipelic algal populations.
Limnology and Oceanography. 1966 Apr 1;11(4):584-95.

Prescott GW. Algae of Western Great Lake Area, William, C. Brown Co. Publ., Dubuque,
1982.

Desikachary TV. Cynophyta, Indian Council of Agriculture Research, New Delhi, 1959,
686 p.

Shannon CE, Weaver W. The mathematical theory of communication. Urbana, Ill. Univ.
Illinois Press. 1949;1:17.

Simpson EH. Measurement of diversity. Nature. 1949.

Khadim NF. Algae diversity and its relation to some physical and chemical properties of the
Hilla River. Master Thesis. Faculty of Science - University of Babylon.2005.

Robarts RD, Zohary T. Temperature effects on photosynthetic capacity, respiration, and
growth rates of bloom-forming cyanobacteria. New Zealand Journal of Marine and
Freshwater Research. 1987 Sep 1;21(3):391-9.

Becker EW. Development of Spirulina research in a developing contry: India. Bulletin de
I'Institut océanographique. 1993:141-55.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Salem SH, EL-Zamik FI, El-Basit HM, El-All AA, Ali AS. Isolation and identification of
some indigenous cyanoprokaryota isolates based on morphological and physiological
characterizations. Egyptian J. of Phycol. Vol. 2011;12(14).

Srivastava AK, Bhargava P, Kumar A, Rai LC, Neilan BA. Molecular characterization and
the effect of salinity on cyanobacterial diversity in the rice fields of Eastern Uttar Pradesh,
India. Saline systems. 2009 Apr 6;5(1):4.

Singh SS, Kunui K, Minj RA, Singh P. Diversity and distribution pattern analysis of
cyanobacteria isolated from paddy fields of Chhattisgarh, India. Journal of Asia-Pacific
Biodiversity. 2014 Dec 30;7(4):462-70.

Shanab SM. Algal flora of ain helwan i. algae of the worm spring. Egyptian J. of Phycol.
Vol. 2006;7:2.

Chunleuchanon S, Sooksawang A, Teaumroong N, Boonkerd N. Diversity of nitrogen-
fixing cyanobacteria under various ecosystems of Thailand: population dynamics as affected
by environmental factors. World Journal of Microbiology and Biotechnology. 2003 Mar
1;19(2):167-73.

Jain N. Divarsity of blue-green algae and study on related physic-chemical parmeters of
paddy fields of chhatarpur district of madhy Pradesh. International Journal of research and
development in pharmacy and life scince. 2015. 4(2):1456-1462.

Lin CS, Chou TL, Wu JT. Biodiversity of soil algae in the farmlands of mid-Taiwan.
Botanical Studies. 2013 Dec 1;54(1):41.

Prasanna SN. Soil pH and its role in cyanobacterial abundance and diversity in rice field
soils. Applied Ecology and Environmental Research. 2007;5(2):103-13.

Stal LJ. Cyanobacteria: Diversity and versatility, clues to life in extreme environment. In
Algae and Cyanobacteria in Extreme Environment. . In Algae and Cyanobacteria in Extreme
Environment Edited by: Seckbach J. The Netherlands: Springer; 2007. pp 659-680.

Rejmankova E, Komarek J, Komarkova J. Cyanobacteria—a neglected component of
biodiversity: patterns of species diversity in inland marshes of northern Belize (Central
America). Diversity and Distributions. 2004 May 1; 10(3):189-99.

Magistad OC, Christiansen JE. Saline soils: their nature and management. US Dept. of
Agriculture; 1944.

Al-Watifi MS. Effect of salicylic acid spray and irrigation water salinity on growth and yield
of wheat in different soils. Master Thesis, Faculty of Agriculture, University of Babylon.
2014.

Hamad AA, Salman, IM. Study of the ideology of some characteristics Physicochemistry of
Bani Hassan Water Table and its relationship with bacterial pollution level, Sth International
Conference on Environmental Sciences, Babel University, Environmental Research Center,
2013. 3-5 December.



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Al-Husseini AO, Hamoud AH, Abdulla WA, Zamil, HH. Reduction of Phosphate and
Nitrate in Synthetic and Waste Water Using Scendesmus quadricauda Algal. "Journal of
Biotechnology Research 2012 (1) 6, 50-42.

Foth, H.D .(). Fundamentals of Soil Science, 8th ed. John Wiley, New York. Fujian, China.
FEMS Microbiol Ecol 1990, 54:131-140.

Osman ME, EL-Naggar A. Omar HH, Esmal GH. Distruibution of different soil algal taxa in
relation to physic-chemical chara cteristice of soil at gharbia governorate. Egyptian J. of
phycol. 2003. 4(1):38-54.

Lindsay WL, De Ment JD. Effectiveness of some iron phosphates as sources of phosphorus
for plants. Plant and Soil. 1961 Apr 1;14(2):118-26.

Bhaya D, Schwarz R, Grossman AR. Molecular responses to environmental stress. InThe
ecology of cyanobacteria 2000 (pp. 397-442). Springer Netherlands.

Arif TA, El-Syed AM. Edaphic properties and soil cyanobacteria of South Western Saudi
Arabia.Qatar univ.Sci.J. 199717(2):281-291.

Salama AM, Kobbia IA. Studies on the algal flora of Egyptian soils. II Different sites of a
sector in the Libyan Desert. Egypt. J. Bot. 1982; 25: 139-58.

Kobbia IA, Shabana EF. Studies on the soil algal flora of Egyptian Bahariya Oasis. Egypt. J.
Bot. 1988;31(1-3):23.

Darley WM, Darley WM. Algal biology: a physiological approach. 1982., Black Well
Scientific Publications, Oxford, 168pp.

AL-Sabah BJ. The distribution of some heavy elements within the metal and organic
segregation of some of the deposits of the Tigris River in southern Iraq. 2009. 22, 2: 132-
141.

Al-Husseini LR. Environmental study of soil contamination with some heavy elements and
bacterial pathogenic groups in Babil Governorate, Iraq. Master Thesis, Faculty of
Agriculture, Babel University. 2014.

Salah El Din RA, El-Gamel AD, El FM. Effect of different chemical compounds on the
growth of two soil algal species nostoc humifusum and oscillatoria earlei. Egyptian J. of
Phycol. Vol. 2004;5(120).

Fathi AA, Zaki FT. PRELIMINARY SURVEY OF EDAPHIC ALGAE IN EL-MINIA
REGION, NILE VALLEY, EGYPT. Egyptian J. of Phycol. Vol. 2003; 4:2.

Ali SH. Hydrology of the Tigris River Basin in Iraq. PhD thesis, University of Baghdad.
1981.

Lewin RA. The use of algae as soil conditioners. Centros de Investigacion de Baha
California, Scripps Institution of Oceanography Transactions. 1977;3:33-5.



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Hussain F, Masud SS, Shah F, Hadi F, Zaman A, Wazir SM. Some blue green algae from
rice fields of Asota Sharif District Swabi, Pakistan. Pak. J. P1. Sci. 2009;15(1):45-57.

Abdelhamed MS. Survey of soil algae flora of somecultivated soils in beni suef, Egypt.
Egyptian J. phycol. 2006.7(1).

APHA, American Public Health Association, Standard methods for the examination of
water and wastewater. American Public Health Association., 2003.

Lind OT. Handbook of common methods in limnology. The CV Mosley Company; 1979.

Allen MB, Arnon DI. Studies on nitrogen-fixing blue-green algae. I. Growth and nitrogen
fixation by Anabaena cylindrica Lemm. Plant Physiology. 1955 Jul;30(4):366.Zubaidi AM.
Environmental study on algae (phytoplankton) for some areas of the marshes near Qurna -
southern Iraq. Master Thesis, Basrah University, Faculty of Science. 1985.

Zubaidi HA. Effect of the remnants of the Diwaniyah textile plant on the quality of water
and sediments of the Diwaniyah River - Iraq. Master Thesis. Faculty of Science - University
of Qadisiyah. 2012.

Wurts WA, Masser MP. Liming ponds for aquaculture. Southern Regional Aquaculture
Center; 2004 Aug.

Shahata EF. Studies on Soil algae isolated from different areas in Kafr EL-Shikh
Governorate and the Potential of some isolated Cyanobacteria in salt affected Soils.Thesis
submitted inpartial Fulfillment for the degree of Master science in plant
Micobiology(Applied phycology).2006.

El-Gamal AD, Ghanem NA, El-Ayouty EY, Shehata EF. Studies on soil algal flora in Kafr
El-Sheikh Governorate, Egypt. Egyptian J. of Phycol. Vol. 2008;9(2).

Abawi SA, Hasan MS. Practical Engineering of the Environment, i 1, Water Testing. ,
University of Mosul, Iraq. 1990.

Wetzel RG. Limnology: Lake and River Ecosystems (3rdedn.) Academi c Press. San Diego.
2001.

Kumar A, Bisht BS, Joshi VD, Singh AK, Talwar A. Physical, chemical and bacteriological
study of water from rivers of Uttarakhand. Journal of Human Ecology. 2010 Dec;32(3):169-
73.

Hamdaoui AO. Primary productivity and the environmental factors affecting it in the
Daghara River. Master Thesis - Faculty of Education, University of Qadisiyah. 2009.

Goldman CR, Horne AJ. Limnology. McGraw-Hill, Inc. Japan. 1983. 464 pp.

Awad KM. Scientific tests for fertilizers and soil fertility. Faculty of Agriculture -
University of Basra. 1984.

Al-Rubaie BM. Status and behavior of potassium in soils used in rice cultivation. PhD
thesis, Faculty of Agriculture, University of Baghdad. 1988.



69. Aboudahi YM, AL-younis MA. Directory of Plant Nutrition, Ministry of Higher Education
and Scientific Research. University of Baghdad PO Box: 411. 1988.

70. Abd-Alla MH, Mahmoud AL, Issa AA. Cyanobacterial biofertilizer improved growth of
wheat. Phyton. 1994 Jan 1;34:11-8.

71. Hollerbach MM, Stina EA. Po&vennyje vodorosil. [Soil algae] Nauka, Leningrad: 1969.
228.

72. Okechukwu I. Cyanobacteria abundance and its relationship to water quality in the Mid-
Cross River floodplain, Nigeria. Revista de biologia tropical. 2009 Jun;57(1-2):33-43.

73. Dixon RA, Strack D. Phytochemistry meets genome analysis, and beyond Phytochemistry,
2003. 62: 815-816.

74. Cesco S, Neumann G, Tomasi N, Pinton R, Weisskopf L. Release of plant-borne flavonoids
into the rhizosphere and their role in plant nutrition. Plant and Soil. 2010 Apr 1;329(1-2):1-
25.

75. Kondo M, Yasuda M. Seasonal changes in N2 fixation activity and N enrichment in paddy
soils as affected by soil management in the northern area of Japan. Japan Agricultural
Research Quarterly: JARQ. 2003 Apr 30;37(2):105-11.

76. Ahad RA, Rhukan T, Syiem MB. Random sampling of cyanobacterial diversity from five
location within eastern Himalayan Biodiversity hot spot. Int. J. Adv. Res. Biol. Sci.
2015.2(9):20-29.

77. Metting B. The systematics and ecology of soil algae. The Botanical Review. 1981 Apr
1;47(2):195-312.



