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Anbar. Tests and measurements made in the
Microbiology Laboratory at the College of Agriculture,
University of Anbar. Department of Soil Sciences and
water Resources, in order to isolate bio-fertilizers and test
isolates fixing nitrogen in atmosphere and solvents for
phosphorous compounds efficiency. The experiment
included isolating and diagnosis of bacteria from
rhizosphere soils of different plants that were brought
from different agricultural areas, 74 isolates obtained by
soils alleviation, and then the bio-chemical morphological
and microscopic characteristics of these soils studied. The
results showed that the most abundant and frequent
isolates were Azotobacter 15 isolates, Bacillus 15 isolates,
Pseudomonas 11 isolates, and Azosperillium 10 isolates
and Actinomycetes 10 isolates. Nitrifying bacteria of both
geneas Nitrosomonas 7 isolates and Nitrobacter 6 isolates
were existed while the numbers of bacteria Azotobacter
and Bacillus which fixing Nitrogen in free form and
solvent phosphate compounds in the soil are exsist in the
soil of the rhizosphere of different plants used in research
in agricultural fields. The highest biodiversity rate of
isolates was found in Fallujah Nuaimia field in 12
hectares, which pepper planted, with an average of 11
isolates and the lowest rate was 2 isolates in the soil of
Heet Basayer field were palms planted in an area of 5
hectares. Chemical and physical Features as well as some

44


mailto:saj20g2004@uoanbar.edu.iq
http://www.ajas.uoanbar.edu.iq/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

ISSN: 1992-7479 E-ISSN: 2617-6211 2023 1 ssall 21 Alaa Ll aghall L) Alaa

heavy elements were estimated elements. Also the
concentrations of each site that the samples were taken
were estimated. Obtained in the laboratory of the College
of Life Sciences at the University of Baghdad. The most
important results were the estimated elements were in
normal and allowed average except a little increase in
zinc concentration 90 mg kg 1 in Sofia field, 7 hectares,
were Jet planted, and the concentration of lead was 24.3
mg kg - 1 in Abu Ghraib Nibras field of 80 hectares,
which planted with wheat.

Keywords: Biological fertilizers, Heavy Elements, Sustainable Agriculture,
Microbial Diversity, Rhizosphere, Pollution.

Joia gand (& dduid] Guladl Lakidsg diguall Gibuadl| 3929 Of S sankdl
sl Wiy p | 413
S llae olan 2o Ao Al *598 AA
LY daals _ de )3l AnlS

2@l cgalayl) LV daals cdel)3N AAS AL Slsalls Al asle acd (5908 AllA awe 1) Adulyall®
$aj2092004 @uoanbar.edu.iq : g A1) )

Ladal)
SVl e gl e Ailide 3hlie (3 gdse 14 e il (o iliall Glag @l Gllee Cujal
Dlsally Ll asle and HLY) daals de)y 3l LIS 3 pgaall el ide b clubilly bl cupaly
gidll LS5l Ayially (gsall eyl Al el 3S sy Ageall loemdall Jyad Aiilal
Gy hlia (o Culs all dilie GBS sigil G 0e LA Gaidiy Jie Aol Ciiess
Lo galll Cliall cisry @il odgl Cadlas dae DA e e T4 o Jganl) o3 3 cdibig
Calullly alie 15 5SLgg N1 o LS5y aals cel) 580 o) il iy g D pgaally danglshsally
Aol LS sl calie 10 cannlesis€¥s alie 10 - albbipui¥ls il 11 Guligeguadly die 15
hiall Gaeldly jSLsg V) LS sl o) 3 de 6 Sy allly e T Gegagen il Loy
Aaha ) Ll gl A b Bhs aalsm A b Cliesill LSl Luily B ojpemy cumg il
daslh Jin 8 CWhall (goall gonll Jae ol any  Aalsivndll L)}l Joiall 8 Cnd) (3 deriiondl
o Jin A Al 2 AL Jsee O L e 11 Jsnes Uil e g )50 508 12 dalios duased
pan ol Lbeslly bl pailadll (ae cpd L USe 5 daleasy JAdll deg el b
osle LIS 5ita b il e Jpemslly Gl il i 8] gga JS) 315 A jmay ALt jealial

45


mailto:saj20g2004@uoanbar.edu.iq

ISSN: 1992-7479 E-ISSN: 2617-6211 2023 1 20l 21 alaa dae 3l asbell JLs¥) dlaa
4 zoaally anhall (i) Gada il Baall jualiall poes bl ool CilSy ok dasls B BLal)
raie S5 el G goyiall SIS 7 ddgiall dia 1028 a2le 90 clill 5 dann o W)l lae

il deg)jes JUSa 80 e s Jin B 1- aaS aake 24.3 (ol

Introduction

The Rhizosphere area in the soil is the area affected by the roots of plants, which is
what we call the Rhizosphere. Also, in this area, the microbe’s numbers change in
quantity and quality by the presence of plant roots as a result of the influence of these
microbes on the vital processes of the plant. The size of this area varies due to the
type of plant and the nature of the plant root its size, its type, wedge, or capillary (6).
indicates the presence of a dense community of microbes surrounding the roots, and
on the surfaces of their external tissues and bristles. That bacteria spread in the form
of chains and combinations, and it unlike other micro species affected by the root
area and its numbers multiply in the soil which lies adjacent to Rhizoplane (11). The
Scalar density of root microbes and the most microbe’s combinations which respond
clearly to the existence of plants in Cultivated or uncultivated soil (soil-free root)
were in order: cells/gram of dry soil): Bacteria (2.1 x 10 ° x 10 ®): bacterial arc (10 ° x
109).

And he said that any material or energy in a natural environment that exists in its
Abnormal quality, quantity, state or in the wrong place and time may harm living
organisms or humans (6). Heavy metals: called toxic metals (Cd, Co, Cr. Cu, Fe, Hg.
Mn. Mo, Ni, Pb. Zn) (8). Some of these Metals play an important role in the life of
living things and their various biological activities. Iron has importance in the
synthesis of blood and enzymes. Manganese, zinc, and copper are enzymatic
catalysts. The danger of these Metals increases in the environment because of the
inability to analyze them by bacteria and other natural processes, as well as their
stability, which enables them to spread too far places from their origin or sources, and
perhaps the most dangerous thing about it is its ability to bioaccumulation in the
tissues and organs of living organisms in the water or land environment.

Microbial vaccines used in agricultural management practices can return the soil to its
normal state (9). Despite treating soil microbes to improve crop productivity is an
ancient practice, it is still undetected, especially concerning mechanistic studies of
plant and microbe interactions and microbial persistence in heterogeneous
communities in diverse locations, soils, and hosts13 (1).

The process of monitoring biomass and increasing the useful bacterial diversity in the
soil environment has become very important, especially with the wrong and
unjustified conditions in agricultural uses that harm soil health and lead to its
deterioration and its exit from the agricultural sector. So, this study is a preliminary
indicator for assessing the state of biomass in the most important agricultural sectors,
the extent of their activity, and the variance of this will determine the reasons for the
deterioration or success, which will allow the decision maker to act to treat the defect
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and repair the vital system to maintain a safe and free pollution product. Agricultural
lands show a high level of spatial contrast, including the contrast in chemical physics,
soil properties, and agroecosystem management (1 and 10), which can influence the
activity and The composition of organisms in the soil (4 and 12). Soil is a very
complex system in which plants and microorganisms cooperate to obtain sources of
water and nutrients and these forms of life cooperate along with soil to create
constantly changing conditions (4). Microbial biomass is the basis and is the living
part of soil organic material which is responsible for maintaining and improving soil
quality (2). Heavy metals have an important role in the metabolic processes of living
organisms, some are necessary as micronutrients such as cobalt, nickel, iron,
chromium, and zinc (12), as they enter the reduction processes to stabilize molecules,
and they work as catalysts in enzymatic reactions and osmotic balance regulation.
Cadmium Mercury and lead have no vital role for living organisms, and they are
considered harmful even in their low concentrations. In general, the concentrations of
necessary and non-essential metals become toxic if they exist in low concentrations
(11) This study aims to present results in this study, measuring the concentration and
distribution of some heavy metals like cadmium, cobalt, lead, copper, and iron, as
well as evaluating some of the biological, physical, and chemical properties of some
agricultural fields in Anbar Governorate and their impact on bio -fertilizers.

Materials and Methods

Soil samples were collected root soil from different sites of agricultural fields in Al-
Anbar planted with different crops (pepper, beans, alfalfa, barley, vegetables, tomato,
wheat, and potatoes) and distributed in Fallujah. Ramadi, Muhammadi, Sufia,
Khalidiyah, Saglawiyah, Heet, and Abo-Ghraib to isolate Phosphate solvent and
nitrogen fixer bacteria. The weight of the sample is 0.5-1.0 kg. The soil took from a
depth of 2-20 cm from the soil surface after removing 2 cm from the surface. Soil
samples were taken with a sterile tools, the soil was placed in sterile plastic bags, and
information was recorded on it, and then transferred to the laboratory. The process of
collecting samples lasts for 7 months from September 2021 to March 2022. Soil
samples are placed at 4 ° C (In the refrigerator) until the isolation process starts. The
process of isolating phosphate-dissolving bacteria is made by using decimal dilution
and dish pouring technique (6), Pouring 1 ml of these dilutions into sterile Petri
dishes into sterilize medium (5) at 121 ° C and 1.5- and in medium pressure for 15
minutes and then the dishes incubate at a temperature of 28 + 2 for 72 hours in the
incubator and to identify the phosphate - dissolving bacterial colonies which could be
distinguished because it forms clear aura around it colonies as an indication to the
dissolution of the formed phosphate precipitate (4) and the diameters of the
transparent aura recorded.

Nitrogen-fixing isolates were isolated on a NFB medium, and the nitrogen-fixing
colonies color yellow and isolates on Picoviskya medium and Macconkey phosphate—
solubilizing bacteria isolates and stevnson medium Nitrosmonas and Nitrobacter
bacteria isolates (7). The isolates were selected for colonies to dissolute phosphate
compounds according to solubility diameter and they recultivated on Slant Nutrient
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Agar to reuse in subsequent experiments. The isolated bacteria were identified in the
Center of Food and Biotechnology and the Laboratories of the Ministry of Science
and Technology (15). The tests included the characteristics of the culture.
microscopic examinations and biochemical tests.

lons of lead (Pb), cadmium (Cd), copper (Cu), iron (Fe), zinc (Zn), manganese (Mn),
and nickel (Ni) were extracted according to the method (10). after good mixing and
removing the stuck material and then grind with a ceramic mortar and passed through
a sieve with a diameter of 64 microns, after then 2 g of each dry sample was weighed
and placed in a Teflon beaker of 50 ml, and 85 ml of HCI and HNO3 and then heated
on a glass plate at 27 C. 4 ml of concentrated hydrofluoric and pyrochloric added and
then evaporated till dryness, then separated by a centrifuge at a speed of (3000)
cycles/min for 30 minutes. Then it was measured by FAAS (absorption atomic flame
spectrophotometer) and examined according to (11). Some physical and chemical
properties of soil are also estimated, including pH, electrical conductivity,
phosphorous, nitrates, carbonates, and bicarbonates in the soil (13).

Results and Discussion

It was found that the soils selected from fields that were cultivated continuously for
33 to 25 years were characterized by a high average content of bacteria, ranging
between 1.0 x 10° and 4.8 x 107 forming a colony of 1 gm of soil for the two sites of
Al Buwaitha field and Al Sufia field in order. Those soils varied in the numbers and
genera of the dominant bacteria (Table 1), as it found that the content of soluble
bacteria of phosphate compounds was at a rate between low and medium it was 3.1 x
102 and 4.9 x 10% units of the colony and 1 gm soil - for two sites Saglawiyah, the
site which cultivated with palms and Abu Ghraib, Omar farm which cultivated with
alfalfa crop, in order. The soil content of Nitrogen - fixing bacteria varies, as the
lowest rate was 6.3 x 10 2 and the highest rate was 5.2 x 10* colony forming units’
gm soil* for the two sites of Fallujah Al Nuaimiya which is cultivated with pepper
crop and Fallujah Amriya field which cultivated with alfalfa crop.

The results after isolation and test showed the type of isolates obtained from the soil
and after microscopic diagnosis and the results of biochemical PCR tests found in
Table 2, it was possible to obtain 74 different isolates of biofertilizers and 15 isolates
of Azotobacter bacteria that were considered nitrogen free fixer in the soil, and 15
isolates of Bacillus bacteria that solvent of phosphate compounds in the soil, then
comes Pseudomonas bacteria that dissolve phosphate compounds and biodegrade
organic compounds at 11 and 10 isolates each of Streptomycetes that dissolve organic
compounds and produces antibiotics and azosperlimes accompanying to the roots of
plants and Nitrogen freely fixing while it found that the bacteria of Nitrogen exists in
7 isolates of Nitrosomycetes bacteria and 6 isolates of Nitrobacter bacteria.

It was also found that the Fallujah Al Nuaimiya field with an area of 12 hectares
cultivated mostly pepper crop, and samples took on 20-10-2021, from which the
highest rate of biodiversity from biofertilizers isolated reaching 11 isolates, followed
by 8 isolates from Abu Ghraib fields, Nibras farm, with an area of 80 hectares
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cultivated with wheat, and samples took on 15-12-2021, then Fallujah Al-Rahhaliyah
field with an area of 40 hectares cultivated with Alfalfa, and samples took in 3-1-
2022, it found that the lowest average of diversity was 2 or 3 to each isolation to
Bassaer fields with 5 hectares cultivated with palm trees. And Fallujah Al
Muhammadi with 22 hectares cultivated with palm trees and alfalfa.

It found that the nature and density of the dominant plants play role in certain species
and types of bacteria dominance, in addition to that all environmental factors also
affected the numbers and types of bacteria in the soil. Studies made on different types
of soils and in different environmental conditions showed a dominance of some
bacterial genera that can grow on culture media, unlike others that cannot endure
these conditions. All soils may contain autotrophic bacteria and other contains
organic bacteria, spore-forming, and non-forming bacteria, and also there is cellulose
dissolving, sulfur-oxidizing, nitrogen-fixing, or reducing nitrate, sulfate, and ferric
bacteria. According to obtained results, it can be observed the effect of the roots on t
microbes of the root area, and there is a response of many microbes to root secretions
more than they respond to the dead or decomposing plant tissues which contributes to
the increase of the microbial community. It found that there is a decrease in microbe
numbers in roots of corpus areas at the end of plant season in the last levels of
growing levels (maturity stage) that means at the end of the season and this may have
happened due to the rapid decomposition of materials and the consumption of
carbohydrates, which results in a decrease in the number of microbes. Also, the
spread of microbes in the root area differs according to the types of cultivated plants,
and such differences are due to several factors such as the nature of the roots, their
tissue composition, and the secretions produced by them (12).

Table 1 Number of totals and Dissolve bacteria of phosphate and nitrogen-fixing
for each site (colony forming unit 1gm to soil).

Microbial Number of Number Corps Size Date
Location density soluble of Type with  (Hectare)  of sample
bacteria of p nitrogen- sample collecting
compositions fixing
bacteria
Al-Buwaitha 510x1.0 510x1.0 410x4.5 Alfalfa 7 10-11-2021
Al-Ramadi , Al- 710%x4.8 710%x4.8 310x3.1 Eggplant 4 12-10-2021
Sufia
Abu-Gharib 610%2,0 ©10%2,0 310%3.2 Wheat 80 15-12-2021
Nebras farm
Abu-Gharib omar 710x2.4 710%x2.4 310x8.8 Alfalfa 7 15-11-2021
farm
Abu-Gharib 510x2.2 510x2.2 310x4.2 Bean 7 1-10-2021
Kasim farm
Abu-Gharib farm 710%2.5 710%2.5 410x4.8 Vegetables 7 22-12-2021
4
Amiriyah Fallujah ©10x1.5 610x1.5 410x5.2 Alfalfa 20 28-12-2021
1
Amiriyah Fallujah 510x6.7 510x6.7 210x3.9 Potatoes 30 15-11-2021
2
Fallujah 710x4.5 710x4.5 210%6.3 Pepper 12 20-10-2021
ALNuaimya
Fallujah £10x2.0 ©10x2.0 410x3.2 alfalfa 40 1-3-2022
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ALRahaliah
Al-Saqglawiyah ©10x2.3 ©10x2.3 310x4.8 Palm trees 40 9-10-2021
Fallujah 310 x3.5 310 %3.5 310%x4.3 alfalfa, 22 18-2-2021
Al-Muhammadi palm trees
Heet Bassaer 1 610x 2.2 610x 2.2 310x5.2 Palm trees 5 8-1-2022
Heet Bassaer 2 310 x5.1 310 x5.1 310x3.6 citrus 4 8-3-2022

The results showed that the study of heavy metals in 14 sites differed when the
cultivated field crops change of differing and with different environmental conditions
and usage. It becomes clear that the highest concentration of zinc was 90.0 mg kg in
the Al-Sufia area for eggplant in Al-Anbar Governorate and the lowest concentration
is 8.2 mg kg for alfalfa crop in The Abu Ghraib area. The concentration for lead is
24.3 mg kg for the wheat crop in Abu Ghraib area, and the lowest concentration is
10.8 mg kg* for the Alfalfa crop in the Amriyat Al-Fallujah area. The highest
concentration of copper was 12.9 mg kg™ for the eggplant crop in Sufia in Ramadi
and the lowest concentration is 5.7 mg kg for palm corps in Heet. The highest
concentration of manganese is 302.4 mg kg for the wheat crop in Abu Ghraib
Nebras, and the lowest concentration is 151.2 mg kg “* for the alfalfa and alfalfa crops
in Abu Ghraib Omar and Amriyat Al-Fallujah. The highest concentration of Nickel is
7.5 For the wheat crop in Abu Ghraib, the lowest concentration was 1.7 mg kg for
the Alfalfa crop in Amriyat Al-Fallujah. Cobalt's highest concentration is 2.9 mg kg™
for the potato crop in the Fallujah Amiriyah, and its lowest concentration is 0.87 mg
kg for citruses in the Heet Bassaer area. The Cadmium highest concentration is 0.22
mg kg * for palm crops in Saglawiyah and the lowest concentration is 0.05 mg kg™
for Alfalfa crop in Al-Buwaitha in Al-Ramadi and Amriyat Al-Fallujah. In the table
3. The results of the statistical analysis showed that there are no significant
differences between the averages.

This does not mean that these percentages are fixed in the soils, and air pollution in
these elements, throwing liquid wastes for industrial activities, or excessive use of
chemical fertilizers and pesticides may cause an increase in the percentages of these
elements. This requires land control and periodic and continuous inspection at regular
periods.

Table 2 Isolations obtained after isolate and diagnosis from the site where
samples were taken.

> 2 2 z Z p
. B [®] @ @ W = =
S S 2 g 3 8 3 s o
i) S T = 3 2. 2 o =1
3 & = S < = 5 8 =
= g c 2 @ v 2 @
Al-Buwaitha 1 1 2 1 5
Al-Ramadi 1 3 4
, Al-sufia
Abu-Gharib Nebras farm 1 1 1 1 2 2 8
Abu-Gharib omar farm 1 1 1 2 1 6
Abu-Gharib Kasim farm 1 1 1 1 1 5
Abu-Gharib farm 4 1 1 1 1 4
Amiriyah Fallujah 1 1 1 1 3
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Amiriyah Fallujah 2 1 1 1 1 4
Fallujah ALNuaimya 1 1 3 2 2 2 11
Fallujah ALRahaliah 1 5 2 8
Al-Saglawiyah 1 1 2 4
Fallujah Al-Muhammadi 1 2 3
Heet Bassaer 1 1 1 2
Heet bass air 2 1 2 1 4

15 10 11 10 15 7 6 74

Table 3 Study of heavy metals for sites from where soil samples taken.

Location  Zn ppm Pb ppm Cu ppm Mn ppm Ni ppm Co ppm Cd ppm

Al 12.2 18.9 12.9 265.8 14.4 2.4 0.05
A2 17.0 24.3 17.7 302.4 18.5 35 0.07
A3 12.4 16.2 14.3 275.6 15.6 2.9 0.1
Ad 8.2 16.1 7.2 151.2 5.0 1.3 0.06
A5 9.2 16.3 12.6 271.2 12.1 25 0.15
A6 9.2 10.8 6.9 151.2 47 0.87 0.05
A7 111.0 18.9 19.1 198.7 1.7 1.16 0.1
A8 20.7 18.8 16.6 254.9 15.3 2.0 0.2
A9 10.0 13.5 9.4 186.3 8.0 1.0 0.11
A10 14.6 18.9 13.7 272.7 12.0 2.04 0.22
All 13.5 16.2 10.3 213.4 10.5 1.45 0.15
Al2 9.6 16.1 5.7 177.6 7.1 1.16 0.17
Al3 10.9 16.0 6.6 152.0 6.1 0.87 0.12
Al4 13.4 135 8.9 244.0 7.9 1.0 0.09
LSD 3.482 * 4.07 * 3.95* 42.17 * 5.33* 0.882 * 0.113 *
value
* (P< 0.05).

The results were compared according to parameters approved by the World Health
Organization. The results matched permissible limits, except for cobalt and nickel.
And it showed that there is a significant bond between cobalt and nickel
concentration and its relationship to the presence of soil microorganisms and their
numbers in the soil, cause any increase or decrease of cobalt and Nickel
concentration, the microorganisms increase and decrease and thus affect its activity
and numbers in the soil and that also effect on the plant. The result showed that any
increase or decrease in cadmium, copper, manganese, lead, and zinc concentration the
results showed that the increase and decrease in zinc, cadmium, copper, lead, and
manganese do not affect the number and activity of vital fertilizers in the soil and
therefore does not affect the numbers of bacteria and nutrients in the soil of the plant.

Some physical and chemical characteristics of soil samples (14 sites) were studied, as
it included selected areas of Abu Ghraib, Al-Fallujah, Al-Ramadi and Heet. They
included soil texture, electrical conductivity, soil interaction degree, and the
percentage of organic material in physical and chemical properties. The results
showed that there are no observed differences between fields, Except the increase in
electrical conductivity to reach 7.42 ds m™ in the field of Amriyat Al-Fallujah 1
cultivated with alfalfa to treat salinity and the high pH value in two sites, Saglawiyah
and Fallujah Al-Muhammadi which reached to 8.3 which are soils with a gypsum rate
of 18.4% and cultivated palm and Alfalfa and mixing Alfalfa with palms. As for the
organic material percentage, the highest value for Abu Ghraib 4 field, which is
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cultivated with vegetables and fertilized with poultry field residues is 2.75%,
followed by the soil of the Saqlawiyah site which is cultivated with palms and alfalfas
and its percentage was 2.01%, while the lowest percentage of organic material in the
field of Heet Bassaer which cultivated with palms was only 1.03%. The soil texture
in the fields was similar in content to dust and clay and tended to light and medium
textures. By observing the results, the values of soil interaction degree for the
samples were very close, and this may be due to the lack of waste and organic
fertilizers in recent years2. The results also showed that there is a discrepancy salinity
rate in the soil (10).

Table 4 Correlation coefficient between micro - organism and parameters study.

Parameters  Correlation coefficient-r with micro-organism P-value
Cd 0.45 NS 0.102
Co 0.54 * 0.043
Ni 0.51* 0.049
Mn 0.36 NS 0.194
Cu 0.32 NS 0.264
Pb 0.40 NS 0.147
Zn 0.07 NS 0.798

OM 0.10 NS 0.718
PH 0.19 NS 0.504
EC 0.06 NS 0.834

Clay 0.32 NS 0.253
Silt 0.31 NS 0.278

Sand 0.34 NS 0.233

*(P<0.05), NS: Non-Significant.

Table 5 Effect of Location on EC, pH, OM %, and Soil structure.

Location EC dsm™ pH O.M% structure
Buwaitha 2.290 7.6 1.85 Silty clay loam
Al-sufia 2.700 6.9 1.8 Medium loam
Abu-Gharib Nebras 4.310 7.7 1.11 Sand clay
Abu-Gharib omar 3.590 7.9 1.83 Sandy loam
Abu-Gharib Kasim 3.530 8.1 1.15 Clay loam
Abu-Gharib 4 1.01 7.8 2.71 Medium loam
Amiriyah Fallujah 1 704 7.7 1.7 Medium loam
Amiriyah Fallujah 2 2.440 7.67 1.45 Silty clay
Fallujah ALNuaimya 2.950 7.7 1.54 Silty clay loam
Fallujah ALRahaliah 1.380 8.1 1.6 Silty clay loam
Saglawiyah 1.870 8.3 1.16 Silty clay
Fallujah 1.100 8.3 2.01 Medium loam
Al-Muhammadi
Heet Bassaer 1 1.950 7.8 0.86 Sandy loam
Heet Bassaer 2 2.590 7.9 1.71 Sandy clay loam
LSD 3.510 * 1.064 * 0.922 *
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