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Figure (1): The location of study area in Iran with sampling points
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Figure (2): Some of species of terrestrial lichens with high
abundance in Sejzi desert

S I slge Sl Bl 53 ) saiw g LSU
SLt S (T8 olie 6l Oy (Stnd 25
S ey by p S s IS s s
(Y dsda) Ll sl o) Glaanny g 0o s
L it Sty i (o O (Nomend 5
VPO (S 05558 doys wmen 5 IS T p S sl
Slaaia s das . 0L Aol o3 4 744 slazel da..y 3
Slasls 5o (il (85 S i 53 St
Glatiny by daes S sl G Sy SIS
ol el 5 el S (g5l JalS Sl s
S I s digi e Sl S ok sl s s e
Ay ol Al e SUE s ey YL slie s
ikl Sl cdon polae b s osd o ) glaain g

Y G 4 e 35 o SIFTIR id WSl s O
ey s 535 b Gt O35l G 0 S e Yer s
L o3lel (g et o B ) goh 5 LS byl Six
L Ol b e e VOB 2/0 a3 L S 58 oo 3
e 33 18 lasT s e (6555 SIS Sl eslind
S gody Vor e =\ On v psi LEs 5o IB s bl
s 53 Ol ba o 5l eys GBlad o303 o3
FT-IR Jo—s MB-154 Bomem Cw:u.b oKns P R
le s L alpes sm b glacib 5 A 0ls I3

sl Cows & Bomem Easy

2 sl s
s r Sl ol Ol Ot (Stad oy 15
ot Sl (T S8 ke 33 o Hai
Otsy ) S el 35S0 gl bl Ol il
o A aailon Sl S i Ol 5 el S s
PCA s,Lal 0yesl 51 Jmalse 3l S8 w5
iglie )y rmean Sl ol eslizad (Y)Y (it o)
Ol 5 Sl S iy 23 S 3 S 5 ool slis

W23 pll T-test (bl O ga3T ol S 5y i

S s s 5SS
Mu}f\‘\’ LwadLJL:.:)‘ 4:.5% b)jﬂ SJJWJD
g 3 eSS ol el s L;,JTC,}, S3Sks
GASU sl S La0T g s« 5 5 0350 SdS sl
Laas S ol o s 5l Jlol 3 L a8 5 slas .o

&L.w‘ o bb\) QL&J (Y)Jg.;l)b
(\)JJJ}))cJ;JJd)jT@;-LSJMC,M))‘MY'JJ
o Bl cral S Sk laws Sl ool ol
(S s bl 5 L Os s Sisaa y S bl

1. Sedgwick
2. Principal Component Analysis
3. Jolliffe



VFoo bl o5 g o 0 ylos o33l Jlw ()bl o1 (oo (g sode alxo \44

4l alS S 5 OF i 5 03 Jlpds Sl S5
deos LT e (V) sl glaesls 51 a8 3b Oles .o
ol Sl ole 5 andend (VU oslie L SL 0 S
oS RPN Gy Gty m 12505 (o San
ezl )3 gedly alS | Sls il (gode ol
Je O350 Sl Gty 5 L o a8 S LG
woder BB ol oalie b SB35 e I S S e
3,05 e daly S Ol S 5 Sl Ao s (e Loy

KRGS )b@m 4.144.\) Q‘.’.\ ug':j

A s Gl e s b e Gl e glaaia
i O SNad b SOl s e 5 BB
L ) Sty g b ondS Sl S ol
GV I L e S L S S AR
Slatiuy i p5 Sk 53 Sl LB el sl
Slpain g b BB s L b pme SV s
Sk JS I oS doss 350 140 slazel mlaw s e
Ot 78 slazel a3 i Stas ls o |

g Sl S b gl gl s el osls

S o3 5 kil g ol S gs Sl lad S 1)) Jpix

Table (1): Macrobiocross species collected from Segzi plain
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Moss, Algae
Moss, Algae Collema coccophorum
Moss, Algae Collema coccophorum
Peccania arizonica OYa¥Y/&s
Moss OYVAQY/Y
Moss, Collema coccophorum oYY\ O/
Moss INARAEVAR
OY VAN

Collema tenax, Moss

Collema tenax, Endocarpon pocilum, Candelariella sp, Moss

Candelariella sp, Caloplaca roselans, Megaspora rimisorediata, Caloplaca

raesaenenii, Moss

Endocarpon pocilum

Collema coccophorum, Circinaria mansourii, Placidium squamulosum, Moss

Collema tenax, Collema coccophorum, Placidium squamulosum

Peccania terricola, Collema tenax, Collema coccophorum

Moss, Collema coccophorum

Moss, Collema coccophorum

Moss, Collema coccophorum, Collema tenax

Collema coccophorum, Peccania terricola

Candelariella sp

Circinaria mansourii, Circinaria elmorei, Collema tenax, Candelariella sp
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Table (2): Pearson correlation between biocrust and non-biocrust soils with physicochemical properties of soil and organic matter
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*, Correlation is significant at the 0.05 level (2-tailed).

**_ Correlation is significant at the 0.01 level (2-tailed).
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Table (3): Statistical comparison of total organic carbon and available iron (mg/kg) in soils covered with biocrust and without biocrust
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Extended Abstract

Introduction: The soil's biological crusts increase soil's organic matter, especially in arid and semi-arid regions,
performing a special function in the global carbon cycle. Organic soil carbon, which is a mixture of various
components, including organic acids, is an important indicator of soil quality. Organic acids increase the
solubility of low-soluble nutrients, including soil iron. Therefore, this study attempted to investigate the effect of
biological shells in increasing soil organic acids and their participation in iron uptake.

Materials and Methods: The map of biological soil crusts' distribution in the Sejzi plain was prepared, and soil
was sampled under cover of biological soil crusts from lichen-dominated areas. Then, soil's physicochemical
properties, including pH, EC, Fe, OC%, CaCO3%, and soil texture, were measured. Next, the Pearson
correlation coefficient was calculated to determine the relationship between soil parameters and biological soil
crusts. The values of the soil's physicochemical parameters were classified into two classes (soils covered by
biocrust and non-biocrust) via PCA (Principal Component Analysis) using Matlab 2013b software. Then,
loading charts for the first, second, and third components were calculated at the confidence level of 67.51%,
21.73%, and 6.71%, respectively. Fourier-Transform Infrared spectroscopy was performed, and FTIR spectra
were obtained for all collected soil samples to identify the existence of an organic acid agent in the soil.

Results: In the study area, 32 specimens of terrestrial lichens were collected from the Sejzi desert, most of which
had been classified as cyanolichens whose photobiont part was cyanobacteria.

The Pearson correlation coefficient between the percentage of organic matter and the coating of biological soil
crusts was reported to be 0.653, indicating the significance of biological soil crusts in increasing soil organic
carbon. Also, the results of the t-Student test showed that the amounts of absorbable iron in biocrust-covered and
biocrust-free soils were significantly different.

The classification of the relevant parameters via the PCA method revealed that in the Sejzi plain, soil salinity
with 67.51% confidence, and at 21.73% level, soil texture and lime percentage were among the most important
limiting factors in the establishment of biological soil crusts.

Based on FTIR curves, Citric acid and oxalic acid were read from 1400 to 1600 (cm-1) and 1700 to 1800 (cm-1),
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respectively.

Discussion and conclusion: Deserts, arid, and semi-arid ecosystems contain very small amounts of organic
matter, and, thus, they are exposed to the destructive effects of physical and chemical agents. Therefore,
biocrusts, which play a very influential role in increasing the soil's organic compounds, improve the properties of
desertified soils and enhance the desert's health. Moreover, secreting organic acids that form part of the whole
soil's organic matter, biological soil crusts act like plant roots and facilitate chemical reactions in arid and semi-
arid soils that are considered poor in terms of fertility. According to the study's findings, calcium carbonate,
which increases soil alkalinity and affects the establishment of biological soil crusts, was found to be a limiting
factor in carbon sequestration in the Sejzi plain. In other words, with an increase in calcium carbonate, the
carbon sequestration and the amount of soil's organic carbon decreased.

On the other hand, increased pH in the soil reduces the efficiency of organic acids such as citrate and oxalate,
and as a result, the plants' absorption of the soil's micronutrients, including the iron, was reduced, and the growth
of aerial parts and roots of the plant was disrupted.

Furthermore, it was found that the probability of the formation of the lichen-dominated biological crust is
21.73% in sandy and silty soils, which contain more sand and silt than the clay soils. Also, in the Sejzi plain,
fewer biocrusts are established in calcareous soils. Moreover, in deserts, biocrusts increase organic carbon and
thus perform different functions compared to other regions. However, they do not increase aggregate soil
stability by increasing calcium carbonate. It should be noted that most of the Sejzi desert's biocrusts produce
organic matter and increase soil's organic carbon, and a few of them are of calcium carbonate-producing types.

Finally, it could be argued that biological soil crusts significantly increased iron absorption, which is
considered as one of the most important micronutrients in the soil, by increasing the organic matter, which is
among the categories found in the soil's organic matter. An increase in iron absorption was especially significant
in the Sejzi plain's soils with high alkalinity (pH 7.5), limiting micronutrients dissolution and subsequently
disrupting the establishment of vegetation.

Keywords: Oxalic acid, citric acid, February infrared spectroscopy, PCA, Sejzi.



