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Extended Abstract

Background and Objective: The desiccation of lakes and wetlands in arid and semi-arid
regions, such as Lake Urmia, is driven by climate change and anthropogenic pressures, leading
to the formation of unstable saline playas that serve as major sources of harmful dust.
Establishing salt-tolerant shrubs like 7amarix ramosissima (tamarisk) is an effective strategy
for soil stabilization and microclimate modulation. The microclimate created beneath shrub
canopies reduces temperature, buffers thermal fluctuations, increases relative humidity, and
limits evaporation, thereby influencing surface crack morphology in saline-clay soils. Such
cracks not only disrupt water infiltration, gas exchange, and root growth but also provide
pathways for wind erosion. However, knowledge of how plant-induced microclimates affect
crack patterns in these ecosystems remains limited, hindering the optimization of ecological
restoration efforts.

Material and Methods: This study assessed the impact of microclimates generated by hand-
planted tamarisk shrubs on surface soil crack morphology in the western dried bed of Lake
Urmia. Sixty shrubs, planted since 2015, were systematically selected based on uniformity in
height, canopy dimensions, and spacing to minimize confounding factors. Prevailing wind
directions were determined using synoptic station wind-rose data (1949-2021). From 15 shrubs,
high-resolution vertical digital images (n= 120) were acquired at two sampling positions per
shrub, beneath the canopy (at half-canopy radius) and outside the canopy (5-8 m from the stem
base, in inter-canopy gaps), across four cardinal directions (N, S, E, W). Images were processed
using PCAS (Pores and Cracks Analysis System) to extract key morphological indices: crack
density (Dc), area-to-perimeter ratio (AWMARP), weighted mean fractal dimension
(AWMFRAC), and morphological connectivity (r). Statistical analyses (two-way ANOVA,
Tukey’s HSD, independent t-tests) compared indices across canopy conditions and directions.

Results: Shrub microclimates significantly altered crack morphology. Under canopies, mean
Dc was 1.99% versus 0.70% in open areas; AWMARP was >2x higher (0.0375 vs. 0.014);
AWMFRAC was ~12x greater (1.40 vs. 0.122); and r increased by ~83% (0.293 vs. 0.160).
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Two-way ANOVA confirmed highly significant effects of canopy position on all indices (p<
0.01), while direction alone significantly affected only r (p< 0.01). Interaction effects (position
x direction) were significant for AWMARP and r, indicating directional dependence of
microclimate impacts. Maximum Dc and AWMFRAC occurred in the NE and NW directions
beneath canopies. Independent t-tests revealed highly significant differences (p< 0.01): Dc
(+65%), AWMARP (+>60%), AWMFRAC (+~91%), and r (+~43%) were all higher under
canopy. Visual PCAS outputs confirmed denser, more uniform, semi-regular polygonal crack
networks beneath canopies, versus sparse, irregular, fragmented patterns in open areas,
highlighting the efficacy of tamarisk-induced microclimate in modulating soil physical
processes.

Conclusion: Hand-planted tamarisk shrubs substantially enhance surface crack morphology in
the western playa of Lake Urmia by fostering structured, dense, interconnected crack networks,
thereby improving soil hydraulic and biological functionality. Greatest effects occurred in NE
and NW aspects, likely due to interactions between microclimate, prevailing winds, and solar
radiation. Functionally, tamarisk acts as an ecosystem engineer, offering more than physical
stabilization, by enabling ecological restoration and dust mitigation. Moreover, crack
morphological indices serve as valuable quantitative indicators for evaluating restoration
effectiveness in arid degraded lands.

Keywords: Ecological restoration, Lake Urmia, Novel ecosystem, Soil structural stability, Wind
erosion.
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Table 1. Statistical indices of morphological components of Tamarix shrubs studied in the dried beds

of Lake Urmia
ﬁsuﬁ <ol L;Lau.a}l.;. QMLM i ] ﬁ)uﬁ ol 6uup~t.; wl.;::ca@) L;l);;l
Values Stat} stical Morphological component Values Stat} stical Morphological
indicator indicator component
LS LS
3.55 " 2 "
Minimum Minimum
6.65 Lo 16 Aol
~ ) (o) 7U S5 s . . .
Maximum ) g8 S Maximum () gl
c. Large crown diameters c. .
il ol
4.86 o (m) 2.84 o Height (m)
Mean Mean
)LgM oLl )L_:&A oL_..’I.,.ir\
0.097 ’ 0.06
Standard error Standard error
LS LS
3.40 " 9.48 "
Minimum Minimum
5.40 G 27.09 ot
. . () »b S 5 : . .. .
Maximum e S s Maximum (Erre) pdnzl colos
z. Small crown diameters z.
Sl il 2
438 ok (m) 1727 oSSk Canopy area (m?)
Mean Mean
shre ol shae ol
0.069 0.59
Standard error Standard error
LS LS
3.47 " 32 "
Minimum Minimum
587 Wiz 95 Lol
. ) (o) 7b SKle s . 5 L
Maximum ) g8 e s Maximum (o deo) 4y Jlas
c Mean crown diameters z. .
il ol
160 ok (m) 54.90 oSSk Collar diameter (mm)
Mean Mean
Sl ol Slrs ol
0.081 " ’ 1.48 : '
Standard error Standard error
PURY S
50 N 2 "
Minimum Minimum
100 o 17 o
Maximum (Ao)3) s Ol Maximum RSN
. /.LA . . 0 . /.L‘
45,50 oSk Vitality (%) 790 RAR Number of shoots
Mean Mean
Sl ol Slrs ol
0.92 " ’ 0.42 : '

Standard error

Standard error

Yo
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Table 2. Statistical indices of soil components inside and outside the microclimate zone of Tamarix
shrubs in the dried beds of Lake Urmia

- bl sla e ls

J'.’.b 83 gl>we J‘.’.; 83 gl
Values S.tat}stlcal Morphological Zone  Values Stat}stlcal Morphological Zone
indicator component indicator component
LS LS
0.61 N 1.69 "
Minimum Minimum
0.79 o . 2.41 T .
Maximum s 5 oS5 Maximum s 5 WS
Sl 0 ol 0
0.70 o DC (%) 1.99 o DC (%)
Mean Mean
Dlas ol Slas olizl
0.004 ’ 0.014 ’
Standard error Standard error
LS
0.011 " 0.0035 )
Minimum Minimum
ol S5y S ok ol S5 S
0.036 o . 0.0465 T .
Maximum Lo i S 5l . Maximum b el
(0]
ol T g Sl T =
0.014 o Lol 4 § 0.0375 ot Lol Jaes S
Mean AWMARP O B Mean AWMARP RYE-
)L\M ol e § )LM ool E
0.0004 T = 0.0005 T 3 =
Standard error % ] Standard error ERS)
5 T O
o = xS ) .2
0.069 i N E 1035 § A 8
Minimum B Minimum = S
et PR T et PR =
0.180 i oy ke 7 2010 i Ao Sy oSOl =
Maximum ) _ 3 Maximum ) . =
Sl s 5 Jus Sl b 5 Jus
0.122 AWMFRAC 1.40 AWMFRAC
Mean Mean
Sl ol sl ol
0.002 0.019
Standard error Standard error
LS LS
0.15 i 0.284 ;
Minimum Minimum
0.17 "*' iy 5 Jlasl 0.309 T bses, Jlasl
Maximum s Maximum s £
il o Sl >
0.16 o . 0.293 o -
Mean Mean
Sl ol Sl ol
0.0005 0.0005

Standard error

Standard error

va
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Table 3. Results of two-way ANOVA to determine the effects of the inside and outside of Tamarix
shrubs microclimate (sampling location), and various geographic directions on soil components

Golsgme i slie Slue o Sle (golil e el L uite
Sig. F-value Mean Square df Variation sources Variable
15 pdd s LS
0.001  4012.19 49.970 1 A
Sampling location
Lal lac B
0177  01.647 0.021 3 TS SR s (S15
. .Geographlc dlI‘CCthIl.S — DC (%)
wlar lacgr X (g)ls pd ges blE
0.177 1.671 0.021 3 Sampling location x geographic
directions
15 a0 s LS
0.001  641.552 0.016 1 A
Sampling location oSl s
Wl e slaier .
0.937 0.138 0.00001 3 GEST G i wbs j ool
Geographic directions §
. . N gl .]ﬁ.?r.d
@l sbacgr X (s pai sl LG WMARP
0.001 5.794 0.00014 3 Sampling location x geographic
directions
15 pdd gos b
0.001 230375 48.939 1 SIRAEse
Sampling location
Lol i clac A Sos ke
0.246 1.404 0.030 3 SEST SR o
Geographic directions s 5 Jis 3
wlar lacgr X (515 i ges blE AWMFRAC
0.391 1.010 0.021 3 Sampling location x geographic
directions
15 pdd gas LS
0.001  18174.49 0.476 1 I8
Sampling location
. . Loy, Jlasl
Wlar slacgs sebaes
0.001 7.102 0.0002 3 SEST SR ]
Geographic directions bas 5
0.007 4.254 0.0001 3

Sampling location X geographic
directions

5 e GUEKES 5 Old b e slaas 5 4 (8 JS2) PCAS ljle 5 b ods 53l 5 slas
S 5 5L bl « Jlis 55 S o a1 S 303 K35 Aol e Doty | oS lawil
S dmily glamagl Bl 5 Ll was]y 5 A S LS § e S bt
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Table 4. Results of one-way ANOVA of soil components measured inside and outside the crown of

Tamarix shrubs across different geographical directions in the dried beds of Lake Urmia

[EgUeS S13 4 500 03 g e ﬁcﬁd@l;a 331 a3 Sl ye wf.:lﬂ:a b polie (ols pme
Variable Sampling zone Variation sources df Mean Square  F-value Sig.
Lﬂsa < .
25 o 3 0.227 17.599 0.001
Between groups
b U 63 gdoeo | laos S ¢
SEREE e JED 25 0302 56 0.013
Inside crown Within groups
. S 59
LS 5 oS15 Total
0 des S -
DC (%) 25 e 3 0.019 17247 0.001
Between groups
s U 63 gloes = Ao Y O
RET T O 2 052 56 0.001
Outside crown Within groups
» 59
Total
oy S -
25 3 0.00008 2.902 0.043
Between groups
Y U 63 gdowe | laos S ¢
SEREE o2 JED 25 0202 56 0.00003
Inside crown Within groups
u:i'L:‘ 38 S
] 5 59
.\a:.z,a “ LASJJ ol Total
T Lha < -
Lo 25 3 0.00001 0.409 0.747
AWMARP Between groups
B U 63 9o = lae S ¢
TR 255 0202 56 0.00004
Outside crown Within groups
S 59
Total
Loy S
25 e 3 0.491 26967 0.001
Between groups
o U 63 gdowo = | lass S ¢
SEREE e S 2 0 56 0.018
Inside crown Within groups
S 5 ey G5 ke 5 59
r Total
7 oy S o
AWMFRAC 3 0.006 17.661 0.001
Between groups
s G 63 gloes = as < BEBE)
TR T O 25 03 56 0.018
Outside crown Within groups
S 59
Total

YA
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Continued Table 4.

‘_QJ\JJ.!AJ)»J 03 gd>=e

Sampling zone

s uxie
Variable

et b
Variation sources

Gl am s Sl Kl
df

ped ﬂ;lia 6)‘55'-*-‘

Mean Square  F-value Sig.

Léc}‘)fo,ﬁ

3 0.0002 10.523 0.001

Between groups

u:...:.vﬁcl.; AJ‘)JM J;—l)
Inside crown

ooy S 05
Within groups

56 0.00002

Js

Total

59

LS 5

Léc}‘)fo,ﬁ

3 0.00004 0.927 0.434

Between groups

JZ.JJ)JCU 63 gd>ws C)l;-
Outside crown

L&ajjg Q})A
Within groups

56 0.00003

Js

Total

59
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Figure 2. Comparison of mean values of Dc (a), AWMARP (b), AWMFRAC (c), and r (d) of soil
surface cracks inside and outside the canopy of Tamarix shrubs across different geographical
directions of north east (NE), north west (NW), south west (SW), and south east (SE) (Similar
lowercase letters indicate no significant difference (p>0.05), while different letters denote significant
differences (p<0.05)).
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Figure 3. Comparison of mean values of Dc (a), AWMARP (b), AWMFRAC (c), and r (d) of soil
surface cracks inside and outside the canopy of Tamarix shrubs (Similar lowercase letters indicate no
significant difference (p>0.05), while different letters denote significant differences (p<0.05))
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Table 5. Results of an independent samples t-test to determine the mean difference (p<0.05) between
the two groups of inside and outside crown of the Tamarix on soil components
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Figure 4. Schematic representation of the steps involved in the extraction and quantification of soil
surface cracks inside and outside the canopy of the studied 7amarix shrub stands
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