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Abstract
Background and objectives
Various indicators are used to assess, evaluate, and quantify the effectiveness of desertification
control projects. One of the newer and more comprehensive indicators is the ecosystem multi-
functionality index. Ecosystem multifunctionality emphasizes that ecosystems simultaneously
provide multiple functions and services, and that their integrated, comprehensive assessment
offers a much greater advantage than examining each function individually. This index reflects
each ecological site's overall ability to sustain high levels of multiple ecosystem processes
simultaneously. A higher numerical value for this index indicates that desertification control
operations, particularly through the planting of different plant species, have produced an additive
and synergistic effect on ecosystem functioning. The present study introduced and applied this
index to assess the effectiveness of desertification control projects at different ecological zones
located along the soil salinity gradient on the western margin of Lake Urmia.
Methodology
Initially, 12 sites across three ecological zones were selected along a 1500-meter gradient. At each
site, fifteen 2-m2 grid plots were established along a 150-meter transect at 10-meter intervals, and
the canopy cover and aerial biomass of understory plants were measured within these plots.
Additionally, along each transect, 15 stands of the species Nitraria schoberi, planted in 10-m?
grids since 2013 as part of desertification control efforts, were identified, and their plant traits
were recorded as ecosystem-related characteristics. Soil samples were also collected along each
transect at the beginning, middle, and end points, from a depth of 20 cm, to evaluate the
relationship between the distribution of understory vegetation and the plant traits of N. schoberi
stands with soil properties. Redundancy Analysis (RDA) was then used to investigate the
relationships between N. schoberi plant traits, understory vegetation attributes, habitat
characteristics, and the spatial distribution of sites in the soil-parameter space. To calculate the
ecosystem multi-functionality index, ecological data in all sites were normalized across all
variables, and standardized scores were integrated and averaged to obtain the final multi-
functionality value. After calculating the index for each site, its correlation with soil
characteristics was examined, and the most influential variables determining the index values
were identified. The index across the ecological zones were also compared to determine the
superior zone in terms of ecosystem multi-functionality.
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Results

According to the results, the values of plant traits in N. schoberi stands increased along the salinity
gradient from the first zone (farthest from the salinity focus) to the third zone (closest to the
salinity focus). However, the percentage of dry stands, the values of understory vegetation
attributes, and the rangeland condition class were higher in the first zone than in the third zone.
Consequently, the magnitude of the ecosystem multi-functionality index—derived from the
magnitude of plant traits—increased progressively from the first to the third zone. As the salinity
focus was approached, the values of Sand, Mg, and Ca increased, whereas Clay, N, OM, and Silt
increased in the opposite direction. Bulk density (BD) and bicarbonate (HCO:") did not play a
significant role in distinguishing sites along the salinity gradient. The ecosystem multi-
functionality index exhibited the strongest positive correlation with the percentage of sand,
sodium, sodium adsorption ratio, and exchangeable sodium percentage—Variables aligned with
the ecological requirements of N. schoberi. Therefore, N. schoberi grew more successfully in the
third ecological zone, where soils were sandy and light-textured. The index showed the strongest
negative correlation with percentages of silt, organic carbon, and available phosphorus. Thus, in
the first and second ecological zones, where soils were clayey and heavy, N. schoberi exhibited
reduced growth and smaller plant-trait values. As a result, the multi-functionality index in these
zones was also lower than in the third zone.

Conclusion

The ability of ecological sites to maintain high levels of ecosystem processes in response to
desertification control operations is not uniform across zones. The numerical value of the
ecosystem multi-functionality index indicates that desertification control interventions using N.
schoberi on the western edge of Lake Urmia had a greater positive effect on ecosystem
functioning in the third ecological zone—closer to the salinity focus where soils are sandy and
light—while this effect was markedly lower in the first and second zones, which are farther from
the salinity source and characterized by heavy, clayey soils.

Keywords: Desertification, ecosystem multi-functional index, plant traits, salinity gradient, soil
properties.
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Figure 1- Location of the study area
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Table 1- Average vegetation characteristics and range condition class in different ecological zones
Stone Range condition
. . . . Understory

Ecological Canopy Litter Bare soil and Soil surface L Range

aerial biomass Total o
zone cover (%) (%) (%) gravel coverage (%) condition

% (Kgrha) Score

(%) class

First 34.57a 11.50b 52.93b 1/00b 47.07a 235/13a 39/3a Good
Second 30.60b 11.13b 56.33ab 1.93a 43.67b 247/40b 36.0b Moderate
Third 29.10c 12.47a 57.27a 1.17b 42.73b 235/97b 35.1/b Moderate

Similar letters indicate no significant difference and different letters indicate significant difference at the five percent level
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Table 2- Average values of structural and functional traits of the V. schoberiin different ecological regions

. L Il Aerial Frui
. Height of arge Sma Canopy Volume of . ena run_ Percentage of
Ecological crown crown biomass production .
each base . . cover per each base drying of
zone (cm) diameter diameter stem (cm?) (cmd) per stand per plant foundations

(cm) (cm) (9n) (gr)

First 60.33c 60.00c 51.67c 2433.50c 146821.17c 312.00c 130.00c 38.67a

Second 83.33b 89.00b 70.00b 4890.55b 407545.83b 392.00b 169.60b 34/00b

Third 105.00a 98.33a 80.67a 6226/79 653813.42a 657/80a 319.80a 26.00c

Similar letters indicate no significant difference and different letters indicate significant difference at the five percent level.
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Figure 3- Two plots of the distribution of sites (transects) in the space of soil parameters by RDA analysis
Sand, Silt, Clay, Soil Saturation Percentage (SP), Bulk Density, Acidity (pH), Salinity (EC), Nitrogen (N), Organic Carbon (OC),
Magnesium (Mg), Calcium (Ca), Absorbable Phosphorus (p), Sodium (Na), Cation Exchange Capacity (CEC), Chloride (Cl),
Bicarbonate (HCO?), Sulfate (SO.), Sodium Absorption Ratio (SAR), Exchangeable Sodium Percentage (ESP), Height of the base
of the tree (H), Large Crown Diameter (LD), Small Crown Diameter (SD), Crown Cover Area (CCA), Plant Volume (V),
Aboveground Biomass (AB), Fruit Production (FP), Dryness Percentage (DP), Crown Cover Percentage (CCP), Litter Percentage
(L), Understory Aboveground Biomass (FB), Range Condition (RC)
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Table 3- Correlation between ecosystem multifunctionality index and soil properties

Soil properties 2 sig Soil properties 2 sig
Sand 0.695 0.012 Ca 0.482 0.113
Clay -0.509 0.091 P -0.636 0.026

Silt -0.758 0.004 Na 0.840 0.001

SP 0.377 0.228 CEC -0.562 0.057
Bulk Density 0.060 0.854 cl 0.410 0.185
pH -0.478 0.116 HCO3- -0.064 0.843

EC 0.530 0.076 SO4 0.009 0.977

N -0.591 0.043 SAR 0.656 0.021

oM -0.622 0.031 ESP 0.691 0.013

Mg 0.500 0.098
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Figure 5- Correlation between ecosystem multifunctionality index and soil properties
Sand, Silt, Clay, Soil Saturation Percentage (SP), Bulk Density, Acidity (pH), Salinity (EC), Nitrogen (N), Organic Carbon (OC),
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Bicarbonate (HCO3-), Sulfate (SO4), Sodium Absorption Ratio (SAR), Exchangeable Sodium Percentage (ESP)

S5 S) lade 255 55 et S (65 S ks (a3ls slie oSl 45,5 il s 455 —F S

Table 4- One-way analysis of variance of the average values of the ecosystem multifunctional index in different

ecological zones
Source of change df Sum of squares Mean squares F-value Significance level
Ecological zone 2 1.04949 0.524747 137.61 0.000
Error 9 0.03432 0.003813 -

Total 11 1.08381 - - -
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