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Abstract

Background and objective

Gypsum habitats create a stressful environment for plant and the establishment of plants is
affected by ionomic toxicity. Shrub plants as nurse plants can safeguard their understory species
in the harsh conditions of this habitat. These plants are more important in extreme
environmental conditions because they use particular processes to modify the microhabitat
conditions and assist the development of subordinate species. This study attempted to explore
the biotic effect of Artemisia diffusa shrubs on its subordinate species in an altitude gradient in
the gypsum habitat of Semnan province.

Methodology

For this purpose, four habitats with gypsum content above 40% were chosen based on their
altitude gradient. These habitats include Talkheh, Sorkheh Down, Rameh and Sorkheh Up with
altitudes 1302, 1358, 1431 and 1544 meters above sea level, respectively. In each habitat, 20
twin plots were established under a canopy of A. diffusa and their nearby open spaces and then,
their percentage of cover was measured within the plots. The sampling unit is the shrub, which
is considered as a patch. To investigate the response of the plants, they were divided into four
functional groups: annual grasses, annual forbs, perennial forbs and shrubs. To analyze the soil
parameters in each habitat, ten soil samples were collected as pairs under canopy of A. diffusa
and their nearby open spaces and physicochemical properties including pH, EC, gypsum
content, CaCOs;, sand, silt, clay, phosphorus, organic carbon, nitrogen and sulfur were
examined. The difference between treatments was examined using the generalized linear mixed
model, and means were compared using Tukey's HSD test. Soil properties were examined using
multivariate PCA analysis. All computations were performed with R program. The relative
interaction index was developed to measure biotic interactions between plants.

Results

Based on the obtained results, 22 plant species from 16 families were recognized. The findings
revealed that the altitude and location of the species under the patch and their nearby open
spaces have a major impact on various ecosystems. In Talkheh (7.7+1.9), Sorkheh down
(13.2+£2.36), and Sorkheh up (12.75£5.3), the percentage of total cover of species under patch is
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greater than their nearby open spaces. Additionally, in Talkheh, the percentage of annual forbs
(5.3£1.2) and at Sorkheh down annual grasses (8.3+2.3) and annual forbs (5+1.06) under patch,
also in Sorkheh up shrubs (7.5+3.5) and annual grasses (3.15+0.84) were more abundant under
patch than in their nearby open spaces. Also the results showed that the biotic interaction of
A.diffusa facilitates all species in all environments, however the intensity decreased with
increasing altitude (F=2.95; P<0.05).

The study found that annual forbs facilitation declines with increasing altitude (F=10.01; P <
0.001), while shrub species only experience facilitation at high altitude (F = 5; P < 0.006). The
model's results demonstrated that altitude, position, and their interactions had a considerable
effect on soil properties. In the Talkhe habitat, the amount of sulfur (4.57£1.21), phosphorus
(2.1£0.3), clay (17.12+2.24), silt (31.78+1.61), and carbon (4.17+0.78) was much higher under
the patch than in their nearby open spaces and the amount of sand (71.8+3.22) and gypsum
content (56.93+3.47) was lower than the nearby open spaces. In general, lower altitudes had less
gypsum and higher acidity, while the opposite was true in the upper environment.

Conclusion

In general, Artemisia diffusa plants in Semnan province's gypsum ecosystem have enabling
effects that decrease as altitude increases. Because as altitude and gypsum levels rise,
environmental conditions grow more severe, increasing competition among plants for limited
resources. Given that gypsum ecosystems feature unique and endemic species, it is critical to
understand the types of interactions so that, if necessary, appropriate nurse species can be
employed to restore these places.
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Table 1-Description of the characteristics of the studied habitats based on altitude (meters above sealevel),
average annual rainfall (millimeter), average annual temperature (centigrade), Gypsum content (percent) and

geographic coordinates.

Habitats Altitude  Mean precipitation =~ Meantemperature ~ Gypsum content Geographical coordinates

Talkheh 1302 193 17.27 45.9 N 35°22' 01.0" , E052°58'
14.6"

Sorkhehdown 1358 191 16.60 62.72 N 35°28' 1830" , E 53° 05'
9308"

Rameh 1431 208 18.84 63.84 N 35°21" 41.3",E052°42'
13.3"

Sorkhehup 1544 348 16.84 76.66 N 35°28' 6638" , E 053° 05'
1202"
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Figure 1- The location of the investigated sites in the studied area
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Table 2- The listof Neighbor species in the studied habitats. Functional group AG = annual grasses, AF = annual
forbs, PF = perennial forbs and S = shrubs.

Family

Species

Functional groups

Amaryllidaceae

1 Allium fibrosum Regel. PF
Asteraceae
2 Jurinea radians Boiss. subsp. Radians. PF
3 Koelpinia linearis Pall. AF
Asphodelaceae
4 Eremurus luteus Baker. PF
Boraginaceae
5 Arnebia decumbens (Vent.) Coss. & Karlik. AF
6 Lappula spinocarpos (Forssk.) Asch. AF
Brassicaceae
7 Neotorularia torulosa (Desf.) Hedge &J.Léonard. AF
8 Strigosella africana (L.) Botsch. AF
Caprifoliaceae
9 Scabiosa micrantha Desf. AF
10 Scabiosa olivieri Coult. AF
Caryophyllaceae
11 Gypsophila pilosa Huds. AF
Chenopodiaceae
12 Salsolaa rbuscula Pall. S
Ephedraceae
13 Ephedra sarcocarpa Aitch. &Hemsl. S
Euphorbiaceae
14 Euphorbia gypsycola Rech.f. &Aellen. PF
15 Euphorbia sp. PF
Poaceae
16 Boissiera squarrosa (Banks & Sol.) Nevski. AG
17 Bromus tectorum L. AG
18 Eremopyrum bonaepartis (Spreng.) Nevski. AG
19 Eremopyrum orientale (L.) Jaub. & Spach. AG
20 Loliolum subulatum (Banks &Soland.) Eig. AG
Ranunculaceae
21 Adonis sp. AF
Resedaceae
22 Reseda aucheriBoiss. PF
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Altitude Position Altitude x Position
Df F value P value F value P value F value P value
Total species 63 5.04 0.003 24.03 <0.001 2.55 0.064
AG 72 7.95 <0.001 22.27 <0.001 6.43 <0.001
AF 72 11.45 <0.001 26.84 <0.001 6.74 <0.001
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Table 5- The results of the GLMM model to investigate the effect of altitude on the relative interaction index of

total species and functional groups. F values indicate the level of influence as well as the significance level at the

level of 0.05. P values indicate a significant effect. AG = annual grasses, AF =annual forbs, PF = perennial forbs

and S = shrubs.
Total species AG AF PF S
Df 3 3 3 3 3
F value 2.95 7.42 10.01 1.39 5
P value 0.05 <0.001 <0.001 0.26 0.006
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Figure 2- The results of compare mean of relative interaction index of total species and functional groups in the
studied habitats. Different letters indicate significant effects. Functional group AG = annual grasses,AF =
annual forbs, PF = perennial forbs and S =shrubs. Statistical points show the biotic interactions significance
using one way t-test.
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Table 6- The results of the GLMM model to investigate the effect of the altitude and position of the species under
patch or nearby open spaces the shrub and their interactions on soil parameters. Different letters indicate
significant effects. F values indicate the level of influence as well as the significance level at the level of 0.05.
Colored values indicate a significant effect.

. Altitude Position Altitudex Position
Soil parameters

Df F value P value F value P value F value P value

pH 28 16.86 <0.001 0.78 0.384 2.52 0.078

EC 28 2.61 0.068 4.46 0.043 3.34 0.031

Gypsum 28 17.36 <0.001 6.54 0.016 2.56 0.068
Sand 28 6.82 0.001 3.67 0.066 7.26 <0.001

Silt 28 479 0.008 3.02 0.093 6.90 0.001

Clay 28 12.53 <0.001 2.80 0.104 4.81 0.007

P 28 23.77 <0.001 21.01 <0.001 5.74 0.003

C 28 12.52 <0.001 7.32 0.011 1.89 0.151

N 28 11.21 <0.001 53.44 <0.001 5.16 0.006

S 28 7.89 <0.001 9.53 0.05 4.26 0.13

CaCOs, 28 8.45 <0.001 2.9 0.096 1.11 0.365
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Table 7- The results of compare mean the soil chemical parameters in the studied habitats. Different capital
letters indicate a significant difference in different positions and different lowercase letters indicate a significant

difference in different heights.

Soil parameters Position Talkheh (1302m) Sorkhehdown (1358m) Rameh (1431m) Sorkhehup (1544m)
H Patch 8.20+0.04A% 7.98+0.07A™ 8.12+0.03A% 7.85+0.04A°
P Open space 8.14+0.07A% 7.92+0.01A° 8.05+0.04A% 7.96+0.02A°
EC Patch 2332.12+27.90A" 2436.40+78.04A% 2510.80+35.62A% 2354+40.29A°
Open space 2397+12.44A%° 2364.60+20.85A% 2348.50+11.25B% 2318.40+6.47A2
G Patch 35.06+6.92B° 54.03+3.09A° 62.70x4.02A™ 76.17+2.62A7
ypsum Open space 56.93+3.47A 62.725.75A% 63.84+4.20A% 76.66+1.05A%
sand Patch 51.10+3.60BP 68.89+3.01A% 64.29+1.55A% 52.96+0.61A"
Open space 71.80+3.22A°% 66.25+3.36A° 60.43+1.32A%" 54.68+4.64A"
silt Patch 31.78+1.61A% 18.65+2.85A" 22.27+0.93A° 26.45+1.08A%
Open space 19.88+1.51B? 19.98+2.45A% 25.98+0.89A? 24.63+2.25A?
Patch 17.12+2.24A%° 12.46+0.55A° 13.44+0.74A° 20.60+1.02A2
Clay Open space 8.31+1.86B" 13.78+1.02A 13.58+0.71A 20.69+2.48A°
P Patch 2.10+0.31A% 0.58+0.25A" 0.64+0.08A° 0.30+0.07A°
Open space 0.78+0.10B% 0.48+0.14A%® 0.20+0.05A%* 0.06+0.04A"°
c Patch 4.17+0.78AF 1.56+0.14A° 1.40+0.06A" 1.17+0.15A°
Open space 2.22+0.78B% 0.98+0.13A% 1.11+0.15A% 0.78+0.03A%
N Patch 0.13+0.01A% 0.07+0.01A° 0.08+0.00A" 0.09+0.01A°
Open space 0.06+0.00B? 0.05+0.00A? 0.05+0.00B? 0.06+0.00B?
s Patch 457+1.21A° 7.63+0.61A% 7.18+0.29A° 9.26+0.46A°
Open space 8.32+0.28B* 8.31+0.54A% 7.88+0.38A% 9.20+0.27A%
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Soil parameters Position Talkheh (1302m) Sorkhehdown (1358m) Rameh (1431m) Sorkhehup (1544m)
CacO Patch 24.65+5.76 A% 10.20+0.79A° 5.36+0.59A" 6.33+0.32A°
3 Open space 14.58+5.82B% 6.47+1A? 4.94+0.66A% 5.99+0.31A%
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Figure 3- Results of multivariate analysis of soil chemical parameters
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