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Figure 1- Location of the studied sites in Mazandaran province
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Table 1- The list of recorded species in measurement plots

$58 e ol solal Pl e oA e dob

Scientific name Nick name Life form Life history
Agropyron pectiniforme Roemer & Schultes. Ag.pe Grass Perrenial
Alyssum minus (L.) Rothm. Al.mi Forb Annual
Artemisia fragrans Willd. Ar fr Shrub Perrenial
Astragalus gossypinus Fisch. As.go Shrub Perrenial
Bromus briziformis Fisch. & C.A.Mey. Br.br Grass Annual
Bromus stenostachyus Boiss. Br.st Grass Perrenial
Bromus tectorum L. Br.te Grass Annual
Campanula rapunculus L. Cara Forb Perrenial
Carex strigosa Huds. Ca.st Grass like Perrenial
Centaurea virgata Lam. Ce.vi Forb Perrenial
Coronopus didymus (L.) Sm. Co.dy Forb Annual
Cousinia commutate Bunge. Co.co Forb Perrenial
Dactylis glomerata L. Da.gl Grass Perrenial
Eremopyrum distans (C.Koch) Nevski. Er.di Forb Perrenial
Eremostachys macrophylla Montbr. & Auch. Er.ma Forb Perrenial
Festuca ovina L. Fe.ov Grass Perrenial
.Heteropappus altaicus (Willd.) Novopokr He.al Forb Perrenial
Kochia prostrate (L.) Schard. Ko.pr Forb Perrenial
Nepeta saccharata Bunge. Ne.sa Forb Perrenial
Noaea mucronata (Forsk.) Aschers. No.mu Forb Perrenial
Onobrychis cornuta (L.) Desv. On.co Shrub Perrenial
Phlomis olivieri Benth. Ph.ol Forb Perrenial
Pimpinella affinis Ledeb. Pi.af Forb Perrenial
Poa bulbosa L. Po.bu Grass Perrenial
Salsola dendroides Pall. Sa.de Shrub Perrenial
Salsola kerneri (Wol.) Botsch. Sa.ke Shrub Perrenial
Stachys inflata Benth. St.in Forb Perrenial
Stipa hohenackeriana Trin. & Rupr. St.ho Grass Perrenial
Thymus fedtschenkoi Ronniger. Th.fe Shrub Perrenial
Verbascum agrimoniifolium (C.Koch) Hub.Mor. Ve.ag Forb Perrenial
Ziziphora teniur L. Zite Forb Annual
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Table 2- Mean characteristics of soil surface cover and S. kerneri species in the studied areas in Mazandaran

province
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Table 3-. Mean habitat characteristics of .S. kerneri species
@K'ﬁ-ﬂﬁ) Slo st r—-‘-ﬁj 050 ﬂj'cfﬂ
Habitat Charactristics Ahansar Razen Sorkhabad
(o02) o 6.5+66.5 1.02468.1 5.3475.1
Sand (%)
(M)D) s«\u-u
6.9 +£24.6 1.4+£25.5 5.6+16.5
Silt (%)
o
(202) 1.0148.9 0.946.4 0.8448.4
Clay (%)
pragwn!
) 0.7 8.7 0.31£8.3 0.46+8.4
pH
et il ) oSl el 24247 0.95+2.1 0.7141.3
Ec(ds/m)
Sal
(222) 424438 32454 1423
Lime (%)
I
02) e 0.34 £0.52 03408 0.2 40.42
Organic carbon (%)
(1) &)
0.02 £+0.04 0.02 +£0.06 0.025 +0.02
Nitrogen (%)
Ll e
& ')L) o0 0.7 £39.2 0.45+39.4 0.514+39.3
Saturation (%)
CAE o2 yame 00 0.02 +1.33 0.03 +1.27 0.04+1.3
Bulk density
(o ot ©m3 1) ot iz 0.1+1.74 0.17 +1.72 0.4+0.7
Aspect
(Ao 3) cu
17.6 £56.4 16.6 +39.6 15.3+42.1
Slope (%)
) gl
(ﬂ) (Gl 124 +1575 63 £1128 61.4£1316
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[
(o) s 0.6 +1.07 0.57 +£1.37 0.32:£0.64
Organic matter (%)
. Z Lo
(f:] 7 f;“’lﬁ) = 279 £376.6 131 £289.3 187.4+£323.2
Potassium (mg I%)
U 00 ) s 15+3.2 1.9+43 1.242.08
Phosphorus (mg I'%)
Lnishoe) 4l 2y B 42 +302 4.7 £292 49.94+298.2
Mean annual precipitation (mg 1Y)
15 ) eVl Lo e b
LA o) e 0.4 +12 0.4+145 0.31+13.1
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Table 4- Important and affecting variables in plant cover changes in S.kerneri habitat
W g_)\:r.u‘ 6\.&}&.&

p* F* o ol uilisly ao s
Selected variables Explained variance percentage
Lo2) oot 0.002% 3.3 28
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bl i Cem
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Figure 2- Distribution of plant species in relation to ecological factors (the abbreviation of the species is given in Table 1)
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Table 5- The results of finess of Generalized additive model with respect to significant explanatory variables

e ke ST sl e p* F*
(Sand%) -ps s> 1978 0.000001** 116
(Silt%) o 2o s 2147.8 0.0001* 8.1
(Clay%) v, o5 1978.1 0.00001** 12
(PH) azy sl 1314.8 0.00001™* 30.6
(e mieny gd) S S S0 eyl 1966.8 0.00001™ 10.8
Ec (ds/m)
Sal as,s 2312.7 0.005™ 46
(Lime%)
S JI o Saos 1985.8 0.00001" 11.4
(Organic carbon)
I o5l ass 1894.9 0.00001™ 18.7
(Nitrogen%)
(e el 50 5) S g plb o pmine o35 2376.8 0.019* 3.50
Bulk density
s g 2295.1 0.004™ 4.8
(Aspect)
(o) Lo o 51 glis) 2179.7 0.0002" 1.7
Eelevation (m)
S Y s 2392.2 0.02 3.2
(Litter%)
5 S 5 Kiw Sy 2209.8 0.0005™ 6.6
(Stone%)
S Jlosle ao s 1895.8A 0.0000001** 145
(Oraganic matter%o)
(A g p S ) S sy 2082.2 0.004" 5.2
Potassium (ppm)
i o She) S as 1985.8 0.0002"* 9.1
Phosphorus (ppm)
e ) 9Vl S50 0 Kka 2078.1 0.00001* 9.2
Mean annual precipitation (mm)
(18 b)) eVl &l 4 s 0 Kke 2110.8 0.00005™* 8.7

Mean annual temperature (¢)
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Abstract

Understanding the ecological characteristics of plant species and how they respond to
environmental factors provides information necessary for vegetation and rangeland
management. Due to the importance of Salsola kerneri (Wol) Botsch species in soil protection
and forage production, in this article, its ecological needs are studied with an emphasis on
determining ecological factors affecting vegetation changes and investigating the response of
this species to changes using Canonical Correspondence Analysis (CCA) and Generalized
Additive Models (GAM) in Mazandaran province. The results of Canonical Correspondence
Analysis (CCA) showed that environmental factors such as percentage of clay, soil sand,
geographical direction, acidity, percentage of saturated moisture, percentage of organic matter,
percentage of soil lime, and average annual temperature in the studied habitats, respectively,
with the expression of 10.3, 2.8, 4.1, 3.3, 1.6, 1.4, 1.3 and 1.4% of the variance in the plant
composition had an important role in the vegetation changes in the studied habitats. The results
showed that the response of S. kerneri species to organic matter percentage, organic carbon
percentage, soil nitrogen percentage, and soil litter percentage follows the monotonic decrease
model. The response pattern of S.kerneri along the clay (%), soil specific gravity, altitude, mean
annual temperature, potassium (ppm), and phosphorus (ppm) followed the unimodal model, and
its optimum growth rate for these factors was 11%, 1.1 g/cm3,13C°,1700m,12.5°C, 700 ppm,
and 5 ppm respectively. The response of the species to the geographical direction is such that
the eastern slopes have the highest percentage of vegetation and the northeastern slopes have the
lowest percentage. It is distributed in lands with high to relatively high slopes, but it has better
performance in slopes of 40-50%, although the response of the species to this factor was not
significant. The species response to the percentage of soil sand and silt and stone and gravel
followed the bimodal model. The study of the reaction of the species along the slope of the
topographic and soil factors provided valuable information to determine the ecological needs of
this species, which can be taken into consideration in the rangeland's improvement operations in
similar areas.

Keywords: Ordination, Salsola kerneri, ecological factors, Generalized Additive Models
(GAM), response curve.
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