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Abstract

Arid and semi-arid regions of Iran face significant challenges in establishing vegetation due to soil salinity,
lack of organic matter, and low water retention. Capparis spinosa, a native and drought-tolerant species, is
considered suitable for land rehabilitation. This study examined the interaction between Zeolite, a mineral
soil amendment, and arbuscular mycorrhizal fungi, a biological agent, on soil properties and the
establishment of Capparis spinosa L. The experiment used a factorial design with three Zeolite levels (0,
150, and 300 g per planting pit), three mycorrhiza levels involving Rhizophagus irregularis and
Funneliformis mosseae, and two plant ecotypes—Alborz and Yazd—with three replications. Soil
physicochemical properties and plant growth indices were measured at the end of the growing season.
Results showed that the combined application of mycorrhiza and Zeolite significantly enhanced most soil
properties and growth indices of C. spinosa. Notably, soil organic carbon increased to 0.93%, up from 0.56%
in the control, along with a 65% rise in organic matter when applying 300g Zeolite with Funneliformis
mosseae. In this optimal treatment, the establishment rate reached 96%, compared to less than 50% in
control. The Alborz ecotype demonstrated superior nutrient uptake and chlorophyll accumulation. In
conclusion, the synergistic effect of mycorrhiza and Zeolite significantly improves soil quality and promotes
C. spinosa growth under arid conditions. This integrated method offers a sustainable strategy to enhance
seedling survival and restore vegetation in Iran’s drylands.

Keywords: Arid ecosystems; Drought tolerance; Nutrient uptake; Soil physicochemical properties;
Sustainable management.

How to cite this article

Sabet Kheirabadi, A., Yegnaeh, H., Bahadori, F., and Niknahad, H. (2026). The Synergistic Effects of Mycorrhiza and
Zeolite on Improving Soil Properties and Establishing Capparis spinosa L. under Arid and Semi-arid Climate Conditions
of Semnan Region. Desert Management, 14(1), 107-26. DOI: 10.22034/jdmal.2026.2078482.1519

This work is licensed under a Creative Commons Attribution 4.0 International License.


file:///C:/Users/m-pc/Downloads/www.isadmc.ir
https://doi.org/10.22034/jdmal.2026.2074678.1526
https://doi.org/10.22034/jdmal.2026.2074678.1526
https://doi.org/10.22034/jdmal.2026.2078482.1519

46 Journal of Desert Management, Vol. 14, No. 1, Spring 2026, pp 45-60

Extended Abstract

Introduction

Arid and semi-arid ecosystems are among the most environmentally constrained landscapes globally, where
vegetation establishment is mainly limited by low soil organic matter, high salinity, poor nutrient
availability, and reduced water retention. These combined constraints hinder seedling survival, weaken
plant-soil feedback, and speed up land degradation. As a result, restoration efforts in drylands are
increasingly focusing on combining stress-tolerant native species with soil amendments that improve soil
functions and stimulate microbial activity. Capparis spinosa L., a perennial xerophyte shrub, features deep
roots, high drought resilience, and moderate salinity tolerance, making it a promising candidate for
ecological restoration in degraded drylands. Nevertheless, early establishment remains a significant
challenge, especially under saline and nutrient-poor conditions where rhizosphere functionality is limited.
Beyond soil-related challenges, intraspecific variability significantly influences restoration success. Ecotypes
from different climatic regions may vary in physiological plasticity, nutrient uptake efficiency, and
compatibility with soil symbionts. This study selected two ecotypes—Alborz (semi-arid, with somewhat
higher precipitation) and Yazd (hyper-arid, saline-prone)—to evaluate how populations respond to soil
amendment strategies. Analyzing ecotype x soil amendment interactions provide valuable insights into
selecting suitable plant material for dryland restoration projects. Natural zeolite, known for its high cation
exchange capacity, porous structure, and ability to retain soil moisture while alleviating salinity, is often used
for soil improvement. Arbuscular mycorrhizal fungi (AMF), especially Funneliformis mosseae and
Rhizophagus irregularis, enhance nutrient uptake, carbon transfer, and soil structure by forming extensive
hyphal networks. This study aimed to determine whether combining natural zeolite with AMF inoculation
could improve soil properties, physiological performance, and establishment success of two C. spinosa
ecotypes in arid field conditions.

Materials and Methods

The experiment took place during the 2024-2025 growing season at the Agricultural and Natural Resources
Research Center in Semnan Province, Iran, which has an average annual rainfall of 120 mm, an average
temperature of 22 °C, and an elevation of 1138 meters. The soil was classified as loamy sand, containing
23% clay, 45% silt, and 32% sand, with a pH of 7.43, electrical conductivity (EC) of 2.22 dS m™, organic
carbon at 0.56%, and organic matter at 0.97%. The study employed a 3 x 3 x 2 factorial design in a
randomized complete block setup with three replications. Treatments included three levels of zeolite (0, 150,
and 300 g per planting pit), three types of AMF inoculation (none, F. mosseae, R. irregularis), and two
ecotypes (Alborz and Yazd). Zeolite rates represented control, moderate, and high yet manageable field
application levels. Two-year-old seedlings were planted in 30-cm-deep pits, with AMF inoculum applied at
planting. Each treatment contained eight seedlings, totaling 432 plants. Soil samples from 0-15 ¢cm depth
were analyzed for pH and EC using saturated paste extracts, while organic carbon, organic matter, and total
nitrogen were measured to determine the C/N ratio using the Walkley—Black, Kjeldahl, and other methods.
Leaf chlorophyll (including a, b, and total) was quantified with the Arnon method (mg g~* DW). Crude
protein, total phenolics, flavonoids, and alkaloids were assessed via Bradford, Folin—Ciocalteu, Zhishen, and
Harborne methods. Data analysis was performed using SAS 9.1, with mean comparisons made through
Duncan’s multiple range test (P < 0.05).

Results and Discussion

The combined use of zeolite and AMF markedly enhanced soil quality and seedling establishment in dry
conditions (Tables 2-5). Compared to the control, integrated treatments raised soil organic carbon, organic
matter, and the C/N ratio, while decreasing EC and slightly lowering soil pH. These changes indicate
improved nutrient retention and reduced salinity stress—key factors limiting plant growth in drylands. The
greatest benefit was seen with 300 g zeolite and F. mosseae, where soil organic carbon rose from 0.56% to
0.93%, and organic matter increased by about 65%. This significant improvement underscores the potential
of synergistic amendments in combating soil degradation in arid environments. The enhanced organic matter
content is crucial for improving soil structure and water holding capacity. Likely, zeolite improved cation
exchange and water retention, while AMF promoted carbon stabilization through hyphal growth and
rhizosphere aggregation. These synergistic effects boost plant—soil feedback vital for restoration. Seedling
establishment was highly responsive to treatment interactions, with a maximum rate of 96% in the Alborz
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ecotype under 300 g zeolite + F. mosseae—almost double the control (<50%). This shows that
improvements in soil structure, nutrients, and microbial symbiosis directly support early survival under arid
stress. Physiologically, combined treatments increased chlorophyll content, reflecting enhanced
photosynthesis. Higher phenolic and flavonoid levels indicate stronger antioxidative defenses and better
metabolic resilience under salinity stress. Correlation analysis confirmed positive links between
establishment rate and soil organic carbon and organic matter, and negative links with EC and pH. These
results affirm that soil carbon buildup and salinity reduction are crucial for successful C. spinosa growth in
arid zones. Ecotype differences were also evident; the Alborz ecotype responded better to soil amendments
and mycorrhizal inoculation than the Yazd ecotype, especially in chlorophyll levels and establishment
success. This differential response highlights the importance of matching plant genetic material with specific
soil amendment strategies for optimal restoration outcomes. Further research could explore the genetic basis
of these ecotype variations. This suggests that effective restoration depends not only on soil management but
also on choosing ecotypes with greater symbiotic responsiveness and physiological flexibility.
Understanding these complex interactions is key to developing robust and sustainable land management
practices.

Conclusion and Implications

This study shows that combining natural zeolite with arbuscular mycorrhizal inoculation—particularly
Funneliformis mosseae—significantly improves soil health and the successful establishment of Capparis
spinosa in arid field conditions. The best treatment (300 g zeolite + F. mosseae) achieved 96% seedling
establishment, nearly twice that of untreated controls. These results emphasize the synergistic effect of
mineral amendments and biological partners in repairing degraded dryland soils. By enhancing soil carbon,
nutrient levels, and microbial activity while reducing salinity stress, this bio-mineral method offers an
affordable, scalable solution for large-scale dryland restoration and combating desertification. The
practicality and cost-effectiveness of this approach make it highly relevant for regions facing severe land
degradation. Its application can lead to improved ecosystem services and enhanced biodiversity.
Additionally, the varying responses among ecotypes highlight the need to combine genetic resource selection
with soil management practices to boost restoration success in climate-challenged environments. Future
work should focus on long-term monitoring of restored sites to assess the sustainability and ecological
impact of these integrated strategies.

Keywords: Arid ecosystems; Drought tolerance; Nutrient uptake; Soil physicochemical properties;
Sustainable management.

Fig. 1 Field establishment of Capparis spinosa L. seedlings under arid climatic conditions in
Semnan during the experimental period.
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Table 1. Soil characteristics at the Semnan Agricultural and Natural Resources Research Center

Soil Clay Silt Sand H EC-dS OC- OM- AP -mm MT- st A-m
property (%) (%) (%) P m! % % year™ °C

Value 23 45 32 7.43 2.22 0.56 0.97 120 22 Loamy Sand 1138

OC: Organic Carbon, OM: Organic Matter, AP: Annual Precipitation, MT: Mean temperature, St: Soil texture, A: Altitude

Table 2. Average changes in specific soil properties across various levels of zeolite and mycorrhiza in two
Capparis spinosa populations.

. Zeolite level- Mycorrhiza OC (%) = OM (%) £ C/Nratiox EC(Sm™)=+

Population o hole ! type SE SE SE SE pH £ SE

Alborz 0 (Control) No mycorrhiza ~ 0.56+0.02c 0.97+0.03c 9.8+0.4c 2.22 +£0.05a 7.43+0.02a
Alborz 150 R. irregularis 0.78+0.03b 1.35+0.04b 15.2 £ 0.6b 2.17 £0.04a 7.40+0.02a
Alborz 300 F. mosseae 0.93+0.03a 1.60+0.05a 239+0.8a 2.05+0.03b 7.38 £0.02a
Yazd 0 (Control) No mycorrhiza ~ 0.55+0.02c 0.95+0.03c 10.2 £0.5¢ 2.25 +0.05a 7.44 £0.02a
Yazd 150 R. irregularis 0.72+0.03b 1.28+0.04b 14.8 £ 0.6b 2.15+0.04a 7.40 £0.02a
Yazd 300 F. mosseae 0.88+0.03a 1.52+0.05a 22.7+0.7a 2.03 £0.03b 7.36 £ 0.02a

Values are mean + standard error (SE). Different lowercase letters within each column indicate significant differences at the 5%
level according to Duncan’s multiple-range test.

Table 3. Plant establishment percentages across various treatments

Population Treatment Establishment (%) + SE Duncan letters
Alborz Control 6821 C
Alborz Zeolite 150 + R. irregularis 84+18 B
Alborz Zeolite 300 + F. mosseae 90+1.6 Ab
Yazd Control 65+2.3 C
Yazd Zeolite 150 + R. irregularis 78+19 B
Yazd Zeolite 300 + F. mosseae 8517 Ab

Values represent mean + Standard error (SE). Treatments sharing the same lowercase letter within each column are not significantly
different at p < 0.05 according to Duncan’s multiple-range test.

Table 4. Average chlorophyll and metabolite levels in Capparis spinosa leaves

Population Chlorophyll a Chlorophyll b Total chlorophyll ~ Total phenols  Total flavonoids
(mgg'DW)+SE (mgg!'DW)+SE (mg g! DW) (mg g! DW) (mg g! DW)
Alborz — Control 0.54 +0.04c 1.14 £0.07c 1.68 £ 0.09c 8.4+0.5¢ 1.23 £0.08c
Alborz — 300 Z + F. mosseae 1.43 £ 0.06a 1.93+0.10a 3.35+0.13a 9.6 +4.2a 3.45+0.16a
Yazd — Control 0.68 +0.05c 1.11 £0.06c 1.79 £0.08c 9.8 +0.4c 0.68 = 0.05c
Yazd — 300 Z + F. mosseae 1.51 £ 0.05a 2.14 £0.09a 3.65+0.12a 8.9+ 3.9a 3.52+0.14a

Similar letters within each column indicate no significant difference according to Duncan’s multiple range test (p < 0.05). The
significant increase in all biochemical traits under the 300 Z + F. mosseae treatment indicates stimulation of photosynthesis and
accumulation of secondary metabolites in the presence of mycorrhizal fungi and zeolite.

Table 5. Correlation matrix showing the relationship between establishment rate and soil properties

Parameters Establishment (%) OoC oM CIN EC pH
Establishment (%) 1.00 0.82* 084* 071* -068* -074%*
ocC 1.00 093** 0.78* -056* -061%*
oM 1.00 074* -059* -0.66~*
C/N 1.00 -0.48 -0.42
EC 1.00 0.83 **
pH 1.00

*and **p <0.05 and p < 0.01 levels
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Fig 2. Changes in OC, OM, and C/N ratio across different zeolite and mycorrhiza treatment levels.

Plant Stat (%)

P N W b 0O O N 0 ©
O O O O O O o o o o

1.8 - - 25 el OC (dashed)
il OC (s0lid)

— 16 - = OM (dashed)
g 14 - - 20 OM (solid)
o3 4 == Alborz (red)

1.2
Q L 15 2 —e— C/N Ratio (dashed)
S 1 b=
‘\o’ x CIN Ratio (solid)
o 0.8 pd
& - 10 5
< 0.6
8
; 0.4 - L5
o

0.2 -

0 T T 0
Control R.irregularis 150  F.mosseae 300
Treatments

m Zeolite 0%
B1Zeolite 15%
e Zeolite 30%

Alborz - Control Alborz - Alborz - Yazd - Control Yazd - Yazd -
R.irregularis F.mosseae R.irregularis F.mosseae

Population & Treatment
Fig 3. Impact of varying zeolite levels and mycorrhizal treatments on the seedling
establishment (%) of Capparis spinosa L.






0Ly Cypan agpiti o
WWW.isadmc.ir

Ot Pk Bblie JSTS 5 o e gale Ganl

ol Ly 33 508 oS skl 5 S STt Sguae 1 SIS 3 50950le il ol
C’l. n! . s &

T olgiSs drem ¢ 6yl w50 T A e g0l el e

Rl S5 0l  (ormb @l 5 (55)5LaS pole oAl @00 (cmiies g psle (6555 (92etils )
ORI QB S (b i 5 659l psle olRasly Losils Y

Olrl elioms lioms Gl (orb glie 9 (65)9laS Slandod 35 50 lotils ¥
yeganeh@gau.ac.ir : Jgiwe coiw gt

VO /Yo by gyl YBR[ AT el s Gl
© 10.22034/jdmal.2026.2078482.1519

RV

GRS by 5 (T olyo 9508 (5550 doany (8l (idsy il 3 saz slagille L ol Sisaes 5 Sis bl
5 sl () sl (gl clie ( St a4 polie 5 05 (slassS (Capparis spinosa L) ;.5 ol aui e 4 >lse Cogb, ol
st =S S Al 5 S sl Fhs S5t = rysSalos (s Jsle 5 Sy ame So3al (lidlen b sl tagy
Funneliformis 15,5500 7,18 zlaw aw o Jlog5 10 ¥+ +0 510+ a0 odgs) mhaw aw b Jo ysS 7, b B o iolosl o
5 =S jmd sla S o b plodl I SGaw by oy g5l a5 o xex g0 g aali g Rhizophagus irregularis  mosseae
= g 9 15,0l oS ).ul_s aS sloglis gmlas wad g ojlasl o, Jead L o olS al) sla adli g S Slheds
L iali8l S T 58 50 052 Ot i 992 S (550 minn gm0y 18 oL 0y sla sl s SUs sla Sy st
I s950le ,l8 oy, em a s Yoo o dgs) olojor Lo ;0 SLS JToolo /80 (iul5 3l o imen 9 7+ /0F ol i ay o /0 /AY
cigS 05 0 5 S wal il (L ;o a Sl jo i 785 an Lol E wl oo 5 ol ssalie Funneliformis mosseae
O e ge Sl g 1050l )8 (sl Slee S e g 8lgy0 0l Gl B IS il g sslie a0 (st Gl S
5 LaJles Slaonss Gialidl sl clin by ilsiean g oo SCis Ll d 0 55 ws; slaasls ol s SLs S pSote
o Gyl Sz Ly s LS g sl

Sl Copae « SB Sleordso 58 sl Sy (sdie dlge Lz ( Sid 4y oot «SiS lopansST ool o F5lg

Ao ol 4 slocw!

Lylys o 15 olS il o S sl She oo » Codss) 915,000 ol ,uL' OF ) e ,0losSs 5 4l )8, 5,0l ¢ S « e, g0l s el
DOI: 10.22034/jdmal.2026.2078482.1519 F5-5+ « 1 F(F) 1 5bl oot liams dibaie St g S ool

This work is licensed under a Creative Commons Attribution 4.0 International License.


http://www.isadmc.ir/
https://doi.org/10.22034/jdmal.2026.2074678.1526
https://doi.org/10.22034/jdmal.2026.2074678.1526
https://doi.org/10.22034/jdmal.2026.2078482.1519

oy

e 2 953 9 32 95ale 13300 5T

Wlgiee 5 Sleee a8 1) Sl g Inysile slag 8
2 el (S5 ae Qb eaiiS i
Sz gble ;5 (2L e kol gloasly coids
o) oS Mol 0, )5 3l sla L jo ame ol
P G Gl el jshiea S Jase
wdF 18 ORaegh axgi 9y SiS slapiucsS]
Sl oSy Sen S lsSile slog o
Gk ol o g B Gl SISl el (o0 gaone aly; Laone
yobie Qi g ads) Sleogas (S 69, Dl slxl
o el (Si a5 Ll o ol ool o Ll
IS o b Gl e g (1F) 35
Sz 1590 (i SISl 18l g Cagh; CllagSS vguge
Sz bl o SB olerdisSosd sl Shy W)
Jols cobl by b ledgsy K0 (sew 3l e g0
debe Slssdls ol Gl Sl uizmes 9 YU (SaslS
8,195 31 oty sl ol J 7S (g5ke ol31 g pguigel aiile
@b Rl ed g 008 e ) bt sladeS
(OF) $9d 525 aloond SlossS ainge Srae sl dasgS
Sygots Jalse onl 51 S o Cude Gl i1 5155 0929 L
2 ol plg @il sl sogame Sledlbl wlElos
ool Ll e S b shEd g S sle S
gol> iy Baa b cpl g o)l vy ol S
35 5 VoSl sliysole mili Glely 18l (s
Fr S aledsSond Gl Shy » Sdd;
GisS] 90 Ll do o g e S3ele a8 sla el

551 ows alhate S5 el Lyl d o 5 oS

b gy g olgo M
I VEXINEN el Jlo po ol raghy
Obl rmb b 5 g5p5laS ol o Dlaniow
SAVVYAM £l b sy ys 3y50 ddlaie o [zl ol
Sk eSle 5 Sas ol sl Ly b
2ol YY°C aYlo Sl les 9 VYemm aYLs
OF-e1YYY) dle Ve coeady gleosls Ll
S gl oals ailoes liaws cwlidilgn oKyl

douio M

2 QLS b oS Sgamme Jelse (n ot 3 (S
15 (D)l Ol sgeeS S dew g i gblis
Sl Gl vgeS Bk Sl Ses sbls
S Bk sl ol 3 g ps g had bl
ol o3y om 5w ol el ol slaasye
Lol ol ogd oo Jlb sl (ulus (50,98 59 o594
Sl glasnlp pad wiST da Jlg iy palS g
b en 2hoble 9 i P WadS g (b

b S Gl b coddse (Rl sl )cnl)
Canb 3 d9zse ol Gl culie laghy, b cwss
9 3oy Pl 1) 5,5 5 o5 525 9 9,5 i Coslital
Coddge Loy gleaiss 5l eolaill Lo gom 5 o
RS oS O AN s, S w4 |, SIS
Bble  cog dluaiz axi>,o Capparis spinosa L)
oo | (6510565 1 ddaslgds oS ol SliSdas g S
5 Sos 5 (S Gl 4 ol Jood (e glady
&ly cilie sl 3 ¢ Jaimme aeluls blpl b (o5 5ke
Cge S Sblis g (Al ibe sl glaadly
» 88 gl sladle Goe JhEd (o ool b ogd o0
Jedoa sy adel e )0 ohusa wslas )z Lalyd
Min b el S lands 5 Supd slacusgima
Trhe 295 mre ol S g 4 obS ol el ol jen
Sl S oge g adyye o)l glo S e JS sl allsz g 005
ool 3 OF) Wisd oo Gpas gl 5 ol Glas
Jold 55T olS Sglite cosST b Cumen 93 g
Loce a5l a5 W bl o owssST 5 5,4l oussST
G bl able 5 olRigg, Ll (ool
il sl aie patin bl gl (e
blyd g i Conity (S b gblio 5l a5 Liss
4 3o on sST (Blie o g Sl edle el
Ll e Jasads gl il b el g SiS slae ]
Gl loglds pwjp SBua b oS g0 cnl Sl
s S g S sled 4 (Slles S
b S Lulyd s ol @Bl Jeily 2b5)
ol s Jobow 5l daglin oyl s plodl lions
Ol 35 5 (2L laiurex SIS o Shy o



Pr GO ko F+0 gl 0yl 92,4 JUw bl S e @0 oY

i Ll S5 4w b (RCBD) ol LelS clacS'sly
2285 18 2hl 0see Srlesd oS VA ggeme 5
oL FYY goame 0 a5 04 Jlb A Jolis ciule;] ol
aols Lolsy csls il o eolizal anlllae ol 4o
Sblie 5 5 oS i8S ) 2] slo Jaallpios
&l g §5y9liS Slidiod 35 5 Sl a2 g S
YoM Goe U 5o cuils sl Jlogs .ol bl ol
g Wb iy adgl jlEul 6l e Bes (lyea
i Jlesl clS o 4 7,8 5 cudss e
aolol VFoY o g lel VELY g 5l ool
oS sty a3 bl 2 Gl el cnl 28l
=y st g dilaie S A8l o Capparis spinosa
b ol K5 g )T bl o Jls il 6l i,
ol 1 5 o les il azlyd JulS b)) Sl b
5 sl JalS i, b S Jobo o S o3
s el bl 5 sl L oo o ays5ale @8 el
2 ey Jad bl e (kS 5 SB 5l gl paises
O JS8) adebml VFY es o ol e
o S Gl Sy 5 olS Sisdnnd sleasls
Jad obb o W F g uSelwl bl o, caus
ol Cad & bl el aeye ool o,
5 0asarils’ slaJlos JS @y bad Ll 5o 0y slo
S Gaes jlewd o 3l aelsl jo g 0l dule Jles o
Jols olayallh g al clloy YOCM U jao Ges
el ojlac 5l oolaiul b (S sl colan g S STy
gy 4 S OC 5 I osle ainds (g,S0shuil S
@ U5 Giar slde 5 (10) WS s S (Sl
Jols alS slaasls () el Cawsas JlAl=S o,
09551 9y ool 32 U5 U89l 50 Jd,lS ks 5
039 £ 0 PR w5 ead 5ol
sy 4 el i ke (1)) Wb Bl 5 S
T Job 10 9 b (owbesS Bpme losliiul b o580 5
Uiy 5l eslial b S 8 (1Y) ab e H30NM
SSe sl YEONM g0 Jsb o 5 52l g il

adsl slaShy b (b od b sl G
IFY PH XYY o8 SR8 cdew XY, s els
&5 5,155 +/2Y OM 4 7+/0% OC .Y/¥Yds/m EC
(V Jgo)

Tl ooll 2 VX Y x ¥ S ©js0a (talos]
Jolse aSiass 1ol 1S5 a b dolas LolS slacSsly
5l dog ke ioles]

Verg 9 100 o Jold cudgly Brae gk
bl e ol ol oy <uslS IssS jn shla
bl Sl slaow,r 0 @ml) Bras sloanls
wegie l il o olel ol (Sisdas g i
N9y syp Sy celio 0215 akels gy Bua b
aals opliad Sbl cudgs; Brae 4 olS mul
1y ok gl g o Gloe haw (o) wald Lo Jols
il ol syl el 5 g L2l LE ae b
Slxl pen 1y bl il § S o Sy 2 <og;
sloanie feod b S 0 (o5 lacosgacs
G )3 Sl S8 BB S oo oal 2 ailinadly e
S5 GHIAL Gl peS egls b (ol Clg) pol>
s oolitu] juSi gloosS

3 eslitl b YeSug)l (sl ysSole slog B ils
Rhizophagus 4 Funneliformis mosseae sle z,18
Ohye yebdcan; &S 8 5l e gly>l sl irregularis
akd dojonl ol Jol> pw ol 5 0D a4y
bz i,z Glaan 5 ol oisls slaals,
b plxl bl s b plopen 1050k il g
cis dlr o gly 7l Vg i ploj jo aS(5,5ba
s b s lod U adools J1 3 dl> a5 o
g )8, Capparis spinosa alwgs sle Jls slads,
i Jloel 15550k eeils aisS e walds jlos o

sl g 0 95l icaissT 90 )0 (LS Cusex
s ool alol FYY slaws 4y (g,d Lice b allis g0

9,155 d 5o ol o8l bl e 50 )b
@tad 5t B ad ol e Jolal glacasdss b
D9 dieS

IR % S WL FRCHIAERS; R



Of

e 2 953 9 32 95ale 13300 5T

G Sy o (S 8 S el 10 | mlas
Excel 2023 13810 5 b stoss o loges g ol dwlxe

g

S ab ais wddplbyl clagslSly ulol
2 e 23 1,0l )8 i 5 gty o938l
olpiedr Sy olee ol o el S sla S
slz,B L oS5 0 SB Gose cdipodgyy S
sla Sy ool jo 5550 G GYsSnl 5,500k
25 Wl yawgn ) ) 2l Gy S ol

o3litul b g (pda gy oolel 32 S 988D (1) w8
2 e FYONM 50 o 15 0y IS piznsl] 25T,
23 Oase Ghy bl 55 U5 asdIT Jlade 5 ()
(F) ol g pFesll 0F M zoo Jsb )0 (5,5 23> by
5 Sgdeid Gla)lgle i plaieas laasls (ol
oS b owyp g bl JhE 3 She SIalie
S g g sl S5l 4 Capparis spinosa
G 5 JeSe sl asls flgieds g aiad (g S0l
23,8 8 eolatl 090 il ws s s S sl S
039 5 2 0 oole p S e e b o oles
B IS Sy S
Jedosi g 4350 SAS 9.1 13816 53 51 oolatil b aools
38 SSls (glarslsais yge3l b o Kilis duslie g aiuus

Ol lisw! crb 2o 9 (6559l Slidas' 35 0 S s (SHg ) Jgu

’:.“ 7E ‘s / .)La / uﬁl) . é .- K “ 55 |
& 5 sy el el pH dS-EC w{ o aldle Seb sl hugie glos i,
Sl m! S S (mm) (°C) (m)
e YT fO ¥Y o VIfY vy -1o% RV i e VY- Y VYA

()

b3l 090 (b b S conlBl Lyl )0 1S oS slaJles sl N S

25 Sore 99,312,800 HB g Culgh) it ek H1 50 S sla Shg (B p Ol (2o ¥ Jgux

EC

S JosleS sy Sl Jes () Sk (h) CIN (dSm?) pH
5 (aals) - (aals) z,6 g “[+YE.[0SC  -/AVE.[-YC AL /fC YYYEe[-0a  V/fYE./-va
5 V- R. irregularis IVAE-/e¥D  A/voxe/ofb NOYEesD YAVEL¥A VIFEe/eva
5l Y- F. mosseae -/avt./-va Vi SRYY:! YYAx-/Aa  Y/-0%-/-¥b YIYAL-/-Ya
Y (aals) - (aals) g, g -/O0E/-YC  -/0E/-YC  Ve/YE-BC  Y/Yox-/-08  V/fFE./-va
o Vo R. irregularis SVYEe/ovh yvAReefD VEAResh Yhote)eva V/fE-/-Ya
o5 Y. F.mosseae <IAAE- /oY@ VoYE-/-0a  YY/VEeva o Y/evxe/ovh vivsxe/eva

2 Sglite gy > gl sla Silie 45 aied o Hlitd (w3l Sz g8 g > b slael astis SE) o lailiul lls £ .Sl Jgaz S5 polie imdes
Al o sime BB Sl slasaloass gesl el 5 70 Jlis! o 10 g o



Pr GO ko F+0 gl 0yl 92,4 JUw bl S e @0 8

el 2l Slga
@i [CI g Nat e Sg o3l plsear ool
S I y0 1olos S 6 S ol (el Wl slagluy
Gracy yolie Qi S5 Gl b1y sl £)B
4 Jolie yawgi, o |y NalK e Ca g K o g
oads o 135 (V) Liwgh ;0 wlie doed Ll aiils
o1y oS Cglan 4z g5 L5 2alS 5 a a8 o
5 Sl il S D3l olge Srae lajles
33,5 ol EedsSie g
gl SRl 4 aal o (OH) Sl sy
Soxe 95 2 )0 15,00k slag B il 5 ooy
o PH e ol ol g s Ll Sy ials
Sk s LB Lyls ke (VIFY) sels [l
g Sdhy Yorg glojea 05 S 0wy
& S pH elS c>g0 Funneliformis mosseae
Il Carex jo GalS pl Sul al VY -Yogus
LO=F sgazm po (8l jlers cnl jo 5 0 iden (S
Ol L 15500k ) s, cud sl 4 Cod
le JT slaanw! miy g lbady, owiad ol
s Catigluslyl el jhmgn) j0 Soiew 9 SSb
oo SralS azs j0 5 ouls S sl SIS 51 Mg?”
5> Sel Joli b s codgsy ol 03 8, 1, pH
s Lo g 03503 howi S Jslows o 1, HY O%
03,5 wolp 1 ady, wn, L Bl 5 slwb
26 sb,las 5 pH 5 EC flojen ials.cul
— sty 1Rl 2 samaglas (g x 1isSole
el S SO aS Colan g STy Sge p (S
el s S LBl S b da s Gl
yoslhe Capparis spinosa gais, ¢lp LB
(2l polie Cdx iulidl Coge anlol jo aS 0o )5
O3 ok glas,l RWC i ws) slaasls il38
Sl s s ali8l GLL s 5 s el Sas
s Vo Jguz) cewl onds jydl Cexes jo /A7 L

(Y S

gl 9 Sy e RIBIL Comem 90 2 0
CIN cews 3 JI o»,S Funneliformis mosseae
@ls cnl aS (V Jsoz) asly Sl o)l gne j5ba
2 olS o Josle (uali¥l (ogas ;5 (V) (315 L
98Ty o)l SlsF e 15,50k 7,8 5l eolaul il
slat, Lol b a5 0 Jole 90 lidlen I 55!
G 38l il ad e cdsST opl gaslaswgs
v odesy Yeorg alidles 1,0 YW 4 A/A I CIN
slge (5 Il e ,SLis Funneliformis mosseae
2 I oS FAse e Sk byt (ol gseme
il gy slfles lales Cow SL
Sl s 0 Wi &l ol Sl
Sasl atsls guls i Sas sble b
087 oS Siddnid sbasls owyn Bk
sloosls oo jo a9l SLS 5 (g n (Jdg)5
S5y s bosSle gl Sy a5 ol plas S
slacdalio s JS L89S )0 pSeiar lHl cage
.. Capparis spinosa oLS ;o 4346
&9) cLQ)Lo.{.S Jl.o.c‘ )‘ o= S99 6&0&‘0 wl.w‘ »
03 g iyl Cumez g0 2 W EC S S oS culan
Candy Sege ylo a5 sbglas 1) ghlo gxe rals
B by RS S SB plend
SJade wals Jles o Lcwl cdg; 5 Insle
SSolas aS il g uSoslal Y/YAS mt sq0EC
st s Gl L o dilaie S uSila (559
GeS L Sy 0 ot > o Yeeg U
dSm? ssu> b EC /s [Funneliformis mosseae
aASh i cod,b 5l Lol il e Sl svaline
Colsiy sl Jass o Nat sloge o 5 oess
clale gals sawoslis EC pals )b 5l ol
5 2l iz buls gy 5 S0 ol sl



0 e 2 g5 3 1its95le ljlon U

o N ] _.-GC'(I.:_,L'J';.J el
—.—DC(I,;_T{J',a
¥
e OB (ol
E‘W {2 huilzl
a - *Dhi(lufi-llré
3 ]
A, :
s g =m—red)
F e W
= e (] Rzt { ol
{2 huilzal
- s (1] Reatio
{ontila
T T

sl Sl ot W Sl g T
lesd

e e Dbl aoys (STl By >
5yl 2ol A Y/ c
50 Roirregularis + V0. cudg; AT VA b
5! F. mosseae + Y- - cug; +4. /8 ab
S5 bl 20 YIV c
op  R.irregularis + V6. cuJg;  £YA VA
op F. mosseae + Y- - cog; +AO VY ab

oy i
B cdes;iid

= . :_];'__'P-

sl gl i il sl s e R

Firragclaris F.mosisas R.iﬂeg,‘l-lhﬁi F.mni‘;eaa

i 3 Caaman

liseo ‘_;Lh)l.wuu"y) OL&f}',M"" ‘M)s) Y lS.w"



So G FD Olrino VFed kg sl o ko o3, lea JUo (3Ll Cu p20 &1 pul

oy

25 ol Sy 50 (Sglio Ol 5 g Jedg b (el F Jgu

Jedg,ls @ Jeds,5° b J5 Jedo)ls AN J5 sdgigdls Lo | o
(mgg'DW) (mgg'DW) (mgg'DW) (mgg'DW) (mgg'DW) -
/6 -/ fC \NE E-/-VC \/FA £-/-4C AI¥ -/0C \IYYE-/-AC aals — 5l
VY /.50 yAay £-na YIXO E-nva /7 +fiva YIfo £-N\Fa +oudgs; Ve o — 5 JIF. mosseae
<IN E-e7C VA E-/5C VYA £-/-AC A +-/fa /A -1 0C aals— o3
VoY £-/-0a YNE £-/-9a vieo £-/\va A4 £y/ab YIOY -1 ¥a +odesy Ve o — oF. mosseae

Slowi 50 abardion gloasls plad o pxe iol3dl ot (P < 0.05) oSsls 55031 50 So e Golas pae Kilis yusie jo slagysin (o alie By ,>
9 15,050k 2,8 eax 40 gl SlLuS S gex g pwed om0 L300 Z + F. mosseae300 Z + F.\mosseae300 Z + F.mosseae

30 il pedle ((F) o)y Slaten yol> g
olyo 4y 3,650 7,18 5l colannl al ools lias J&)158
GloogS Ay Brae o (Cudgs)) S cusS C)La]
Slao Sgne czge Wlgm(oo (f)lie ;0 Hud olerd
@l b aS (V) 398 )3 oS 3 (2ly) 9 (Seielesd
Egazmo ;0 0l Calhae pol> egh o ol Cowod
7 ey Sk da L el legh @l
5 Sy Sy A5 aes (e ol g o Liles
Sz e S Gl Wlg e 150k slag )l
Al bl LS el woliél s S coas
S0 S 0 CIN s g JTeole i3l ooaliw
15 5 S o5 s Sy e llon oS
L s el 738 jwldl cwl sdse olge Slals
oL Goleyl cudbge atls Loa sals 4 caws
» S
odg sbal g lesoble sz, jo ojls el
Comigy EC L Lo)] 50 053945 c0asdam! slapadils 5
oolaiwl 5,90 O lo0g>g a6 el I a5 ol
@lBlee S oled S5 Olg oo IS jska 0518
Py Corex> g0 o 0 Fomosseae + colgsy Y oQ
Sl plas Jlg el g CIN o JT oole L, 511, o Sles
Sl S Sidnnd sbgasls (P
S g 15,050 7,8 il cog ol adliog.ys

ol.:f ALY 4.*.....:9; (5‘)4 (50)4)[5 G‘DL‘“

Rl GO ki SIS e oS el (S
ol s jor slrailbols drwg &g, baidl
sl glosl Glp Sasegiwy oass

S5l oSt s

Ll Cedgiy

[F.mosseae 15,6k z,B + Z Yoo s o
@l oaslin jpll Cusex o J5 bS50k
Sl YYOmMEE! 4 VEA 5 jasls oyl a5 laisS
30 yidwgid leaidly giolidl @ 1E L asms plas edl
(V) o)l Slgten 15,9800 B rao il 5 oLS slaaisS
S Olye wgigdl g 8 lyrme (al Bl e
el S o8l 5w el jo 2B o sl
B 5 S a5 S S0 (A) dedes
ORIl A e Ghad g ()59 S S g b 1 psSole
(F Jgoz) o Sl ol oluS 5
o8 5Sles « byl 0550 slaosls oluly pien
Joss 5o A8 4y wals 0 100 5l byle o il
L ol ol .cdl ol Fomosseae + oulgs; Y- o0
Fosle 5 Ll G )l (sre g Coe (S 097
)O @».\M—‘S..m.:) WS)J u...cu as W) O»\QLMA.A ’/Af)-")-’
Sile (oo wzp |y ady; SLbI s il welil) sbxl
Sl 6)loaSs cad )l 8 L (S g 51O Jgoz)
Gl g 093 Sas (5e plp 0T dgue Sodg; s
O yaclue >ge “53.1)’.3.)513‘[.@ B s oo
i bl il (gl caslS Ly
¥l 8l alie axl 5 ety Gl
5 S sl Shy sste 2 S 5 Tyl g8
WS i Sis bl sl it il
oIS i ely; LS (o) n o iged (e
Giped @mls b as (V) wis,s i |, S JT esle
Lilaww  olS a5 mizmed Canlinl) o2 Lol>
B o5 Sl e l, olS N ol Ses s o
clasl L IS W, L 5l a5 as saslie 5,sSk



OA

e 2 953 9 32 95ale 13300 5T

S b S99 5wl (LS lh (s (Snod i yilo O Jgu

(0]

oM

C/N

seiee JAY

CIN

pH

s NY
s [AY

EXAA
#e /YA
#+/V¥

\ < /fA—

Do e i ;P <0.01 5p < 0.05 zlows o (65 ire o Sy s 5 %

Oosobel 5 b Sulsy Sl anie (8L
Sy ol eslal ol sl g, 2SS
Lyl s yo obls o sbews o 1 0l
ysssle 2,8 Slojen mali 5l oolaiw! ( SLls
w0 Il yo adesy Vo9 JSlas> 9 F.mosseae
IS pemogbe a5 cils pley e JW
D9 0 Aoy

Cdgy oSy lales a5 slo lis sdelcawsd gl
Casby Laim L 5l (eadmdli slales) yysSile s
Cilyeds 0, Slos olS lhaiul gl el Sgup 9 S
30 G e ol il sals Jls @ Cad g oglhae
Sy dgpuie b s JLall wsye o sxe il
Sl s 4 ecldgsy sl sl o oS slaisSa
5 I osle pyolie YU SslS Jobs cud b 5 Jilsc
ol plojen g oads Lai> (g ge joboas S5 T oS
gy Ay A lp ol Ll obul ol 4
By o St (Son b @l il bl
i Sar 5 oS ool g JT 5,5 b il
(Synergy) ol;8lee a5 aas o ol « pHg EC L ]
b Ao ks sl sz By codsy o
Sl by, G ookml bl asly (e ool
sl oL (plpls .wS oo Jes(Rhizosphere)
Lol ogp b Lt pol> hogyy 0 oS5
385 03 b e slaas alS g Sush,
Seisle e loatls 5 Ll s s Gl 4 coles
el 00l >i0Capparis spinosa

G5 e B
w5 a8 sl L (g pil> egh s
yssole g8 5 cals oS o Yerg ooyl
2 6l s sliéles 5T Funneliformis mosseae
sleasls (B p W) S b Shy dee
S Sl s Jde S alex Sl e Sjsln
S blps o 55 ol Jlg el aalisl
SIS JT sl imljdl a5 aigSpas ol ol
0 Ve 05> I CIN Cs i)l Lo /AY & - /08
128 a4 00 sqax 5l Jlg il s ys ioliél g JYYF
sl sgn daaslis a5 uls Wl Jol>
2 okS ke ol Gl g SB bl s 5d
iy Sy Sis s TYOmMEE ' DW b L, IS
5 olgy lhes Sl ,e UAmggDW b s
g Graweid Cud, b osggp saolis dpeSGle
eyl 5l S g a ol sbs lagwly cosis
St oS5 &5 wedee plis pol> ey s
7B 65 Dbl Ojpe yo i yeSile 58 5 cudg;
slz,b o gylo e s bl (L ol L 155l
Copda ool 3l 1) poleS Gl cus anwgs
Jo ol Sloowsy g5 lPl Ged (S5
oig bl abioble ey o Wl
olosS 5 03 ciliams aile Kis slagliul o aLS
5 090 a5 4 kel el adsi slaaibels



Pr GO ko F+0 gl 0yl 92,4 JUw bl S e @0 2

OB, 0gd so (S15,08 dlowas ool cpl sl Sloys i

oS 5 SL psle dlSinlol (B alpen Sl rizen 5 (g5 508 pole olStils ook 5 Jbe slacules |

sl ySojlal plowl 53 Gliaw olftils (550leS ouSasls 0 wiess Gl Ken 5 (5T b el
Siales oo 6 )lKmbw olbordion g (2l 58 Gliew Gl b mlie g (55,0l Slidss

W References
1.Abuzaid, A. S., & El-Husseiny, A. M. (2022). Modeling crop suitability under micro irrigation using a hybrid AHP-
GIS approach. Arabian Journal of Geosciences, 15, 12-17. doi:/10.1007/s12517-022-10486-8

2.Aghababaei, F., & Raiesi, F. (2011). The Influence of Mycorrhizal Symbiosis on Chlorophyll, Photosyntetise and
Water Use Efficiency in Four Almond Genotypes in Chahar Mahal va Bakhtiary. Journal of Water and Soil Science,
15(56), 91-101. doi:20.1001.1.24763594.1390.15.56.7.7. [In Persian]

3.Ahmadi Azar, F., Hasanloo, T., Imani, A., & Feyzi Asl, V. (2015). Water stress and mineral zeolite application on
growth and some physiological characteristics of Mallow (Malva sylvestris). The Journal of Plant Research, 28(3),
459-474. doi: 20.1001.1.23832592.1394.28.3.1.0. [In Persian]

4.Calis, L., Kuruuzum, A., & Ruedi, R. (1999). 1H-Indole-3 acetonitrile glycosides from Capparis spinosa fruits.
Phytochemistry, 50(7), 1205-1208. doi:10.1016/S0031-9422(98)00669-4

5.Emami A. 1997. Methods of Plant Analysis (Volume I). Soil and Water Research Institute, Publication Bulletin No.
982. Tehran, Iran. pp 128. [In Persian]

6.Faghani, E., Goudarzi, M., & Safarnjad, A. (2015). Effects of Mycorrhizal Symbiosism on some physiological
characters of Sesbania aculeta against water deficient stress. Applied Crop Filed Research, 28(106), 37-44.
d0i:10.22092/AJ.2015.105674. [In Persian]

7.Farhadi, D., Asghari, H. R., Amarian, M. R., & Abbaspour, A. (2016). Effect of Zeolite and mycorrhiza on some
morphological characteristics and yield of maize at different levels of soil phosphorus. Journal of Soil Biology, 4 (1),
39-52. d0i:10.22092/shj.2016.106757 [In Persian]

8.Firouzeh, R., Khavarinejad, R. A., Najafi, F., & Saadatmand, S. (2018). Effects of gibberellin on contents of
photosynthetic pigments, proline, phenol and flavonoid in savory plants (Satureja hortensis L.) under salt stress. The
Journal of Plant Research, 31(4), 894-908. doi: 20.1001.1.23832592.1397.31.4.12.4 [In Persian]

9.Hajimehdipoor, H., Khanavi, M., Shekarchi, M., Abedi, Z., & Pirali Hamedani, M. (2009). Investigation of the Best
Method for Extraction of Phenolic Compounds from Echinaceae purpurea L. (Moench). The Journal of Medicinal
Plants, 8(4), 145-152. doi: 20.1001.1.2717204.2009.8.32.17.4 . [In Persian]

10. Khadem, A., Ramrodi, M., Galavi, M., & Roosta, M. (2011). The Effect of Drought Stress and Different Rates of
Animal Manure with Super Absorbent Polymer on Grain Yield and Yield Components of Corn (Zea mays L.).
Iranian Journal of Field Crop Science, 42(1), 115-123. doi: 20.1001.1.20084811.1390.42.1.12.8 . [In Persian]

11. Lichtenthaler, H. K. (1987). Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods in
Enzymology, 148, 350-382. doi:/10.1016/0076-6879 (87)48036-1

12. Mahdavi, A. (2010). Non-wood Products of Zagros Forests and Rangelands, Ilam. Ilam University Press, 174p. [In
Persian]

13. Mobser Samad, M., & Radmanesh, Z. (2023). The necessity of developing the cultivation of the medicinal plant
Caper (Capparis) in the country. The first national conference on green space development strategies in desert cities
(Qom, IRAN). https://civilica.com/doc/2097450/ [In Persian]

14. Mohammadi, M., Molavi, H., Liaghat, A., & Parsinejad, M. (2013). Effects of Zeolite Application on Yield and
Water Use Efficiency of Grain Corn. Journal of Water Research in Agriculture, 27(1), 57-67.
doi:10.22092/jwra.2013.128812. [In Persian]

15. Soil and Water Reaserch linstitude. (2013). Methods of Analysis of Soil, Water, and Plant Samples (Publcation
No. 467). Tehran, IRAN: Agricultureal Reaserch, Agricultural Research Education and Extension Organization
(AREEO). [In Persian]


https://link.springer.com/journal/12517
https://jstnar.iut.ac.ir/article-1-1709-en.pdf
https://jstnar.iut.ac.ir/article-1-1709-en.pdf
https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.56.7.7
https://plant.ijbio.ir/?_action=article&au=8554&_au=farzad++Ahmadi+Azar&lang=en
https://plant.ijbio.ir/?_action=article&au=5345&_au=tahereh++hasanloo&lang=en
https://plant.ijbio.ir/article_737_a5cdd4aa0048b187f7182f1b9ce7a6a7.pdf?lang=en
https://plant.ijbio.ir/article_737_a5cdd4aa0048b187f7182f1b9ce7a6a7.pdf?lang=en
https://doi.org/20.1001.1.23832592.1394.28.3.1.0
https://www.sciencedirect.com/journal/phytochemistry
https://doi.org/10.1016/S0031-9422(98)00669-4
https://aj.areeo.ac.ir/?lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en&lang=en
https://doi.org/10.22092/AJ.2015.105674
https://plant.ijbio.ir/article_1182_f47330643ae134ca204bf6b2481fec47.pdf?lang=en
https://plant.ijbio.ir/article_1182_f47330643ae134ca204bf6b2481fec47.pdf?lang=en
https://dorl.net/DOR/20.1001.1.23832592.1397.31.4.12.4
https://jmp.ir/article-1-358-en.pdf
https://jmp.ir/article-1-358-en.pdf
https://dor.isc.ac/dor/20.1001.1.2717204.2009.8.32.17.4
https://dor.isc.ac/dor/20.1001.1.20084811.1390.42.1.12.8
https://www.sciencedirect.com/author/7006918218/hartmut-karl-lichtenthaler
https://www.sciencedirect.com/bookseries/methods-in-enzymology
https://www.sciencedirect.com/bookseries/methods-in-enzymology
https://doi.org/10.1016/0076-6879(87)48036-1
https://civilica.com/doc/2097450/
https://wra.areeo.ac.ir/?_action=article&au=498247&_au=Masoud++Mohammadi&lang=en
https://wra.areeo.ac.ir/article_128812_bafc70c83f5e748191fb875593b23370.pdf?lang=en
https://wra.areeo.ac.ir/article_128812_bafc70c83f5e748191fb875593b23370.pdf?lang=en
https://doi.org/10.22092/jwra.2013.128812

= e 2 953 9 32 95ale 13300 5T

16. Tadayyon, A., & Soltanian, M. (2016). Effect of arbuscular mycorrhizal fungi on root colonization and phosphorus
uptake of linseed (Linum ussitatissimum L.) under drought stress conditions. Journal of Plant Process and Function,
5(15), 147-156. doi: 20.1001.1.23222727.1395.5.15.7.0 [In Persian]

17. Walling, S. G., & Harley, C. W. (2004). Locus Ceruleus Activation Initiates Delayed Synaptic Potentiation of
Perforant Path Input to the Dentate Gyrus in Awake Rats: A Novel B-Adrenergic- and Protein Synthesis-Dependent
Mammalian Plasticity Mechanism. Journal of Neuroscience: 24(3):598-604. doi:10.1523/JNEUROSCI.4426-03.2004


https://jispp.iut.ac.ir/search.php?sid=1&slc_lang=en&author=Tadayyon
https://jispp.iut.ac.ir/search.php?sid=1&slc_lang=en&author=Soltanian
https://jispp.iut.ac.ir/article-1-329-en.pdf
https://jispp.iut.ac.ir/article-1-329-en.pdf
http://jispp.iut.ac.ir/ARTICLE-1-329-FA.HTML
https://dor.isc.ac/dor/20.1001.1.23222727.1395.5.15.7.0

