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Introduction

Medicinal plants have reservoirs rich in the active ingredients of many medicines. Medicinal plants have rich
reservoirs of essential active ingredients of many drugs. Considering the importance of medicinal plants,
especially in the pharmaceutical industry and their scarcity in nature, it is very important to study the various
agricultural aspects of these plants, considering the increasing spread of saline soils, to find a solution. It seems
necessary to prevent living and non-living environmental stresses or at least reduce them. One of these methods
is the use of symbiotic relationships between mycorrhizal fungi and host plants, which reduces the stress caused
by salinity. Due to the increasing expansion of saline soils, it seems necessary to find solutions that can prevent
or at least reduce the living and non-living environmental stresses. There are different ways to overcome these
tensions in different situations. Water salinization is one of the most important environmental limiting factors for
crop production, especially in arid and semi-arid regions of the world, since Iran is located in the arid region of
the world, given that salinity is one of the environmental factors. Are that have a strong effect on the growth and
activity of lemongrass; There are also vast resources of saline and semi-saline groundwater, although not
currently used and likely to be used in the future. Solutions to address abiotic stresses include the use of
biofertilizers. One of these methods is to use the symbiosis of fungi with host plants, which leads to a reduction
in salinity stress. The aim of this study was to investigate the effect of Arbuscular mycorrhizal fungi. On
vegetative and biochemical traits of lemongrass under salinity stress. Salinity is one of the most important factors
limiting the growth and production of crops. Fungi as a biological fertilizer can be useful in meeting the
nutritional needs of plants and reducing the effects of environmental stresses on plants.

Materials and Methods

The experiment was a factorial experiment in a completely randomized design with two factors of four
salinity levels (0, 5, 10 and 15 ds.m™* NaCl) and fungi (no inoculation and fungal inoculation). For inoculation of
Arbuscular mycorrhizal fungi with mixed potting soil was applied to the lemongrass. Plant height, root length,
fresh and dry weight of leaves, relative water content, catalase, peroxidase and polyphenol oxidase were
measured.

Results and Discussion

The results indicate that all studied traits were significantly affected by the interaction of mycorrhiza and
salinity stress. The application of mycorrhizal fungi in the presence of salinity stress due to the absorption of
nutrients and water led to improved growth of lemongrass. The results showed that under salinity stress of 150
mM plant height, root length, fresh and dry weight of leaves, relative water content, catalase, peroxidase and
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polyphenol oxidase enzymes in lemongrass inoculated with arbuscular fungus at 23.05, 32.69, 25.31, 48.14,
31.83, 30.33, 52.72 and 33.41% respectively, increased compared to the control (no inoculation). In general,
based on the results of this study, it can be concluded that the use of mycorrhizal fungi can increase the salinity
tolerance of lemongrass and cultivate it in saline soil.

Conclusion

In summary, the results of the present study showed that inoculation of the fungi can protect the lemongrass
plant against salinity stress. In addition, the effect of mycorrhizal fungi on lemongrass under salinity stress has
been investigated for the first time. According to the results obtained in this study, salinity reduced
morphological parameters and lemongrass as a reaction to salinity to maintain its status to increase the amount of
enzyme activity through the mechanism of osmotic regulation to stress conditions. Compromise and to some
extent deal with salinity. In the study, it was observed that inoculation with Arbuscular had a positive effect on
all measured traits. The application of mycorrhizal fungi in the presence of salinity stress due to the absorption of
nutrients and water led to improved growth of lemongrass. By examining all the measured traits, it can be
concluded that by using mycorrhizal fungi, the salinity resistance of lemongrass can be increased and cultivated
in saline soil. Arbuscular species seems to be more suitable for improving the growth of lemongrass in all
conditions.
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Olaryo u55ke
Sy @lie Mean squares
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Variations % > o Slyee | |
p . Sis ¢ i . YL a1y .
Gl ey wy el Sy adyy Jsb T s C)t | P;rwoxmgs Jsl 55 L
d.f Plant height Sy Leaf Root Relative atalase polyphenoloxidase
Leafdry  fresh length water
weight weight content
e
Fungi 2 92.56** 0.028** 0.10** 476.69** 897.002** 13.32** 7718.76** 166.12**
g
Salinity 3 174.85** 0.0012** 0.019** 199.84** 245.20** 3.23** 2627.86** 137.90**
S)pd X )
Sa}!&’:}'&’ x 6 4652%  0.0052%*  0.020%*  47.86** 12.03* 0.37** 91.64** 19.94%*
s
Error
24 13.92 0.0002 0.002 0.57 4.42 0.095 8.60 0.59
Oy g >
(4Y) (%) - 6.05 5.02 5.47 2.27 3.97 5.07 3.55 4.64
Aopd B g ) Jlein] pdaw )3 (gl dxe g (g re pis g T TS

ns, ** and * : non- significant, significant at the probability level of 1 and 5%, respectively.
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Table 2- Comparison of mean fungal and salinity stress interactions on growth characteristics of lemongrass

@ 3T Wy W)l adyy Jgb Sy P 09 S i 09
& . Salinity Plant height Root length Leaf fresh wight Leaf Dry wight
Fungi (ds.m?) (cm) (cm) @) (@)
0 67.00+0.47 ab 32.83+0.49d 0.91+0.037 cd 0.30+0.011¢
Control 5 61.33+0.63b cd 30.50+0.23 e 0.86+0.010 de 0.28+0.002 cd
10 55.85+0.45 cde 29.50+0.47 e 0.85+0.002 de 0.28+0.0005 cd
15 44.42+0.5 1f 26.00+0.47 f 0.79+0.0009 e 0.27+0.005d
0 71.37+0.49a 54.00+0.23 a 0.85+0.004 de 0.29+0.0071 cd
Arbuscular 5 65.56+0.55 ab 38.50+0.23b 0.98+0.004 bc 0.36+0.0019 b
10 58.88+0.40 cde 35.50+0.23 ¢ 1.21+0.05a 0.42+0.011a
15 54.66+0.27 ¢ 34.50+0.23 ¢ 0.99+0.02 b 0.40+0.013a

35,035 LSD 9051 3l o3kl b suoys gy Jloss! o ) (6 I sime 33! Jlans o 4> auliie Bg o (sl (sl Sl
Means with the same letters in each row do not have a significant difference at the 5% of probability level based on LSD test.
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conditions
(LSD, p<0.05)
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Figure 2- The interaction effect of fungus and salinity stress on lemongrass catalase content under greenhouse conditions
(LSD, p<0.05)

2 M1l sl 31 GRal381 (1 JS3) cdly 33l (eils
L83 g &S 28l oo 3 (b ()90 o 9 1259500 Jlows
Lo JSis (9,8 15 lp ) GlansI il slag 3T a5 olS
= 9 1) O3l ol 0 ) g amd e I3l ()5enST o
38 lamislon! alesd loidle Jdoa Sl o o atsy
Sl Juoyl (S90)92 s1)95 6 (prizmen A3l 150 9 (59 9 (e
Cl oalS’ g 59y polis gol> 365 S ] slop 3l el
olie o (158l b 15,6800 slag,8 (Porcel et al., 2016)
b Jali8l g Sgeyen layeS i Jlo)l G (2l
ol 3 Sea o5 (Khalvandi et al., 2017) 6595 oo s 3l
1l e Py adoxl SlanS] 5l (slog 3l clled 30

A3l e

Shaacast S8 oly g Sl
= OB il g -8 lite )51 (6)5-5 )6 oole I
Sy Jlwin s 3 goad cile S Jlagu] 5 b 5 e
by ol odhy 1Sl duwlie guls oV Jgia) 290 Jld Gixe duoyd
o5 gl > ol ygi> pas ply 3 VsSs)l )8 pils &
STy dgugs el do 3 OYIVY (500 4 o 1 (usiegj wd VO
i wilolg (wlelp odel Cawd 4y claosly gl (¥ JSK) as
olS a1 (2 )8 il 5 (6)98 golaw lite 3 455>
215 () Jpies) 230 o 2oy Sy Jlozs) s 3 g0l cile
VO ()5 i byl s cou S ol lis bodly Sk dulie
4 od gl god cile ol ) JhnST By te (e g
pic) 1ali L duolio 13 o> YY/FY (lhe 4 ,YoSog)l 2,6



4*)

g e (29310 oLS 32 Y gSwan )T @y 51 oy eyl y K0 g (Silonlw

BControl BArbuscular

x
§= =~ 160
= £ 140
f’j a0 120
¥ =~ 100
“% 1E 80 e
w B 6D o
2 = <
3 2w 8
o »
5 2 P E
-!_,)\ 0 [ E
o

@A Control

S
%

)

._.
o

mErELnCron
S
o

T

PPO (unit mg prot!)
Ln
et
Ba

(g s 50 psS (rodolg) jlupust Jid L

53
5
Pesgssesess

=
18
fo
g

5 10 15

(= = N e A [
L= n e ] g o= X g

Salinity (ds. m!) = Fangal

B Arbuscular

a

55
s
5
Ty

EAGAEAS

R
o

o
:t( e

e A A o A Ao

st
Sy

(370 2 rmiais jmsd) 5595 05 % )8
Salinity (ds.m 1) x Fangal
WS Lyl 4 g0 e LS ST i3 (Jy (g ST (A (sl 35T (s9im 2 ()98 (A5 9 )6 LiiSod ST - S
Figure 3- The interaction effect of fungus and salinity stress on the a) peroxidase and b) lemongrass polyphenol oxidase

contents in greenhouse conditions
(LSD, p<0.05)

&u)‘uww)ﬁbwwubogw)iwéA)Muig
‘uideMgSHM9)_,u)9‘w)J9_b‘4_:y
IU PR 251 U I KVEOWC £ O W T PR VO JVS VU L G PR
O3S 095 Slag)B (xS 4 L oS )5 aons lyi o0
o S @ a5 ol il 1y goud Gile ol 53 (59 4 oo
S g 1y Y gSagyl 45 sy o Jlai &y D9a5 508 S

5L Cunlio byl ded )d geud cale oS

.

8 35 4o

oLS o dli aS s o L pudls Guiod gl M3 jgboay

S bl (650 G5 pl 50 1y ol Wl B L ged ile
il oLiS pendls &8 15 315 s adllaa ol slaaidl, 4 avg |
01 oy 3l llad al38] el )Y oSogy)l el )50 )6 b godd
IS 4S5k D9 o0 (5)9 plp 3 ol 6) 5l 4 e
e polis Cla > 4 ()9 LI jean 13 T2)05ee sl

&zl

1. Latef, A/A.H.A., Hashem, A., Rasool, S., Abd Allah, E.F., Algarawi, A.A., Egamberdieva, D., Jan, S., Anjum,
N.A., & Ahmad, P. (2016). Arbuscular mycorrhizal symbiosis and abiotic stress in plants: a review. Journal of
Plant Biology, 59, 407-426. http://dx.doi.org/10.1007/s12374-016-0237-7

2. Aebi, H. (1984). Catalase in vitro. In Methods in enzymology (Vol. 105, pp. 121-126). Academic Press.

http://dx.doi:10.1016/s0076-6879(84)05016-3

3. Ait-El-Mokhtar, M., Baslam, M., Ben-Laouane, R., Anli, M., Boutasknit, A., Mitsui, T., Wahbi, S., & Meddich,


http://dx.doi.org/10.1007/s12374-016-0237-7
http://dx.doi:10.1016/s0076-6879(84)05016-3

VY 5l o o)led PV ul ((55)9lis @lio 5 pole) Sl pole appis FOY
b &leo s pole) Sl pole & ol

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A. (2020). Alleviation of detrimental effects of salt stress on date palm (Phoenix dactylifera L.) by the application
of arbuscular mycorrhizal fungi and/or compost. Frontiers in Sustainable Food Systems, 4, 131
https://doi.org/10.3389/fsufs.2020.00131

Amanifar, S., & Toghranegar, Z. (2020). The efficiency of arbuscular mycorrhiza for improving tolerance of
Valeriana officinalis L. and enhancing valerenic acid accumulation under salinity stress. Industrial Crops and
Products, 147, 112234. https://doi.org/10.1016/j.indcrop.2020.112234

Ashraf, M., & Ali, Q. (2008). Relative membrane permeability and activities of some antioxidant enzymes as the
key determinants of salt tolerance in canola (Brassica napus L.). Environmental and Experimental Botany, 63(1-
3), 266-273. https://doi.org/10.1016/j.envexpbot.2007.11.008

Azarkish, P., Doosti Irani, A., Hoseseini, A.H., & Mohammadi, R. (2014, May). Medicinal plants capacities and
sustainable capital for Iran's economic progress. In Fourth Iranian Islamic Model of Progress Conference, Iran's
Progress, Past, Present and Future, Tehran (pp. 19-20) (In persion).

Banerjee, A., & Roychoudhury, A. (2017). Effect of salinity stress on growth and physiology of medicinal
plants. Medicinal Plants and Environmental Challenges, 177-188. https://doi.org/10.1007/978-3-319-68717-9 10
Benavides, M.P., Marconi, P.L., Gallego, S.M., Comba, M.E., & Tomaro, M.L. (2000). Relationship between
antioxidant defence systems and salt tolerance in Solanum tuberosum. Functional Plant Biology, 27(3), 273-278.
https://doi.org/10.1071/PP99138

Bonacina, C., Trevizan, C.B., Stracieri, J., dos Santos, T.B., Goncalves, J.E., Gazim, Z.C., & de Souza, S.G.H.
(2017). Changes in growth, oxidative metabolism and essential oil composition of lemon balm ('Melissa
officinalis' L.) subjected to salt stress. Australian Journal of Crop Science, 11(12), 1665-1674.

Bunn, R., Lekberg, Y., & Zabinski, C. (2009). Arbuscular mycorrhizal fungi ameliorate temperature stress in
thermophilic plants. Ecology, 90(5), 1378-1388. https://doi.org/10.1890/07-2080.1

Elhindi, K.M., EI-Din, A.S., & Elgorban, A.M. (2017). The impact of Arbuscular mycorrhizal fungi in mitigating
salt-induced adverse effects in sweet basil (Ocimum basilicum L.). Saudi Journal of Biological Sciences, 24(1),
170-179. https://doi.org/10.1016/j.5jbs.2016.02.010

El-Zahara, F., & El-tony, H. (2020). Effect of the use of Arbuscular mycorrhiza for plant growth promotion on
morpho-physiological properties of Antirrhinum majus L. under salinity stress. Acta Scientific Agriculture, 4(7),
139-149.

Evelin, H., Devi, T.S., Gupta, S., & Kapoor, R. (2019). Mitigation of salinity stress in plants by Arbuscular
mycorrhizal symbiosis: current understanding and new challenges. Frontiers in Plant Science, 470.
https://doi.org/10.3389/fpls.2019.00470

Gill, S.S., & Tuteja, N. (2010). Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Physiology and Biochemistry, 48(12), 909-930. https://doi.org/10.1016/j.plaphy.2010.08.016
He, J., Yang, B., Dong, M., & Wang, Y. (2018). Crossing the roof of the world: Trade in medicinal plants from
Nepal to China. Journal of Ethnopharmacology, 224, 100-110. https://doi.org/10.1016/j.jep.2018.04.034
Hosseinian, S., Iraji Marshak, M., Dehghani, A., & Saffronloo, Y. (2018). Lemongrass and its pharmacological
effects, 2nd International Conference on Medicinal Plants, Organic Agriculture, Natural and Medicinal Materials,

Mashhad. (In Persian)

llangumaran, G., & Smith, D.L. (2017). Plant growth promoting rhizobacteria in amelioration of salinity stress: a
systems biology perspective. Frontiers in Plant Science, 8, 1768. https://doi.org/10.3389/fpls.2017.01768
Isayenkov, S.V., & Maathuis, F.J. (2019). Plant salinity stress: many unanswered questions remain. Frontiers in
Plant Science, 10, 80. https://doi.org/10.3389/fpls.2019.00080

Idrees, M., Naeem, M., Khan, M.N., Aftab, T., Khan, M.M.A., & Moinuddin. (2012). Alleviation of salt stress in
lemongrass by salicylic acid. Protoplasma, 249, 709-720. https://doi.org/10.1007/s00709-011-0314-1

Khalid, K.A., & Cai, W. (2011). The effects of mannitol and salinity stresses on growth and biochemical
accumulations in lemon balm. Acta Ecologica Sinica, 31(2), 112-120.
https://doi.ora/10.1016/j.chnaes.2011.01.001

Khalvandi, M., Amerian, M.R., Pirdashti, H., Baradaran Firoozabadi, M., & Gholami, A. (2017). Effects of
Piriformospora indica fungi symbiotic on the quantity of essential oil and some physiological parameters of
peppermint in saline conditions. Iranian Journal of Plant Biology, 9(2), 1-20. (In Persian).
https://doi.org/10.22108/ijpb.2017.94775

Khazani, G., Khara, J., & Jabbarzadeh, Z. (2019). Effect of inoculation with mycorrhizal fungus Glomus
versiforme on growth and some physiological factors of tomato under salinity stress. Iranian Journal of Plant
Biology, 11(2), 23-36. https://dorl.net/dor/20.1001.1.20088264.1398.11.2.3.5. (In Persian).

Mane, A.V., Deshpande, T.V., Wagh, V.B., Karadge, B., & Samant, J.S. (2011). A critical review on
physiological changes associated with reference to salinity. International Journal of Environmental
Sciences, 1(6), 1192-1216.

Masayasu, M., & Hiroshi, Y. (1979). A simplified assay method of superoxide dismutase activity for clinical
use. Clinica Chimica Acta, 92(3), 337-342. https://doi.org/10.1016/0009-8981(79)90211-0


https://doi.org/10.3389/fsufs.2020.00131
https://doi.org/10.1016/j.indcrop.2020.112234
https://doi.org/10.1016/j.envexpbot.2007.11.008
https://doi.org/10.1007/978-3-319-68717-9_10
https://doi.org/10.1071/PP99138
https://doi.org/10.1890/07-2080.1
https://doi.org/10.1016/j.sjbs.2016.02.010
https://doi.org/10.3389/fpls.2019.00470
https://doi.org/10.1016/j.plaphy.2010.08.016
https://doi.org/10.1016/j.jep.2018.04.034
https://doi.org/10.3389/fpls.2017.01768
https://doi.org/10.3389/fpls.2019.00080
https://doi.org/10.1007/s00709-011-0314-1
https://doi.org/10.1016/j.chnaes.2011.01.001
https://doi.org/10.22108/ijpb.2017.94775
https://dorl.net/dor/20.1001.1.20088264.1398.11.2.3.5
https://doi.org/10.1016/0009-8981(79)90211-0

FOY

g e (29310 oLS 32 Y gSwan )T @y 51 oy eyl y K0 g (Silonlw

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Moladoost, K., & Shahmoradi, M. (2020). Identification of challenges facing development of the medicinal plants
sector in Iran. Iranian Journal of Medicinal and Aromatic Plants Research, 36(5), 748-762. (In Persian).
https://doi.ora/10.22092/ijmapr.2020.342868.2786

Nakano, Y., & Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant and Cell Physiology, 22(5), 867-880. https://doi.org/10.1093/oxfordjournals.pcp.a076232.
Porcel, R., Aroca, R., Azcon, R., & Ruiz-Lozano, J.M. (2016). Requlation of cation transporter genes by the
Arbuscular mycorrhizal symbiosis in rice plants subjected to salinity suggests improved salt tolerance due to
reduced Na+ root-to-shoot distribution. Mycorrhiza, 26, 673-684. https://doi.org/10.1007/s00572-016-0704-5
Rabie, G.H., & Almadini, A.M. (2005). Role of bioinoculants in development of salt-tolerance of Vicia faba
plants under salinity stress. African Journal of Biotechnology, 4(3), 210. https://doi.org/10.5897/AJB2005.000-
3041

Raymond, J., Rakariyatham, N., & Azanza, J.L. (1993). Purification and some properties of polyphenoloxidase
from sunflower seeds. Phytochemistry, 34(4), 927-931. https://doi.org/10.1016/S0031-9422(00)90689-7

Ritchie, S.W., Nguyen, H.T., & Holaday, A.S. (1990). Leaf water content and gas-exchange parameters of two
wheat genotypes differing in drought resistance. Crop Science, 30(1), 105-111.
https://doi.org/10.2135/cropsci1990.0011183X003000010025x

Sanchez-Blanco, M.J., Ferrandez, T., Morales, M.A., Morte, A., & Alarcon, J.J. (2004). Variations in water
status, gas exchange, and growth in Rosmarinus officinalis plants infected with Glomus deserticola under drought
conditions. Journal of Plant Physioloqgy, 161(6), 675-682. https://doi.org/10.1078/0176-1617-01191

Singh, S.K., Sharma, H. C., Goswami, A.M., Datta, S.P., & Singh, S.P. (2000). In vitro growth and leaf
composition of grapevine cultivars as affected by sodium chloride. Biologia Plantarum, 43, 283-286.
https://doi.org/10.1023/A:1002720714781

Tajmir Riahi, R., Etemadi, N.A., Morteza Nejad, F., & Sadeghi, I. (2014). Tolerance to salinity tolerance of
native species of desert wheat grass. Journal of Plant Process and Function, 7, 114-105. (In Persian)

Tian, C.Y., Feng, G., Li, X.L., & Zhang, F.S. (2004). Different effects of Arbuscular mycorrhizal fungal isolates
from saline or non-saline soil on salinity tolerance of plants. Applied Soil Ecology, 26(2), 143-148.
https://doi.org/10.1016/j.aps0il.2003.10.010

Tuteja, N. (2007). Mechanisms of high salinity tolerance in plants. Methods in Enzymology, 428, 419-438.
https://doi.orq/10.1016/S0076-6879(07)28024-3

Zandavalli, R.B., Dillenburg, L.R., & de Souza, P.V.D. (2004). Growth responses of Araucaria angustifolia
(Araucariaceae) to inoculation with the mycorrhizal fungus Glomus clarum. Applied Soil Ecology, 25(3), 245-
255. https://doi.org/10.1016/j.apsoil.2003.09.009

Zhang, Z., Zhang, J., Xu, G., Zhou, L., & Li, Y. (2019). Arbuscular mycorrhizal fungi improve the growth and
drought tolerance of Zenia insignis seedlings under drought stress. New Forests, 50(4), 593-604.
https://doi.org/10.1007/s11056-018-9681-1


https://doi.org/10.22092/ijmapr.2020.342868.2786
https://doi.org/10.1093/oxfordjournals.pcp.a076232
https://doi.org/10.1007/s00572-016-0704-5
https://doi.org/10.5897/AJB2005.000-3041
https://doi.org/10.5897/AJB2005.000-3041
https://doi.org/10.1016/S0031-9422(00)90689-7
https://doi.org/10.2135/cropsci1990.0011183X003000010025x
https://doi.org/10.1078/0176-1617-01191
https://doi.org/10.1023/A:1002720714781
https://doi.org/10.1016/j.apsoil.2003.10.010
https://doi.org/10.1016/S0076-6879(07)28024-3
https://doi.org/10.1016/j.apsoil.2003.09.009
https://doi.org/10.1007/s11056-018-9681-1

