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Table 1. Soil physico chemical characteristics of experimental location.

A e (o)) ST oS (doys) i ) o e o
Sl (4e253) sly )
. L ; . ) (Ao ) (Ao ) (o
(o M)fwé) pH Orgamoc/carbon Phosg/horus Potassium (%) 3 3 SH
EC (dS.cm™) (%) (%) Sand (%)  Silt(%)  Clay (%)
3.81 7.48 0.01 6.64 155 80.36 8.64 11
NS W R N RCH I g PR
Table 2. Chemical properties of irrigation water.
s Colda
ol g0 ar K' ] Na' ] HCO3 co¥ Mg?‘I Caz‘] whel <y Sl
e (meql’)  (meql))  (meql’)  (meql”)  (meql”)  (meql”)  (meql’)  (meql’) pH EC Treatment
SAR (dSm™)
st T e
3.9 9.75 17.31 0.1 11.74 2.89 0 8.42 9.7 8.05 3 Non-saline
water resource
sl e
1 -
28.83 7.82 86.48 0.21 80.73 2.77 0 12.88 3.26 8.00 10 50 S

Diluted saline

1
water resource 5
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Table 3. Analysis of variance of salinity stress and glycine betaine effects on some characteristics of Salsola

imbricata L.

Slag o :Sks
Mean square 4z
) S 0 S 03 Jsb cond &l ;;ljz.,ﬁdt.»
Ao . . D
20 ) J.}A (U.jl Sl o i, oy J)lg asl J)lg S.0.V
Root ) ) " Rootlenght  Stamlenght O
volume Root dry Shoot dry Root-shoot oot lengl am leng
weight weight ratio
129.15™ 7.24" 65.89” 0.017 394.26" 403.31" 3 o
Salinity
18.38 1.79 119.08 0.14 74.20 2265.93 1 o o
Glycine betaine
0.49™ 0.09 0.17" 0.004™ 16.61 48.67 3 O OB X S
SalinityxGlycine betaine
Ut
2.67 0.02 0.06 0.002 3.89 10.02 16
Error
Ao y3) ol s ;
4.64 1.95 111 6.78 434 4.88 (o2 Sl o 2
CV (%)
Slag o :Sks
Mean square 4z
slaus w 650] O ot @t“’
N oHon Jskoms JSTJ?”i b sy ks a Jbs S o S.0.v
. . ota
Protein Proline Soluble chlorophyll Chlorophyll b Chlorophyll a
sugars
88347.71" 1.84" 143137.04" 0.006™ 0.0006" 0.003"™ 3 o
Salinity
348.84™ 0.90 5321.39™ 0.001™ 0.0000™ 0.000™ 1 o T
Glycine betaine
- ™ ns - - - ool u"“‘i% X ()b
29829.11 0.25 4258.21 0.003 0.0001 0.002 3
SalinityxGlycine betaine
Ut
1004.10 0.01 16329.91 0.000 0.00001 0.000 16
Error
(4 y3) Ol o ;
222 2.89 10.72 597 437 6.44 9 e

CV (%)

-LS)"@*"‘ 6‘\9} /e /e Jla.f}‘ch.w)é ‘_g)b;;k’.a g.‘,.;‘JSA._vns} ¢

*, ** and ™ significant at the level 0.05, 0.01 and not significant, respectively.
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Fig. 1. The effect of glycine betaine on stem length of Salsola imbricata L. in different levels of salinity stress (The
means with at least one similar letter are not significantly differed based on LSD test at 5% probability level).
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Fig. 2. The effect of glycine betaine on root length of Salsola imbricata L. in different levels of salinity stress (The
means with at least one similar letter are not significantly differed based on LSD test at 5% probability level).
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Table 4. Mean comparisons of simple effects of different levels of salinity stress on some characteristics of

Salsola imbricata L.

(S 055 05 2 05 (e e L) (6505 Slo g oty St o e e
SN ¢ . S
Soluble sugars Root volume Shoot dry weight Root-shoot Different levels of salinity stress
(mg per gr of dry weight) (Cm®) (gr per plant) ratio
) ] Ly
1066.78° 40.33" 26.40° 0.76" T o
3 dS/m
] .
1095.91° 37.16° 24.44° 0.72% SR os?
10 dS/m
] i
1197.59 33.83¢ 21.87¢ 0.67° L
30 dS/m
] e
1407.93° 29.50¢ 18.74¢ 0.67° T oo

60 dS/m

Il e sl A3 0 Sl a3 S e U S BBl sl (slaSibe *

* The means with at least one similar letter are not significantly differed based on LSD test at 5% probability level.
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Table 5. Mean comparisons of simple effects of glycine betaine treatments on some characteristics of

Salsola imbricata L.

0 el S 055
(oS e Sl) 3t 35 2,9)
Root

volume(Cm®)

Shoot dry weight (gr per plant)

dlo a aly) Jsb s

Root-shoot ratio

Glycine betaine (GB) treatment

34.33° 20.63°

36.08" 25.09*

Sl e O
Non-GB

0.78"

ool er“%% sl
GB

0.63°

Il e sl A3 0 Sl a3 S e U S Bl sl (slaSibe *

* The means with at least one similar letter are not significantly differed based on LSD test at 5% probability level.
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Fig. 3. The effect of glycine betaine on root dry weight of Salsola imbricata L. in different levels of salinity stress
(The means with at least one similar letter are not significantly differed based on LSD test at 5% probability level).
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Fig. 4. The effect of glycine betaine on chlorophyll a of Salsola imbricata L. in different levels of salinity stress
(The means with at least one similar letter are not significantly differed based on LSD test at 5% probability level).
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Fig. 5. The effect of glycine betaine on chlorophyll b of Salsola imbricata L. in different levels of salinity stress (The
means with at least one similar letter are not significantly differed based on LSD test at 5% probability level).
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Fig. 6. The effect of glycine betaine on total chlorophyll of Salsola imbricata L. in different levels of salinity stress
(The means with at least one similar letter are not significantly differed based on LSD test at 5% probability level).
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Fig. 7. The effect of glycine betaine on proline of Salsola imbricata L. in different levels of salinity stress (The
means with at least one similar letter are not significantly differed based on LSD test at 5% probability level).
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Fig. 8. The effect of glycine betaine on protein of Salsola imbricata L. in different levels of salinity stress (The
means with at least one similar letter are not significantly differed based on LSD test at 5% probability level).

5 e el 5 SIS, Cu s sl Sl
S5 s a5 el SLL S IS Y e IS
22 e JS dsee 0555 el () il g,

Sl ol 5,158 (Satureja hortensis L.) o

Y4

B R R S N S I PR D)



YA (1) yloss (YY) e ALS 355 sty &y

oS (fsp 5 odsn sbme glaad (S

i e 2l e Salsola imbricata L.
Clio aen 5 ol S 58 el ol 3
5 dsbme A3 (B35S e e ooz s
e 5 Sosh flie s s e 55
Oiy b & als;y dsb G Slio 5 LS 0l
Jolows Sladkd 5 als) oz (olsn ol S
Tea Yl Gosd A RIB s laiee oS
58l dsb s gne S o e e S
plbl St O35 cBle 4 4l sk ol wly
e N R R N SR
I o OF 31l e ) Sl il (DS
5 ada s aler ol KL 05 waldyy 5 Bl Jb
W5 R e o SR A Al e
53 odap e s 6lS s e 5 olS U ko
FLISE ol sﬁjggwmﬁf 3,8 c,xp)l,.g
Sy SAG plie b st pake O S
b ol s 5 08 andlas ol 55 ey o Sl
oS Olg Sl o oS () Gla S5 25
NS C;\J 03 Sl s (g ah A5 Blie o
Slio 55 p sl U ol edS sy
L aolsl s 5 axdls ke L5l Lo IS alex 51 asS
Lyl s o 1) b, Ol Jd5 1S Glgmme 2l
o5 Dbes 53 b s Sl el s Sosd A
oAl Gadm B e e T S0
ol eSS 308 e i 1y 855 5 Ol s
aon Sepl e b S 5 bl el o3 S o
L ) ele opl ez 5 5 O olals
23 el DS gl ol ol 2ol 58
Olgea ol cpl Colg o3 5wl Rl olS
oy w3 ged Ll 1) g tBlim A5 S sae
Do Sl S Slio s Ol b 4 3L

ALK

Soss sualpl ol ilesl js a8 L e (YA)
s O Gl o o ey W G
03 doe ol B w g L e i Al
L3 Olgee Gl aallae ol 3 (0852 Ol oS
OF JS2) 5e r iedoms V0 Sopd 53 J sl
dal el Lol el E Ol5e0 u:.iljél e
0P SYb b &S 35l sy (glabade LG
LS ba 1y s s s 5 e Llg e
S las 5 lanms s 5 das 2alS ) o5l a5
5 b1 GdGsl, il b e 5 sl
OV as bis s o 28Ty ol e S
2> an Ui RBP4 s bt i
Lim Yo 5l S e p i Db
U P A R I
Al ()58 o

Syl oS Jidad S Olgear il DS
Sost R3S G (SE Ll 83 oDl s
Sl s sd e s 5 L BT s Dl o e
s Yo s Ve slaled s Langs Ol
DS S USSRk pl 0 e
Dl el e gladd s Ll s ik
Lol s & 5 opd 55 SRl L IS, sbe
SISl i LeSian slasy S ol 558
b 3 sl ESTy B s as e by s s lalis
Lolads Kl ol s s bais O asls cs
5 ks e JSES S Lgn iS5 Sy
(YY) a8 o (6,5 sl a0l K o5 )

S 5 o
il sl oS 55 O Sl esle Sl e

s boa 35wl el sl



OSeR o (Son S35 i,

1.Abshenas, M. 2017. The effect of nitrate
potassium and glycinbetain spraying
on morphological and physiological
Salicornia (Salicornia persica) under
salinity stress. MSc dissertation. Sari
Agricultural  Sciences and Natural
Resources University. (In Persian)

2.Anafjeh, E., Salehi Salmi, M., Daneshvar,
M. and Meratan, A. 2017. Effect of
salinity stress on growth, proline content
and antioxidant enzymes activity in the
halophyte Sesuvium Portulacastrum L. J.
Plant Proc. Func. 6: 21. 267-278.

3.Bates, L., Waldren, R.P. and Teare, 1.D.
1973. Rapid determination of free
proline for water stress studies. Plant Soil.
39:205-207.

4.Bradford, M.M. 1976. A rapid and
sensitive method for quantitation of
microgram quantities of protein utilizing
the principle of protein-dye binding. Ann.
Rev. Biochem. 72: 248-254.

5.Dawood, M.G. and Sadak, M.Sh. 2014.
Physiological role of glycinebetaine in
alleviating the deleterious effects of
drought stress on canola plants (Brassica
napus L.). Middle East J. Agric. Res.
3:4.943-954.

6.Dolatabadian, A., Modares Sanavi,
S.A.M. and Sharifi, M. 2009. The effect
of foliar feeding with ascorbic acid on
antioxidant enzymes activities, proline
and lipid peroxidation in rapeseed under
salt stress. J. Sci. Technol. Agric. Natur.
Res. 13: 611-620. (In Persian)

7.Eskandari, H., Ehsanpour, A.A. and
Al Mansour, N. 2018. The effect of
Rosmarinic acid on glycine betaine,
carbohydrate and protein pattern changes
of potato (Solanum tuberosum L.) callus
under in vitro condition. J. Plant Biol.
10: 2. 1-18. (In Persian)

8.Galeshi, S. 2016. The effect of
environmental stresses (drought, salinity,
heat, flooding) on plants. Gorgan
Uni Agric. Nat. Resourc. Press, 388p.
(In Persian)

9.Ghosh, P.K., Ajay, K.K.,
Bandyopadhyay, M.C., Manna, K.G.,
Mandal, A.K. and Misra, K M.H. 2004.
Comparative effectiveness of cattle

BB}

manure, poultry manure, phosphocompost
and fertilizer-NPK on three cropping
systems in vertisols of semi-arid tropics.
II. Dry matter yield, nodulation,
chlorophyll content and enzyme activity.
Bioresour. Technol. 95: 85-93.
10.Gorham, J., Bridges, J., Jokinen, K. and
Tiihonen, K. 1998. Exogenously-applied
glycine betaine is not rapidly
retranslocated in cotton. Proceedings of
the World Cotton Research Conference-
2. Athens, Greece, pp. 628-631.

11.Gorham, J., Jokinen, K., Malik, M.N.A.
and Khan, [LA. 2000. Glycine betaine
treatment improves cotton yields in field
trials in Pakistan. Proceedings of the
World Cotton Research Conference II,
Athens, Greece. pp. 624-627.

12.Hadi, H. and Kalantar, A. 2015. Effects
of mycorhizal symbiosis, application of
super absorbant gel, glycine-betain and
sugar beet extract on physiological traits
and seed yield of castor bean (Ricinus
communis L.) in drought stress
conditions. Iran. J. Crop  Sci
17: 3. 236-250. (In Persian)

13.Hamed, A.I., Masullo, M., Sheded, M.G.,
Mahalel, U.A., Tawfik, M.M., Perrone,
A. and Piacente, S. 2011. Triterpene
saponins from Salsola imbricata L.
Phytochem Lett. 4: 353-356.

14.Hopkins, W.G. 1999. Introduction to
plant physiology. University of Tehran
Prees. 4" Edition. 1. (In Persian)

15.Hosseinzadeh, S.R., Amiri, H. and
Ismaili, A. 2016. Effect of vermicompost
fertilizer on photosynthetic characteristics
of chickpea (Cicer arietinum L.)
under drought stress. Photosynthetica.
54: 1. 87-92. (In Persian)

16.Jamil, A., Riaz, S., Ashraf, M. and
Foolad, M.R. 2011. Gene expression
profiling of plants under salt stress. Crit.
Rev. Plant Sci. 30: 5. 435-458.

17 Kadkhodaie, H., Sodaeizadeh, H. and
Mosleharani, A. 2014. The effects of
exogenous application of glycine betain
on growth and some physiological
characteristics of Brossica napus under
drought stress in field condition. Des.
Ecosys. Engin. J. 3: 4.79-90. (In Persian)



YA () ko (YY) s (ALS S5 (slagsirg iy & puld

18.Kamali, M., Shoor, M., Goldani, M.,
Selahvarzi, Y. and Tehranifar, A. 2012.
Interaction Effect of Irrigation with
Saline water and CO, Enrichment on
some Morphophysiological Characteristics
of (Gomphrena globosa L.). J. Water
Soil. 25: 6. 1457-1467. (In Persian)

19.Katsuhara, M., Chung, G.C., Sakurai, J.,
Murai, M., Izumi, Y. and Tsumuki, H.
2007. Low temperature and aquaporins,
a molecular mechanism of water
transport. Cryobiology and Cryotechnology.
53:21-32.

20.Khan, M.A. and Gul, B. 2006. B.
Halophyte seed germination. In:
Khan M.A.; Weber, D.J., Eds., Eco-
physiology of High Salinity Tolerant
Plants, Springer, Netherlands, pp. 11-30.

21.Kochert, G. 1978. Carbohydrate
determination by the phenol sulfuric
acid metod in: Helebust, J.A. and Craig,
S. (Ed): Hand book of phycologia
and Biochemical Methods, London:
Cambridge University Press, pp. 95-97.

22.Leopold, A.C., Sun, W.Q. and Bernal-
lugo, L. 1994. The glassy state in seeds:
analysis and function. Seed Sci. Res.
4:267-274.

23.Lichtenthaler, H.K. 1987. Chlorophylls
and carotenoids pigments photosynthetic
membranes. Methods Enzymol.
148: 350-382.

24 Miri, H.R. and Zamani Moghadam, A.
2014. The Effect of External Usage of
Glycine Betaine on Corn (Zea mays L.)
in Drought Condition. J. Field Crops
Res. 12: 4. 704-717. (In Persian)

25.Mosleh Arany, A. and Azimzadeh, H.R.
2015. Investigation of some ecological
characteristic of Salsola imbricata L.
in Tabas area. D.E.E. J. 4: 7. 21-28.
(In Persian)

26.Noorali, E., Nadian, H., Jafari, S. and
Heidari, M. 2018. Effect of salinity and
cadmium on some micronutrient growth
and micronutrients absorption by
coriander (Coriandrum sativum L.).
11: 3. 737-748. (In Persian)

27.Parvaiz, A. and Satyawati, S. 2008. Salt
stress and phyto-blochemical responses
of plants. Plant Soil Environ. 54: 89-99.

"y

28 Pazoki, A. and Niki Esfahlan, E. 2016.
The Effect of Ascorbate and Gibberellin
on Non-Enzymatic Mechanisms of
Satureja (Satureja hortensis L.) in Salinity
Conditions. 9: 3. 291-301. (In Persian)

29.Poorazizi, E. and Mirjalili, S.A. 2016.
Plant Biochemitry. Institute of Applied
Science Technology Jahad Daneshgahi
Publication. 228p. (In Persian)

30.Ranjbar, G.H., Pirasteh-Anisheh, H.,
Banakar, M.H. and Miri, H.R. 2018. A
review on halophytes researches in Iran:
explanation of challenges and solutions.

J. Plant Physiol. 10: 32. 117-129.
(In Persian)

31.Rezaei, M.A. 2010. Effects of
exogenous glycine  betaine  on

morphophysiological characteristics and
yield of soybean (Glycine max L.). J.
Plant Sci. Res. 17: 1. 44-54. (In Persian)
32.Roy, S.J., Negrao, S. and Tester, M.
2014. Salt resistant crop plants. Curr.
Opin. Biotechnol. 26: 115-124.
33.Selahvarzi, Y., Goldani, M., Nabati, J.
and Alirezaei, M. 2011. The effects of
ascorbic acid on some changes physio-

chemical (Origanum majorana L.)
under salinity stress. J. Hort. Sci.
42:2.159-167. (In Persian)

34 Teimouri, A. and Jafari, M. 2010.

The effects of salinity stress on some
of anatomical and morphological
characteristics in three Salsola species:
S.rigida, S. dendroides, S.richteri. .
Range Des. Res. 17: 1. 21-34.
(In Persian)

35.Vadizadeh, P., Sarajoughi, M. and Mir-
Taheri, S.M. 2017. Study of salicylic
acid and glycine effect on some
agronomic traits of alfalfa under wet
stress conditions. J. Agron. Plant Breed.
13:2.2-14.

36.Vafadar, Z., Rahimmalek, M.,
Sabzalian, M.R. and Nikbakht, A.
2018 Effect of salt stress and harvesting
time on morphological and
physiological characteristics of Myrtle
(Myrthus communis). J. Plant Proc.
Func. 7: 23. 33-46. (In Persian)



OSeR o (Son S35 i,

37.William, W.P., Brain, A.P.R. and
Dominy, P.J. 1992. Induction of non-
bilayer lipid phase separation in
chloroplast thylakoid membranes by
compatible solutes and its relation to
the thermal stability of photosystem
II. Biochimica et Biophysica Acta.
1099: 137-141.

38.Yang, W.J., Rich, P.J., Axtell, J.D.,
Wood, K.V., Bonham, C.C., Ejeta, G.,
Mickelbart, M.V. and Rhodes, D. 2003.
Genotypic variation for glycinebataine
in sorgohum. Crop Sci. 43: 162-1609.

39.Zarinkamar, F. and Farkhah, A.S. 2005.
Comparative studies between different
aspects of the three halophyte speacies,

VY

Salsola dendroides, Aeluropus lagopoides
and Alhagi persarum. Pajouhesh and
Sazandegi. 66: 50-66. (In Persian)

40.Zeng, H.C., Deng, L.H. and Zhang, C.F.
2006. Cloning of salt tolerance-related
cDNAs from the mangrove plant,
Sesuvium portulacastrum L. J. Int. Plant
Biol. 48: 952-957.

41.Zhao, L., Yang, Z., Guo, Q., Mao, S., Li,
S., Sun, F., Wang, H. and Yang, C.
2017. Transcriptomic profiling and
physiological responses of halophyte
Kochia sieversiana Provide Insights
into salt tolerance. Front. Plant Sci.
24:1-13.






