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Table 1. Physical and chemical characteristics of soil experimental

Colas Cuils ST i G
oy s ol S edl T 9 Sl s COURVWINE SO S TS PR

Clay Silt Sand  Soil texture EC pH Na Ca Mg SAR
7S dSm™! meq L' meq/L **
37 23 40 Clay loam 8.3 8.4 62.3 356 1310 2.2

fObtained from soil saturated extract.

B sl Jobore el ol s 4y SB- gLl ojlae 51 T

fWere calculated in solution.
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Table 2. The chemical characteristics of applied cow manure

o g S e e 09 el (g2

(1:5) EC SAR" pH Na* Ca?* Mg K*
dSm™! 1/(meq/LY% s meq L -mmmememme e
5.1 7.8 7.5 92.2 139 126 41.3

* sodium absorption ratio
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Table 3. Quality of irrigation water (saline water) used in the present study

DU PVt POV SN SR PIPUURT S KON AR SEIN: JETFIIO0
EC Syl pH SAR Na*  Ca¥*  Mg* K* HCOs  Cr__ SO4*
dSm™! meq/L ** meq L'
7.2 7.6 8.3 30.8 13.1 14.2 0.23 9.1 31.2 23.9
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Fig. 2. Interaction effect of drought stress and manure
on Chlorophyll a (mg g) in salicornia. Means followed
by the similar letter are not significantly different at 5%
probability level. Full irrigation with saline water (SI) as
a control, deficit irrigation with saline water under 75%
level (DSI75) and deficit irrigation with saline water
under 55% level [(DSISS).
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Fig 1. Interaction effect of drought stress and manure on
dry weight (g plant™) of salicorni. Means followed by the
similar letter are not significantly different at 5%
probability level. Full irrigation with saline water (SI) as
a control, deficit irrigation with saline water under 75%

level (DSI75) and deficit irrigation with saline water
under 55% level (DSISS).
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Fig 4. Interaction effect of drought stress and manure on
catalas (Unit/ mg proteine) in salicornia. Means in each
column followed by the similar letter are not
significantly different at 5% probability level. Full
irrigation with saline water (SI) as a control, deficit
irrigation with saline water under 75% level [(DSI75)
25% decrease compared to control] and deficit irrigation
with saline water under 55% level [(DSI5S) there was a
45% decrease compared to control].
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Fig 3. Interaction effect of drought stress and manure on
proline (mg g) in salicornia. Means in each column
followed by the similar letter are not significantly
different at 5% probability level. Full irrigation with
saline water (SI) as a control, deficit irrigation with
saline water under 75% level [(DSI75) 25% decrease
compared to control] and deficit irrigation with saline
water under 55% level [(DSI55) there was a 45%
decrease compared to control].
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Table 4. Analysis of variance of morphological and biochemical characteristics of Salicornia under drought stress and

COW manure

039 osbe
Slpd g DI i Sis 2 Jodg 15 b Judg)ls gyl
Root Fresh " .
S.0.V weight Root dry Dry Chlorophylla  Chlorophyllb  Carotenoids
weight matter
ol 0.023+* 0.022°°  0.0496**  0.000057" 0.000249™  0.000040 ™
Manure (M)
S g 0.057° 0.056*  0.0762°  0.00822°° 0.00204°* 0.00100°
Drought stress (D)
ol 29T SlS BT 0.0021 0.0019%  0.0015*  0.000866* 0.000012™  0.000056™
D*M
s
12 0.002 0.002  0.00037 0.00010 0.0000805 0.000023
Error
o
S emrs 9.21 9.206 5317 5334 7.420 6315
CV%
Table 4. Continued alol.f Jgus
JLls
e L - Ol youp WG fa s
R PERT e ST e
. Carbohydr . Catalase B i Ionic
S.0.vV Proline ate Protein Gaiacol leakage
Peroxidase
PO 000217 1363 5013 0.018% 0.551% 10/967*
Manure (M)
SESGE 000639 15077 48406  0.037% 0.186* 32/527°
Drought stress (D)
@ OFHSAS AE ) 0000572 0.063%  0.037™  0.101% 0.374+ 20/903°
D*M
Uas
12 0.000032 0.389 0.865 0.000 0.001 0/085
Error
Syl ps 4.905 8.199 10.09 372 4.54 5/72
CV%
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* *¥* Statistically significant at the probability levels of 5% and 1%, respectively. ns: non- significant
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Table 5. Comparison of averages of some morphological and biochemical characteristics of salicornia under drought

stress and cow manure

Ll ada) ¥ @ie Wi ySES 039 b Jdels el Ohuwee S i
Treatments Root fresh weight Root dry weight Clorophyll b Carotenoid Carbohydrat  Protein
ooy g.plant!-mmeeeeeee mg.g"!
Manure
295 28 pas 1.310° 0.482° 0.124° 0.078 7.33b 8.69°
No application
35 0,8 . . b b . )
1.6472 0.5532 0.117 0.075 7.88* 9.74
application
okl ks
Irrigation levels
L
Control (ST) e 1.485b 0.5502 0.101¢ 0.062° 5.92¢ 6.02¢
ontro
DSI75) buwgio s
M(d'S 75)t Foo 2.1702 0.5952 0.123% 0.0812 7.83° 10.15°
edium stress
DSIS5 b
DSIS9) s 5 0.780¢ 0.408° 0.1382 0.0872 9.07 1147

Sever stress
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(DSI55) 0o, 00 sy i

Means in each column followed by the similar letter are not significantly different at 5% probability level. Irrigation with saline
water: (SI) control. (DSI75) medium stress. (DSI55) intensive stress. Manure; without Application of manure. Application of

manure
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Fig. 6. Interaction effect of drought stress and manure
on ionic leakage (%) in salicornia. Means in each column
followed by the similar letter are not significantly
different at 5% probability level. Full irrigation with
saline water (SI) as a control, deficit irrigation with
saline water under 75% level [(DSI75) 25% decrease
compared to control] and deficit irrigation with saline
water under 55% level [(DSI5S) there was a 45%
decrease compared to control].
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Figure S. Interaction effect of drought stress and manure
on gaiacol peroxidase (Unit/ mg proteine) in salicornia.
Means in each column followed by the similar letter are
not significantly different at 5% probability level. Full
irrigation with saline water (SI) as a control, deficit
irrigation with saline water under 75% level [(DSI75)
25% decrease compared to control] and deficit irrigation
with saline water under 55% level [(DSI55) there was a
45% decrease compared to control].

T
JS8) (S A5 g (ol 055 Sy mls @ axg L
25 00938l (Sor St ke p (SiS S Gl L (F
o sl pd o (Ao, AIYY ) jlade o iy oS (glaigSay
VIYA) e (g y2aS 5955 0,005 pas 5 (DSI75) Lawsgie
sold 955 3,15 g DSITS) lawsgin s Layl o 5o (a0
mhe Sl il e Jobe slid gl s Jols
aalys P jlers (ogb; llugi abaslyts el sl
ey xSl 2o @lp Joko JisS &5 GlagFa
Ol 4 e 09,00 G 3l JelS bt b g Sl ralS
Selg 2SI 0005 5 et e Jshs S8 9] 3 s PPl



ove L5 ys5les pliordion 5 (Soielsdyoe S Shs 2 ed ol b )lalpS 5 5 058 51 ISen 5 oL

(S35, s a5 Ly 5 ok gt 3 51005 Jos
Sl youmgr S s o g daes 3T cadlad iol38l g yiwgid
ol Ghals ]y (Sas i ceslial Ol 31 Gefg 5 el

Abedi, T., Pakntyat, H., 2010. Antioxidant
enzyme changes in response to drought stress
in ten cultivars of oilseed rape (Brassica napus
L.). Czech Journal of Genetics and Plant
Breeding. 16, 27-34.

Akcin, A., Yalcin, E., 2016. Effect of salinity
stress on chlorophyll, carotenoid content, and
proline in (Salicornia prostrata Pall) and
(Suaeda prostrate Pall). subsp. prostrata
(Amaranthaceae). Brazilian Journal of Botany.
39, 101-106.

Akhani, H., 2006. Biodiversity of halophytic and
sabkha ecosystems in Iran. 71-88. In: Khan,
M.A., Boer, B., Kust, G.S., Barth, H.J., (Eds.),
Sabkha Ecosystems. Volume II: West and
Central Asia. Springer, 263.

Allen, R.G., Pereira, S.L., Raes, D., Smith, M.,
1998. Crop Evaporation Irrigation and
Drainage paper, 56, FAO, Rome.

Alvarez, R., Alvarez, C.R., Steinbuch, H.S.,
2002. Association between soil organic matter
and wheat yield in humid pampa of Argentina.
Soil Science and Plant Analysis. 33, 749-757.

Ashiono, G.B., Wasike, W., Ouma, J.P.,
Gatwiku, S.W., Gachuki, P.N., 2005. Residual
effects of farmyard manure on stover and grain
yield of cold tolerant dual purpose sorghum in
the dry high land of Kenya. Agronomy Journal.
4,300-303.

Armon, A.N., 1967. Method of extraction of
chlorophyll in the plants. Agronomy Journal,
112, 121-123.

Ateia, E.M., Osman, Y.A.H., Meawad, A.E.A.H.,
2009. Effect of organic fertilization on yield
and active constituents of (Thymus vulgaris L.)
under North Sinai conditions. Research Journal
of Agriculture and Biological Sciences. 5, 555-
565.

Bates, L., 1973. Rapid determination of free
proline for water stress studies. Plant Soil. 39,
205-207.

Beers, G.R,, Sizer, | Y 1952.
Aspectrophotometric method for measuring the

break down of hydrogen peroxide by catalase.
Biological Chemistry. 195, 133-140.

@SRy Rl b (ool 055l Ll (o) 090
Cash, Lis (S ais oS lsle ool alex

e Slas 5510 Ko el sla Shy (Fp g S

&lw

Bradford, M.M., 1976. A rapid and sensitive

method for the quantitation of microgram

quantities inutilizing the principle of protein-

dye binding. Analytical Biochemistry. 72, 248-
254.

De Vos, A.C., Broekman, R., Groot, M.P.,
Rozema, J., 2010. Ecophysical response of
Crambe maritima to airborne and soil- borne
salinty. Annals of Botany. 105, 925- 937.

Glenn, E.P., Anday, T., Chaturvedi, R., Martinez-
Garcia, R., Pearlstein, S., Soliz, D., 2013. Three
halophytes for saline-water agriculture: an
oilseed, aforage, a grain. Environmental and
Experimental Botany. 92, 110 -121.

Gunning, D., 2016. Cultivating Salicornia
europaea (Marsh Samphire). Bord lascaigh
Mhara. Irish Sea Fisheries Board.

Hassanpour, H., Niknam, V., 2014. Effect of
water stress on growth and antioxidant enzyme
activity of Mentha pulegium L. at flowering
stage. Journal of Plant Process and Function. 3,
25-34. [In Persian with English summary].

Hu, Y.Y., Zhang, Y.L., Yi, X.P., Zhan, D.X.,
Luo, H.H., Chow, W.S., Zhang, W.F., 2014.
The relative contribution of non-foliar organs
of cotton to yield and related physiological
characteristics under water deficit. Journal of
Integrative Agriculture. 13, 975-989.

Im, S.A., Kim, K. Lee, C.K. 2006.
Immunomodulatory activity of
polysaccharidesisolated ~ from  Salicornia

herbacea. Int Immunopharmacol. 6, 1451—
1458. doi:10.1016/j.intimp. 2006.04.011.

Isca, V., Seca, A.M., Pinto, D.C., Silva, A.An.,
2014. Overview of Salicornia genus: the
phytochemical and pharmacological profile. In:
Gupta, V.K. (ed.), Natural Products: Research
Reviews. pp.145-176. Daya Publishing House.

Jafarzadeh, L., Omidi, H., bostani, A.A., 2014.
Evaluation of Drought Stress and Nitrogen
Biofertilizer on Some Biochemical
Characteristics of (Calendula officinalis L).
Iranian Journal of Biology, 27, 180-193. . [In
Persian with English summary].



Ve ol OF als el pole 53 ae (sl i

OY#

Jaleel, C.A., Gopi, R., Sankar, B,
Gomathinayagam, M. Panneerselvam, R.,
2008. Differential responses in water use
efficiency in two varieties of Catharanthus
roseus under drought stress. Comptes Rendus
Biologies, 331, 42-47.

Jill, E.C., Ciro, S., Mateo, V., 2012. Dissecting
maize productivity, ideotypes associated with
grain yield under drought stress and well-
watered conditions. Journal of Integrative Plant
Biology, 54, 1007-1020.

Miyashita, K., Tanakamaru, S., Maitaniand, T.,
Kimura, K., 2005. Recovery responses of
photosynthesis, transpiration, and stomatal
conductance in kidney bean following drought
stress. Environmental and Experimental
Botany. 53, 205-214.

Kafi, M., Borzuei, A., Salehi, M., Kamandi, A.,
Masumi, A., Nabati, J., 2010. Physiology of
Environmental Stresses in Plants. Publications
of University of Mashhad. 502p. [In Persian].

Kafi, M., Salehi, M., Ashgizadeh, H.M., 2011.
Shoreline agriculture: plant, water and soil
management strategies. Mashhad Ferdowsi
University. 380p. [In Persian].

Karimi, S., Abbaspour, H., Sinaki, J.M.,
Makarian, H., 2012. Effects of water deficit and
chitosan spraying on osmotic adjustment and
soluble protein of cultivars castor bean (Ricinus
communis L.). Journal of Stress Physiology and
Biochemistry. 8, 160-169.

Khandan, A., 2005. The effect of organic and
chemical fertilizers on physical and chemical
properties of soil, and (Plantago psyllium)
characters. Soil Science Master Thesis.
University of Ferdowsi Mashhad. [In Persian].

Kocheki, A., Hosseini, V., Hashemi Dezful, A.,
2001. Sustainable agriculture. The University of
Mashhad Publication. 164 p. [In Persian].

Ksouri, R., Ksouri, W.M., Jallali, 1., debez, A.,
Magne, C., Hiroko, 1., Abdelly, C., 2011.
Medicinal halophytes: potent source of health
promoting biomolecules with medicinal,
nutraceuticals and food applications. Critical
Reviews in Biotechnology. 32(4), 289-326.
DOI: 10.3109/07388551.2011.630647.

Lawson, T., Oxborough, K., Morison, J.I.L.,
Baker, N.R., 2003. The responses of guard and
mesophyll cell photosynthesis to CO2, 02,
light and water stress in a range of species are
similar. Journal of Experimental Botany. 54,
1743-1752.

Liu, L.P., Long Xiao, H., Shao Hong, B., Liu
Zhao, P., Tao, Y., 2015. Ameliorants improve
saline — alkaline soils on a large scale in
northern Jiangsu Province, China. Ecologhycal
Engineering. 81, 328-334.

Masumi, A., 2011. The effect of drought stress on
native populations Kochia (Kochia scoparia
L.) morpho-physiological parameters in field
conditions and greenhouse. PhD thesis of
Agriculture, Faculty of Agriculture. Ferdowsi
university of Mashhad. [In Persian].

Mishra, A., Patel, M.K., Jha, B., 2015. Non-
targeted metabolomics and scavenging activity
of reactive oxygen reveal the potential of
Salicornia brachiata as a functional food.
Journal of Functional Foods. 13, 21-31.

Mohammadkhani, N., Heidari, R., 2008. Effects
of drought stress on soluble proteins in two
maize varieties. Turkish Journal of Biology. 32,
23-30.

Munns, R., Tester, M., 2008. Mechanisms of
salinity tolerance. Annual Reviews in Plant
Physiology. 59, 651-681.

Pirasteh-Anosheh, H., Sadeghi, H., Emam, Y.,
2011. Chemical primary with urea and KNO3
enhances content under soil water deficits
among 10 wheat (Triticum aestivum L.)
genotypes at maturation stage. Colloids and
Surfaces Bio Interfaces. 45, 7-13.

Pourghasemian, N., Moradi, R., 2018. Potential
of using beeswax waste as the substrate for
borage (Borago officinalis) planting in
different irrigation regimes. Journal of Plant
Process and Function. 7(23), 163-178.

Raeisi, A.S.h., Galavi, M., Ramroodi, M.,
Rahimi, M., Farhadi, R., 2013. Effect of
organic manure, biological and chlorophyll
indicators of herb Isabgol.1st chemical
fertilizers on National Congress on Medicinal
Plants.Kish Island. Iran. 186. [In Persian].

Ramani, B., Reeck, T., Debez, A., Stelzer, R.,
Huchzermeyer, B., Schmidt, A., Papenbrock,
J., 2006. Aster tripolium L. and Sesuvium
portulacastrum L: two halophytes, tow
strategies to survive in saline habitats.
Physiology and Biochemistry. 44, 395- 408.

Ramazan Nejad, R., Lahouti, M., Ganjali, A.,
2013. Effect of foliar application of salicylic
acid on some physiological and biochemical
indices of susceptible chickpea cultivars under
drought stress. Journal of Plant Ecophysiology.
5, 24-36. [In Persian with English summary].



ovy L5 ys5les pliordion 5 (Soielsdyoe S Shs 2 ed ol b )lalpS 5 5 058 51 ISen 5 oL

Sacednejad, A.H., Razvani Moghaddam, p.,
2010. Evaluation of the effect of compost,
vermicompost and manure application on yield,
yield components and essential oil content of
cumin (Cumminum cyminum). Journal of
Horticultural Science (Agricultural Science and
Technology). 24, 142-148. [In Persian with
English summary].

Salehi Arjmand, H., 2005. Effect of
Environmental Stresses on Accumulation of
Secondary Metabolites in Plants. Proceedings
of the National Conference on the Sustainable
Development of Medicinal Plants. Publications
of the Research Institute of Forests and
Rangelands. pp. 305-307. [In Persian].

Schlegel, H.G., 1956. Die verwertung
organischer sauren durch chlorella in lincht.
Plata. 47, 510-515.

Schwarz, M., 1985. The use of saline water in
hydroponics. Soilless Culture. 1, 25-34.

Seibi, M., Mirzakhani, M., Gomarians, m., 2012.
Investigation of instability of safflower cell
membrane under water stress, zeolite and
salicylic acid consumption. Journal of
Agriculture and Plant Breeding. 8, 136 - 119.
[In Persian with English summary].

Shahid, M., Jaradat, A.A., Rao, N.K., 2013. Use
of marginal water for (Salicornia bigelovii
Torr.) planting in the United Arab Emirates. In:
Shahid, S.A., Abdelfattah, M.A., Taha, F.K.
(Eds.), Developments in soil assessment and
reclamation: innovative thinking and use of
marginal soil and water resources in irrigated
agriculture. Springer, Dordrecht. 451-462.

Sharifi, M., Afyuni, M., Khoshgoftarmanesh, A.,
2010. Effect of sewage sludge, compost and
cow manure on growth and yield and Fe, Zn,
Mn and Ni uptake in Tagetes flower. Journal of
Greenhouse Culture Science and Technology.
1, 43-53. [In Persian with English summary].

Shi, Q., Fei, D.,, Wng, X., Wei, M., 2007.
Exogenous nitric oxide protect cucumber roots
against oxidative stress induced by salt stress.
Plant Physiology and Biochemistry. 45, 542-
550.

Singh, D., Buhmanna, A k., Flowers, T.J., Seal,
C.E., Papenbrock, J., 2014. Salicornia as a crop
plant in temperate regions: selection of
genetically  characterised ecotypes and
optimization of their cultivation conditions.
AoB PLANTS. 6, plus071;
doi:10.1093/aobpla/pul071.

Tartoura, A.H., 2010. Alleviation of oxidative
stress induced by drought application of
compost in wheat (7Triticum aestivum L.)
plants.  American-Eurasian ~ Journal  of
Agricultural and Environment Science. 9, 208-
216.

Tetard-Jones, C., Edwards, M., Rempelos L.,
Gatehouse, A.M.R., Eyre, M., Wilcockson,
J.S., Leifert, C., 2016. Effects of previous crop
management, fertilization regime and water
supply on potato tuber proteome and yield.
Agronomy. 3, 59 — 85.

Torabi Kahbouni, S., 2008. Comparative study of
the effects of salinity and drought stress on
some  physiological and  biochemical
parameters of two species of Salicornia, MA
thesis in plant physiology. University of
Tehran. [In Persian].

Urbanek, H., Kuzniak — Gebarowska, E., Herka,
K., 1991. Elicitation of defense responses in
bean leaves by Botrytis cinerea
polyglacturonase. Acta Physiologiae
Plantarum. 13, 43 — 50.

Ventura, Y., Wuddineh, W.A., Myrzabayeva, M.,
Alikulvo, Z., Khozin - Goldberg, 1., Shpigel,
M., Samocha, T. M., Sagi, M., 2012. Effect of
seawater concentration on the productivity and
nutritional value of annual Salicornia and
perennial Sarcocornia halophytes as leafy
vegetable crops. Scientia Horticultura. 128,
189-196.

Walker, D.J., Bernal, M.P., 2008. Plant mineral
nutrition and growth in a saline mediterranean
soil amended with organic wastes. Comm. Soil
Science. Plant Analysis. 35, 2495-2514.

Wang, Y., Janz, B., Engedal, T., de Neergaard,
A., 2017. Effect of irrigation regimes and
nitrogen rates on water use efficiency and
nitrogen uptake in maize. Agricultural Water
Management. 179, 271-276.

Wu, Y., Cosgrove, D.J., 2000. Adaptation of
roots to low water potentials by changes in cell
wall extensibility and cell wall proteins.
Journal of Experimental Botany. 51, 1543 -
1553.

Zaghloul, R.A., Mohamed, Y.F.Y., Rasha, M.,
El-Meihy., 2016. Influential cooperation
between Zeolite and PGPR on yield and
antimicrobial activity of thyme essential oil.
International Journal of Plant and Soil Science.
13,1-18.



