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Abstract

Background and objectives

Due to the limitations of freshwater resources, using other sources, such as drainage and
seawater, is inevitable for fodder production by halophytes. Salicornia species are the most salt-
tolerant plants (Eu-halophytes) that grow directly in seawater. The plant shoots could be used
with common fodder plants for livestock feeding. After oil extraction, Salicornia seeds contain
43% protein. The research objective was to select the most suitable Salicornia species in terms
of yield and fodder quality in Bushehr Province.

Methodology

To investigate the yield and nutritional value of Salicornia, this research was carried out on
Salicornia bigelovii and four native ecotypes, including Bushehr ecotype (S. sinus persica
Akhani), Central Plateau ecotype (S. persica Akhani subsp. Sersica), Urmiai, Gorgan and
Markazi ecotypes at the Salinity Research Station of Bushehr Province. The area is
characterized by a warm and wet climate with low annual precipitation (217 mm) and high
annual average temperature (24.0 °C). A three-replicate randomized complete block design was
used. The field was planted by seed sowing and irrigated with Persian Gulf water (60 dS m-1).
Aerial plant samples were prepared at vegetative growth to determine the fodder nutritional
value of different plant species and ecotypes. Values of aerial ash, crude protein, non-protein
nitrogen content (NPN), acid detergent fiber (ADF), neutral detergent fiber (NDF), acid
detergent lignin (ADL), and metabolizable energy were measured. At the end of the growing
season, an area of one square meter was taken from each experimental unit to determine
biomass dry weight. Data were analyzed using SAS software, and mean comparisons were
performed using Duncan's test at the 5% level.

Results

Results showed a significant difference in dry biomass between different Salicornia species and
ecotypes. Bushehr, Central Plateau, Urmia, Gorgan ecotypes, and S. bigelovii dry biomass
amounts were 18.29, 14.64, 4.22, 4.60, and 6.71 tons ha-1, respectively.

The highest and lowest values of shoot ash were 54% and 46% of dry matter for Busher and S.
bigelovii, respectively. There was no significant difference between species and ecotypes in
crude aerial protein. The crude protein content of aerial varied between 6.9 in the Central
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Plateau and 8.6 in Bushehr ecotypes. The metabolizable energy of fodder was estimated
between 5.17 and 5.74 MJ kg-1 of dry matter; the lowest and highest were attributed to the S.
bigelovii and Urmia ecotypes, respectively. The highest and lowest cell wall indicators of
neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) were
related to the Gorgan and Bushehr ecotypes, respectively. Fodder gas production for different
Salicornia species and ecotypes was significantly lower than for alfalfa during incubation.
Among different species and ecotypes of Salicornia, the highest and lowest gas production rates
were related to S. bigelovii and Urmia ecotypes.

Conclusion

To provide livestock fodder on the province's coasts, the Bushehr ecotype (Salicornia sinus
persica Akhani) is generally recommended for planting due to its high yield and adaptability to
the region. However, due to the relatively high ash content of the plant, only a part of the
livestock feed could be provided by the plant fodder. Therefore, to properly use the plant fodder
in livestock feed, it is necessary to determine the daily consumption of fodder in the ration.
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VAY Yooolea Ve W ol ) QUNJC;}A Oldss e 4y

(Salicornia spp.) Lisedle ciliswo Sdigs o1& (g3l § 0347 S ) 4wy lao
Sl e

Tl SLL slmaame 5T dalo (alaaeme T Sl 33 Y i ceede
ranjbar71@gmail.com : s SI s ol nl o33 15551 s 5 (2isel (lidiod ool (5t Slidod a5 ltils Jsten sy 5 88
ol al e sioslas [ u‘l’er Slidos plajle (g Olidos o S e Gloliul-Y
Ol i 155098 s 5 el (i plodle ptpr ol b wlie 5 (65508 (2558 5 Sliiss S50 lsland Y

olal s (si0\eS o5 s ST AR U WS AT = o S egime Y
AAEAVARVAR uﬂjubc)\.. \f'\/'f/'\’:&é\,{)aé{)b’

ouS

RV

23U ol b0 b aiske ads o Lol 5 boTes asle sas w5l eslizal i b O plie cussime Js 4
b s ool bty clblB a8 aial e (bl Cano58) osd 4 Jooute [l oS 5l L, Sl b 8 ol
oS &l s sas ealial el an s oxlite 4 laisle lalS L b S5 5o olyie oS alsla 51l Lo <!
555l 8 e Gl o el 3 Ban asl g s 4oss TY hls i el 5l e iy Sl
25 s ol Jale Sls s asle oS 5 5 Sles

Lo, 58l
<55 Ll 5 (Salicornia bigelovii) GJ}K:‘. XTI -EE R IARFICW W e 25l 5 s Sas e skl 4
oewsl L3 (S, persica Akhani subsp. persica) &3S, 5 o8 8 cams,l (S. sinus persica Akhani) ess Jels Py
By s b TIV) S UL 0L b osb e s 08 dilin plsn 5 OF lale as ol gy plaal (550 Olidos
S cls g S5 A by slas S GiSsh £ b cose 4 bl s a8 sleas s YF AVl &l an )
wbgle olie 35)] e sskie 4y A2 6)\:9.T S R ey g P é;«g‘ el b e, C'\" &j Lds )0 oo s r\ed|
03548 Ol e ‘("5 s S ao s olie 5 4 e Gl S 655 ol le sl ‘5‘*\5 Lged sy M) oLy o
FB 350 5 sl a5 wian BB &I (3 sd g3 0 Jobonal SUI ol st 53 Jshonal UL (255 5
g;‘i“i\")']' axly ol e e S Calis gy Sl 055 om sslate & 2y b oLl s as Sl ] 52le
il us s 0 Ch»/ 2 s ol Q}A)'T 5 ealanal b uﬁ\,.a Slwlis 5 4 555 SAS )\}\rj’ Sheslizad b Waesls .ays 8 casls

@L:J
O e ccaily 5o s L, S d@éu%;\j&;w&:} 035 G olme K5 3 ol e Dol a8 sls ol cv\...a
S¥/8 JIVY NF/EF AN s a4 6088 655 5 085 sl (65t Slew Sl Gl s Sid e35 Ca
&;3*:ﬁ%§\@‘bﬁf;§bm\nm°93z0\° C)\):.AAJ.%.JSAej'.“qs\_‘;O‘ﬂd“;asjd“%.ﬁj)w)\ﬁéf/v\


mailto:ranjbar71@gmail.com

.. &L’\.&- &j)‘ 9038 Caww ) 4....“'(3»

o s ol et ssmy lesle P 5 e 5l b Sol el 5 85 e s s
Js5&e O/VF 5 O/ \Y O A gle V.‘.Jyha BB 55l g Ooslie gam Sl o AP 65 0 S 5o P/ o e )lis s
A0S 3 it 33 sl oS 5 S 85 4 b i & 0l ot s e S s 355] xS wsle o SHkS
u,.gJ 5 (ADF) (gl suiy 5 50 Jsloals GUINUNDF) i ooty s 5o Jolonal SUI Juls Joke o)lss b jasle o) 5
238 Ay Ky i boanlie 53 o gim 5 085 Sl sSl 4 by s i 4 (ADL) gael sy g 3 pan LB
Cilisee S 5S35 655 o 5o 0 maS oSt ol 4 Lol Gilise a5 658 W 5ke L pe il Slele

RS NP PRI CHP S SO S V| LS W P RN M W ISP (W

S ant
iz 81 05 8 e SNt ol 5l 35e W5k 5l i omel olite 4 plaed Jolpe 53 S (g1, (sinus persica Akhani
C.MQ.)\AM‘ )_,L..Aéuu;\j\.q .an u*‘L eL?ua\ A.s_,.\.c ‘L.\.ﬂ‘,) .,\.;\‘,;‘5« r‘.} AP)‘MLG.Q m\.‘,f JL)L...;J...S\:-JLL:-AJ

.;:jf&aaseﬂ):Aé}lsﬁ\jjjgéjmo\ﬂ;)bbjjfb‘rbAi;\i?))a\:f@'\é‘é‘,l;j\

(S0 e o0k pld 438 (B s e BU i gudS sbe 3l

VAY

YW L RN VEW I S P U PRI SRR
Jle sl 5o ctsf o5 olm Qe apae s wd
Csf e Bgle 258 G Galee aw i VYol Jlss
slge 5 dbsle (S ot 15y 4 ax s L)l 32
0335 3 ol Sl Sl Gl e 5 s
5 eolizal w5l sile Jpane Jals sbead b 51 s, Ss e
JERNESt SR ERE- U JURN [RPSR JCHIE SUR A K 4
2 e Sl s 5 el (GBSl o
PR R o e e
Wil el CaS Ll plie asle das w51 eslind
it 0L S ads s s of 5 Lol
5558 3l 25m sbsle Sl ik el G L glasyle
(Rezaei & Aghashahi, 2017) ssl . 3L Olusl
S ke Caioss LIS spame 1 SE LSl
Glenn et ) 5,05 Lo o 51 et eslizal | sz, ol
A e 3 olS 650 a4 Jeos skl wis » al, 1998
Ranjbar & Pirasteh-Anosheh, ) sl s ol 540
il gl 25 b olgoe 1) Cosgume ) 4l (2018

ozl Bl 53 o 5dy 008 e 4 5 e sk Sles

doddo
2 2Shss 4 aay eslhe slasl byl a s
Sasde Wy des Sl elll leslg 5 Y s
aS el J jo cpl g aalea Hlas e s Sloss Coenl
6)}1@%\“})%5:5th@\#¢4334~;}4>4¢
SNl 5528 s Wl Wyl slaske (LIS
Sz ol 5l e ool Aal s 25m e Consy o
ShSias ol Lyl 5o a8 a8 o)l (g rig Cenl
A sbdlss e gl oSl 5 sl S
ol esde .l oag Al (S Al 00 5&ile 4 s
& H9aS 50 s JB ;s'-’T @\.;a el sl b dl s
CuiS &S g 4 S Cdl S sl eaae LY
Sl sas anlse e L b slesle ols
i S S8 Sae 5 p it S 5 it s oS ]
‘_-ﬁ.\ J.Jy [WVES sl e.,\.:.:S)\}A.;‘;.S dur\a J.;{; 5
6"“\'“\ sesly 55,5 oSl WPA AN S OY gams
L dass |, \.c:r\; Shaes cpl olg g Lsw 5 OL3 o g
els 158 oBas (3500 &Sz o ses s DI
sl ol 4l mlasS slpe wdis b plyte s 4



\AO

Uit el o YY ssue b silg e oS sl
5! (Rezaei & Aghashahi, 2017) » . f" o i
2 LSl Ll wde Goae oy, b
5 o b O er o2 oSl slapls
ar gy b oam Bl ol sid 4o sad 05 xS ale
2 gle o slgi Loy Sl VL mSle i &
i sasle b oS5 s el pliE o 5o olS Gl
(Glennetal., 1998) 55 5 & ;20 o wliS 5 Jpane
Sl ol s bos o e wle & an g b Gl
Lis cos 85 ) calS b, l o4 peS
Bl 5l pis s e ol o ol bl
18 onl 02 G5oleS OV pame W5 e sy Gl 2,5
e (B me adins 5l Gan 1 el eSS
Fle ol 5o S s (WS Shas i 51 L) sSUL 658

St g ol

g, g olge
Sy dde Hlude 5 olie a5, alie ki 4
2 Gis o) LSl e i ST RS
u’“’)jj s Oliiss S st Olidw oK)
Sy ed J=le s g pladd @...l: @L’-‘ PRUSEYI%AY
28 L Jols ey 4w Oldes s bl
5> 4S5 e Oy C'E—‘“ 5 S il 3,
Lo obazy 5 Gom (aold omd 4 5 a2 o) Keu
Foor 2SSl o sllY. wa e
(S. bigelovii) 550 6,5 cals w5 ag e sl
S.sinus ) goe Jolo em Sl Ll ol 4
S. persica ) ;5 5 588 «asy,l (persica Akhani
29 WWAA oo VY '@J\s s (Akhani subsp. persica
ol b Ao ac )5 rL?v" S s r;f\e.s Ve ool
oolizel ) 50 CJL A e gl (ol C*L"') Lo
sad St s S5 an by sl el claS,h
Vodsdr 50 wm ey e 5 opd asse SBoCaL
Y odsar 5o s b s R P I S

Voo lad Ve ala olal oble 5 e Oliiow oo 4 0

(Ranjbar et al., 2019) o S 55 Ol 5l s
o calS aale Lo of Bl eslaad b LSl Wy
Sl (S il asle s el gble
Glenn et al., ) s)ls gosan Qs o 5 o5 st
St adyle coaS Lol eimes (1998
RS R P R I WY G S
0 pls andi s Hs b 4 Glasle plalS L
Norman et al., ) cwl sui 218 Calise Sl
e oS el saz ) .(2013; Abdal, 2009
Ve sl G e i e S 4 LSl
slaosle JlalS L b S5 5o el fe )
Stz abple 1Sl sos xS ol oy wdi ol o
555 ol OU s el (aoys 00 1) Y bps o]
Khoshkholgh Sima et al., ) s)ls o5 war oLl
5w S8l ee (2019; Atasoglu et al., 2010
ailie S ol Wl aons Voo iy, gl
9 3l s s Aoy FY L &S (Hodges et al., 1993)
Attiaetal., ) 5,3 13 eolizals) 0 pls 43 55 &l o0
0o slas e sl K s (1997; Glenn et al., 1998
Sy o as asls ol 5t sl O 8 L casS
Glr e bS5 0o WSl wsle 5lusa YO U
Abdal, ) sse eslad win S sl S U
Sl olaie S s e adla. s (2009)
50 WSl wide wo)s YO ) eolanad 5o Ul
5 e bl (el sl el sat dpo g pls o
5 LSl wple ilise lacns Sl eslanal b 58
VWO 6ol Dlas Lo bl ad, it e S 4l
dons Voo el 5 sa samlie U, SUl ss s
So8 avo s BBz, S s 4 e s LSl
o) JS,sk (Khoshkholgh Sima et al., 2020)
Joliz oS sl Jo e lawl s s Sl wple olie
w4 (NDF) Jole o)lps pla zasle (s 55 5
5 03g St s3le Ao, YA/YY FF-0- AY\F )l
(¢ S 5hS 2 S JTED VY Jlas i L6 (5551 55



.. &L’\.&- &j)‘ 9038 Caww ) 4....“'(3»

4 SB e gl £V Gas Gl gl cnl
03 D e ey ewd OV/0 5 YV/A SY/Y Cw s
G Cug ool 38 Cug Jler 0 s aa, Jas Job
Shds 5 Sw Sopo a1 LSa L3 p SAS Vs plie
5 OBl 8 Sms asy dab Jsb s a8 e ol
5 655 N NG EN a5 ol
WA/ F/TV ol 53 4, 5m Lo sad axilS clags )

RO PRV RESPY I B SO

\AF

s 53,5] sl 5l as 0 S pless b S5
Jsb 5o 5oL G amin » s o as )5 6)@.1 sl
4 s bl s 5y Cug g ol 4 ol 5 Ll
ol 5w SB (g0 ol I bl skt
Sl ng..adu\.u oV 5 Yo Glages o Cilise
Gos L as e S (o) Lo s ag S &
Sh e 5o N0+ 5 Ve YO S g sle Fems

Fa g o ysd £o/N 5 00/Y FY/F Cs o4 sl

s s Jole s b s O abass b S35 S -\ oo
Table 1- Some chemical properties of Persian Gulf water in the coast of Delvar city

SAR (meq ) pH =C
K* Na* Mg?* Ca?* S04 cL HCO3 COg? (dsm?)
60.46 - 526.33 127.17 24.39 617.45 1.80 - 8.19 60.20
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Table 2- Chemical properties of the field soil before planting
(meq I'1) Salinity Depth
SAR PH @smty  cm)
SO42- HCO3- C032- Cl- Ca2+ Mg2+ Na+
3151 70.96 1.6 0 319.18 92.81 41.08 257.84 7.35 34 0-30
28.31 58.85 1.5 0 335.92 109.55 41.08 245.65 7.38 34.4 30-60
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Figure 1- A view of the field on 2020.06.16 (1. Bushehr ecotype; S. sinus persica 2- Central Plateau ecotype; S.
persica Akhani subsp. sersica 3- Urmia ecotype 4- Gorgan ecotype and 5- S. bigelovii).
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Table 3- Mean squares of nutritional value and amount of dry matter of different Salicornia species and ecotypes
under irrigation with seawater

df BDW Ash CP NDF ADF ADL NPN ME
Species - . " . - .
4 1223577.78 35.95 1.31m 35.09 8.91 2.03 1.23 0.16**
Block
2 2595.72™ 15.56™ 2.32m 15.25" 3.09m 0.01ms 0.21m 0.12*
Error
8 13553.61 7.75 1.81 6.42 1.54 0.21 0.29 0.02
C.V.
- 12.01 5.66 18.18 11.70 12.30 15.96 14.15 2.42
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Table 4- Comparison of fodder nutritional value of different Salicornia species and ecotypes

CcpP NDF ADF ADL NPN ME
Species/Ecotype % dry matter MJ kg of )
(dry matter
Bushehr ecotype 8.55+0.95a 17.40+0.75¢ 7.87+0.39¢c 2.33+0.10b 4.87+0.38a 5.26+0.08bc
Central Plateau eco.  6.94+0.41a 19.88+1.01bc 9.20+0.37hc 2.47+0.14b 3.64+0.12b 5.50+0.08ab
Gorgan eco. 7.34+0.98a 26.60+2.36a 12.33+0.91a 4.27+0.23a 3.71+0.35b 5.31+0.11bc
Urima eco. 7.15+0.19a 22.67+0.99ab 11.13+0.39ab 3.00+0.24b 3.43+0.05b 5.74+0.12a
S. bigelovii 7.02+0.15a 21.73+0.96abc 9.93+0.87abc 2.33+0.19b 3.22+0.04b 5.17+0.02¢c
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In each column, the averages with the same letters do not have a significant difference. CP: Crud Protein; ADF: Acid Detergent Fiber; NDF: Natural Detergent Fiber;

ADL: Acid Detergent Lignin; NPN: Non-Protein Nitrogen; ME: Metabolizable Energy
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Figure 4- Rate of gas production of different Salicornia species and ecotypes during incubation times compared to alfalfa
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