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Extended abstract

Introduction

Camelthorn is a perennial plant belonging to fabaceae family. Camelthorn tolerance to salinity is very
high and it’s a halophyte plant. By using halophyte plants as species with potential for production in
saline lands, many outturns can be produced in these areas, one of these products is fodder needed by
livestock. Salinity and plant density are factors affecting forage quality. Increased salinity created by
sodium chloride leads to an increase in sodium ions in the plant and affects the balance of sodium to
potassium ratio and forage quality. Different plant ecotypes and genotypes absorb different amounts of
elements in their culture medium. Considering that one of the most important areas for the development
of cultivation of this plant is saline lands, which have been excluded from cultivation due to irrigation
with saline water for many years with increasing soil salinity, It is necessary to study the nutrients
changes in plant organs, which is one of the factors affecting forage quality in field conditions with
irrigation with salt water. This study investigates the effect of irrigation water salinity in two ecotypes
and different densities on the forage yield accumulation of nutrients in shoot and roots in field
conditions in two locations.

Materials and methods

The experiment was conducted as a split factorial in a randomized complete block design with three
replications. The experiment was analyzed in two separate locations. Experimental sites included the
farm of the Faculty of Agriculture of Birjand University and the Hojjatabad farm of Peyvande Khavaran
agro-industry located in Sarbishe. The experiment was conducted in 1399. Experimental Factors include
ecotypes at two levels: Krond and Voshmgir, Irrigation water salinity at 3 levels of 3.5, 7.5 and 12dS.m
and plant density at two levels were 10 and 20 plants per square meter. The main plots were considered
as salinity levels and the sub-plots were considered as a combination of density and ecotype levels.
Sampling was performed to measurement the nutrients of shoots and roots of camelthorn in mid-
October. Shoot sodium, potassium, calcium and magnesium were measured at the end of the growing
season.
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Results and discussion

The results showed that there is a negative relationship between the salinity and the forage yield.
Application of maximum salinity level compare to the control reduced the forage fresh yield from 2825
to 1868 in Birjand and from 2425 to 1931 kg.ha* in Sarbishe. The increase salinity caused a significant
increase in shoot sodium in Sarbishe from 1.39 to 2.68 percentages and root sodium in Birjand from
0.126 to 0.159 percentages and a significant decrease in root potassium in Sarbishe from 3.94 to 1.78
percentage of the plant dry matter. With the increase of plant density, the magnesium of aerial parts
decreased from 0.023 to 0.016 percentages in Birjand and from 0.028 to 0.02 percentages of the plant
dry matter in Sarbishe. Also, root magnesium decreased significantly in Birjand (from 0.015 to 0.011%)
and root potassium decreased from 5.6 to 4.8 percentages in Sarbishe, but Shoot sodium increased
significantly in both places. The effect of ecotype was significant on shoot sodium and magnesium in
Birjand, shoot and root potassium and root magnesium in Sarbishe.The Krond ecotype had less
potassium in Sarbishe than the Voshmgir ecotype statistically significant, so it had higher forage quality.
Forage produced in Sarbishe had less potassium than Birjand, so it was of higher quality.

Conclusion

Although the increase in salinity caused a decrease in the camelthorn forage yield. However, this plant
had an acceptable yield in high soil salinity at the end of the season. Therefore, it is possible to produce
forage in very salty lands through the cultivation of this plant. Magnesium levels of camelthorn shoot
were less than the required level of livestock and supplementary feeding should be considered to meet
the need for magnesium and prevent complications of magnesium deficiency in long-term feeding of
camelthorn forage. The shoot potassium is higher than the critical level for livestock and in case of long-
term feeding; it should be consumed in combination with low-potassium fodder. Also, due to the higher
shoot potassium of Voshmgir ecotype in Sarbishe, the use of Krond ecotype is recommended because of
the lower potassium level. Shoot potassium level in Sarbishe was lower than Birjand (9 in Sarbishe and
12% in Birjand), so forage produced in Sarbishe was more desirable. The shoot sodium and calcium
levels are optimal and there is no need to supplementary nutrition the livestock to provide these
elements. Although increased salinity increased shoot sodium, it had no effect on potassium (only root
potassium in Sarbishe decreased with increasing salinity), therefore, in salinity conditions, camelthorn
can maintain the potassium level of its shoots and this feature is one of the factors affecting the plant's
tolerance to salinity. Increasing sodium concentration was associated with decreasing root potassium
concentration, indicating competition of sodium with potassium for uptake. Also, higher sodium
concentration of shoots than roots can be considered as an effective factor in salinity tolerance by
increasing the gradient of osmotic potential from roots to shoots.
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Table 1. Soil analysis results before transplanting
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Table 3. Mean square of camelthorn Shoot minerals affected by irrigation salinity, plant density, ecotypes in Birjand

and Sarbishe.

Pl grows oIl iy Il S o ,Sdloc
Wl st s Fadgle
el lo® Shoot Shoot Shoot Forage

S.0.V ¥ @b g5 Shoot Mg? Na* K* Ca* fresh yield

Birjand RVE
Block Seb 2 0.000003™ 0.012m™ 0.004"™ 0.000008™  306315"™
Salinity (S) s 2 0.000138™ 0.084"™ 0.014" 0.000224"  4859795"
Residual Ls 4 0.0000685 0.018 0.002 0.000082 721537
Ecotype (E) eigst 1 0.000249™ 0.367™ 0.004"™ 0.000025™  286136™
Density (D) 1y 1 0.000179™ 0.408™ 0.004"™ 0.000205™  117135"™
SxE S xoaieSt 2 0.000006™ 0.009" 0.004™  0.0000003"™ 469069
SxD S x oSy 2 0.000016™ 0.092" 0.001™ 0.000075™  477809"
ExD wigSIx o515 1 0.000331™ 0.500™ 0.004"™ 0.000005" 31359
SXExD w1y x Gygix caisST 2 0.000024" 0.059" 0.005" 0.00009™ 118997
Residual U5 18 0.0000112 0.022 0.001 0.000065  4597095™
C.V (%) ol i ot 15.5 15.7 10.5 18.8 22.3
Sarbishe Al gt

Block Sals 0.51m 1.37m 0.0000008™ 0.000024™  584079™
Salinity (S) g 6.50™ 3.26™ 0.000356™  0.000088™  2726666"
Residual Uas 0.16 1.22 0.000113 0.000042 1810527
Ecotype (E) i ST 0.01" 4.42" 0.000004™  0.000093™  179988"™
Density (D) a1y 1.70™ 2.18™ 0.000595™ 0.000121"™ 232244
SxE 8995 X oS 0.23m™ 0.40™ 0.000492™  0.000088" 33861"
SxD 3 X oSy 1.11™ 1.50m™ 0.00019™  0.000280™  306700"
ExD i 95T x oS5 1.01™ 5.15" 0.000002™ 0.0000027™ 457991
SxExD w155 X (6 ygux i oSl 0.78™ 1.47m 0.000016™ 0.000060™  317692™
Residual s 0.10 0.76 0.0000602  0.000041 5269104
C.V (%) KA JUUES PR 17.3 9.3 313 16.2 26.5

Ao oo Glas ]y as 0 ) 50 Jlaol mhaw 1o o jixe g s pae e T3 4 s g 5 g NS
ns, * and ** showed that non-significant, significant at the probability levels of 5 and 1 percentage

VIO 6555 gl )3 o515 Gl (Jy wo S (2lse el
lon Pl oo Gl (53b fe ks
oS3 Gl 8l axlllass g0 oS 90,2 ;0 (T Joux) il
ORARCINEIR S SR VP RE [FURWAN N [ NP { W
s ] s o1 I3 L Ky oS s
30 doyd OY g Wz 40 doyd DA) (gl sae jeboay
Tokams 4l o gy 0 (7 J502) b il 38l (A oo
W VIO 5l 698 Gl 3l (o) 20,50 loceadsST g o515
asle o Sl me GRSl o e e

292 Pl o s
9 0515 0 gt flie Sl o515 5 qussST el S
Wz )0 55 gl el o @ST5 )8 GudeS]
G5 skl fladan s )0 (rizren (T J502) o2 )3 sne
5 0515 00 ST SIS 5o s bl ST g o515 s
- s (2l plail maw (lie p @S5 50 CuSgST )0 (5,90
(Y Jgo=) 09 ylo

5235 a5 515 el 4l 0l 35 3
s 50 e a8l 4 e fe oo VY 5 VIO



10 S 4y 5 gy plail Gaxe polie il 5o Slae  BLS oS15 5 oSl eyl o 58 b il Sen (25555

Ol 8l oy 0550 CudeSLAS 5 Codglle LS ase o
s Voo cdale o asigs olep plail pooi jlade g Bl
S Jl s vy e 3 VIV 4 o 9,57 Jolows (Vg
Halogeton) . sisglle  alexjl  codgle lals
cdlla WS 0wy VoA« (glomeratus
eisSTaw ;0 9 0o, /Y & (Thinopyrum ponticum)
Gardners SB, FK,) L& olS
3gr doy £ g F e 55 4 (Snowstorm FK

(Waldron et al., 2020)

Immigrant

39 (2o, YIEY) olen plal puas jlade cp 5Vl g 000§
515 9 Kediy caioS 50 S oo VY (559
e (A Jg0z) o3 caelive mojeye 0 aig Ve
oS Lz oLl Ll o BranS graie lgea
Sr9re a)S dw lalS wl) Gl Jy ol L3350
Sk ols o paie ol (Marschner, 2012) cous
29 00 GRS Slygye Jshlshad mpl s jo anyS
ol it 50 ol (il (lgiedy CodeS LS lalS
L as ol 5,155 (Moor et al., 2020) oS o oS i
e plail o polie o 0I5 S clale gl

Py Al 9 (ilgp plail (Gume polis o515 9 6590 Joliie 51.F Jgu
Table 4. Interaction between salinity and density on camelthorn Shoot and root minerals.

Birjand ReEgow Sarbishe  adcy yw
ol o ot pelS e by
st e ) slep plal (aled el Ay st adu
Sogd oSIF slgp plal Ay Root Shoot Shoot  Root e Root
Salinity Density  Shoot Na*  Root Ca**  Mg? Na* Ca? Mg?*  Root Na* K*
dsS.m? Pl.m? (%)
10 1.225"% 0.0136°  0.018? 1.483¢ 0.041% 0.0162°> 0.1767*%  3.6962
35 20 1.2920¢ 0.014®  0.0152%® 1.297%  0.035® 0.0216%® 0.1275° 4.28
10 1.083¢ 0.0123°  0.0096% 0.917¢  0.036° 0.0142>  0.14° 1¢
7 20 1.45° 0.016®  0.0126% 1.95¢ 0.049%  0.0272* 0.1467° 0.917°
1 10 1.217% 0.0176% 0.01942 2.457° 0.035>  0.02822 0.22 2.608°
20 1.7422 0.0133°  0.0076¢ 29172 0.039° 0.012>  0.1467° 0.967¢
LSD 0.254 0.0038 0.0049 0.385 0.0077  0.0096 0.0299 0.432

Al o I sire M WS gt o 40 dlico g, o)l Slac]

Means with similar letters are not significantly different at 5% probability levels.

o ) 055 95 L0 5e mad o p3 00 Sl a8 lalS
=1 5L (Alldredge et al., 2002) wiles ¢pels osles
(Moor etal., 2020) coul oo +/) s 4 (SbsS 45
NRC, ) casl ao o Vo 5500 pls jo ol Jooss BB o> g
=52 Al o e Lo gl Lulul a5 Jl> s (1996
Sllgas 5o o ol bapls gl gllas w0 i 1>
e piz 3 g Sl sk 92 slapl 2 (Shel 095l
el Job o6 jonl i (95 L8 oz 51 Su )5 52
35 G geas slaply JUE 5 Loazeale 2L 3l
Slge xezs Lilydl 5 oS15 2ol58l 31 .(Robbins, 1993)
Sl oad IS S Wi o)l e (S
ol ol sy98 Lialil (Aghaalikhani et al., 2008)
o8, T 0 gl plail pos polie jlo cre (iol58l o
(Cornacchione and Suarez, 2015) ws,5 assg

cbable wilg o bewdsSls O beudglle

g3 olyteds WS oo 355 lge a3 | s VU
- ko Y+ 5,e 0 a5 Slo; Salicornia maritime o
ool 4ol Sp e clle 085 8 6550 Vs
owezes (Flowers et al., 2015) cél il Yoo Lo
Tecticornia > slas ozl bowsglls 55
o9 2lep plul o 1) Vee VIO 0 (o puaw 5l glaclale
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~eble Jod 8508 CodgSlS S plgrear @p S 50
UlHag) s,las 1y Yge o Vo v 0> 0 5y oo 5l sl
Sl 4 sladgle lals el o waw et al, 2013
(NASEM, 2016) s,ls 3525 bpls 5Lis 50 o> 5l e
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Table 5. Mean square of camelthorn root minerals affected by irrigation salinity, plant density, ecotypes in Birjand

and Sarbishe.

e

GOl Ay e Wy moww  dday eeeliy Al proanndS
S.0.V ¥ @le g Root Mg?* Root Na* Root K* Root Ca2*

Birjand RVE
Block Seb 2 0.000001™ 0.001" 1.70m 0.00005"
Salinity (S) Sag 2 0.000091" 0.004" 1.96™ 0.000009™
Residual ks 4 0.000011 0.0002 5.04 0.00001
Ecotype (E) dsst 1 0.000016" 0.0003" 0.22 0.0000027"
Density (D) oSy 1 0.000134" 0.0008" 10.80™" 0.0000001"
SxE Sog xpigSl 2 0.000036™ 0.00001"s 2.40m 0.000049"
SxD Sogx oS1yi 2 0.000136™ 0.00001"s 0.29" 0.000048"
ExD isSIx oSy 1 0.0000001" 0.001" 3.62" 0.000413"
SxExD w51y x Gyguix caigST 2 0.0000005" 0.0004" 3.78" 0.000065™
Residual ks 18 0.000016 0.0075 0.88 0.0000098
C.V (%) s g i 29.8 14.8 11.4 21.6
Sarbishe  adco yw

Block ol 0.004" 0.89™ 0.000011™ 0.00000078"
Salinity (S) SIag 0.002" 25.5™ 0.000010M™ 0.000048™
Residual Uas 0.0004 0.769 0.000014 0.0000096
Ecotype (E) R 0.0002" 4.35" 0.00039" 0.000049"™
Density (D) oSy 0.009™ 1.49" 0.000004"™ 0.000032™
SxE S50 Xz g5 0.001" 2.84™ 0.000228" 0.000004™
SxD b x o515 0.003" 3.68" 0.000668™ 0.000003"™
ExD G oS x o513 0.001" 1.33" 0.000004"™ 0.00004"
SXEXD STy x 59 ST 0.001" 4.64™ 0.000339" 0.0000004™
Residual Uas 0.0006 0.19 0.000062 0.000015
C.V (%) Oy 15.8 195 39 18.6

ns, * and ** showed that non-significant, significant at the probability levels of 5 and 1 percentage.
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O'Og | Yz Jorgoms 51 590 S S slasle ;o o

35 75 12 238 JsSly lalie ;o ol (9,000 Oysy (51 b

S23 2 658 sialidl 36 (Chen and Jiang, 2010) ss 5
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Fig. 3. Effect of salinity on the camelthorn root Na

content in Birjand. JRRCHRSNS Q’;—) 5 4l @|& ol sgime b aig [‘,5\)3

(Raymond et al., 2009) el oo oonlive
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Table 6. Interaction between ecotype and density on nutrient accumulation of camelthorn Shoot.

Birjand =« Sarbishe iy yw

rlS 2w ™2 o pladl paliy  plol my i ey

Sl o1y Al lgp plail - (2lga plul <l <l9® P
Ecotype DFﬁr:slzty Root Ca*  Shoot Na*  Shoot Mg?* %Shoot Na* Shoot Na* Root K*

&S 10 0.108° 1.2 0.0182° 8.43P 1.767% 1.89°

Krond 20 0.01752 1.172° 0.0198" 9.68° 1.867° 1.87°

Sy 10 0.01822 1.15° 0.0296° 9.89° 1.471° 2.972

Voshmgir 20 0.0113° 1.8172 0.0190P 9.63? 2.2428 2.18P

LSD 0.0031 0.2081 0.0033 0.865 0.3145 0.43

Al o o piee U] WL ot o 0 wlie B> o))l olae]
Means with similar letters are not significantly different at 5% probability levels.

B ads )y 9 292 el (Gaxe polie p oSl g )9 Jliie 1LY Jour
Table 7. Interaction between salinity and ecotype on camelthorn Shoot and root minerals.

) Sarbishe  auis Birjand <> s
g oS5 L U N )
Shoot Mg?* Root Mg?* Root K* Root Ca?*
ds.m? Pl.m %
2 Krond 0.018b¢ 0.0136" 3.683P 0.014°
> Voshmgir 0.034° 0.0242¢ 4.213° 0.0136"
75 Krond 0.0322% 0.0144" 1.05¢ 0.0156%
' Voshmgir 0.026%° 0.0272 0.867¢ 0.0126"
" Krond 0.0220¢cd 0.0218%® 0.917¢ 0.013°
Voshmgir 0.014¢ 0.0184% 2.658¢ 0.018?
LSD 0.0094 0.0096 0.529 0.0038

Al oo o gime BTGB gt jo 50 aline By, sl slas]
Means with similar letters are not significantly different at 5% probability levels.
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Table 8. Interaction between salinity, ecotype and density on camelthorn Shoot and root minerals.

Birjand ws Sarbishe adics yw
by ool o
95wl WSl ada adg Mgy pie lsh el A ety
Salinity Ecotype Density Root K*  Root Ca** Root Mg?* Shoot Na* Root K*
dS.m? Pl.m? %
10 g 0,0126%e 0.0044¢ 1.66°% 3,780
Krond 20 8.83®  0.0153" 0.0228abed 1f 3.58¢
35 _ 10 9% 0.0146%e 0.028%* 1.30¢ 3,600
Voshmgir 6.05¢  0.0126% 0.0204bc 1.59¢ 4,818
10 8.83%  0.0106% 0.0104¢ 0.93" 1.03¢
Krond 20 776%  0.0206%® 0.0184¢ 2.20bed 1.06¢
s 10 9.4%  0.014% 0.018% 0.90f 0.96¢
Voshmgir 8.87%  0.0113% 0.036° 1.70¢% 0.76¢
10 8.85%  0.0093° 0.0328% 2.70° 0.86¢
Krond 20 771 0.0166" 0.0108% 2.40° 0.96¢
12 _ 10 871%  0.026° 0.0236%¢ 2.21bcd 4,35
Voshmgir 7c 0.01¢ 0.0132¢% 3.438 0.96¢
LSD 1.60 0.0053 0.0135 054 0.74

il o I siee U WS g o 40 dlico Sy, ol Slae]

Means with similar letters are not significantly different at 5% probability levels.

oo |y Ak, bme 4 Sy Sl ely @
5 s YU polie umes (Shabala et al., 2005)
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Fig. 4. Effect of salinity on the camelthorn forage fresh
yield in Birjand.
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Fig. 5. Relation between camelthorn forage fresh yield
and end season Soil salinity.
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