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Table 1. Chemical analysis of highly saline water (diluted with tap water of 1:20 ratio)

ol o1 Anions o358 Cations o o
e meq/lit) meq/lit) e
IéC pH — Rt

2 - - 2- 2+ 2+ + + 2
(dS/cm) CO; HCO;, Cl SO, Ca Mg Na K SAR RSC
25 7.94 0 2.77 223.11 195 405 2952 2113 051 5157 -308

allas oady (5 puSo3lasl calisee Slae Slayye (1 Silo sl Wil lg 432 .Y Jguar

Table 2. Analysis of variance for mean squar of different measured traits of fenugreek

- p tsmaes ek kgl O el oy amelS b
S = fé’ . @l Emergence o Root Stem e Seedling Seedling
ources ot variance df percentage Emergence length length .Seedlhmg weight length
rate vigour index
“5)9“) 6 1795.5%* 55.03** 252.99%* 42 44%* 725.31%* 1819.60**  500.26**
Salinity
E Mf 4 123.37** 2.13%%* 4.24%%* 5.60%* 21.78%* 287.33** 19.45%*
cotype
,ofﬁxd)}& 24 15.75%* 0.449%* 1.128%%* 0.634%** 3.533** 71.369%* 1.945%%*
Salinityxecotype
Uas-
B 70 5.134 0.066 0.227 0.093 0.518 0.992 0.380
rror
1) Ol S o
(1) Sy o2 11.487 8.794 5.474 7.177 7.912 4.923 4.762

Coeficient of variation (%)

**: significant at the level of 1%

1Y g jo o sxe e
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Table 3. Fitted equations for responses of fenugreek to salinity at seedling emergence stage using experimental

models

Y Joe
Ecotype Model

&z o abal,
Reference equation

o oaly 3l abayl,
Fitted equation

b o 4
Three-piece linear'
G5

Sl Sigmoidal"

Ardestani al o Jop Sy iz

Modified multi-component

alSgs oles Jule

Duble expontial factor'

111

Y=100-1*(EC-a,)

Y=Y,/1+(EC/ECs,)?

Y=Y, /IH(EC/ECs)“""
EC50)

Y=100*exp[a(EC)-
b(EC)’]

Y=100-6.95%(EC-4.69), ’=0.943
Y=Y,/1+(EC/11.58)**, 1’=0.983

Y=Y,/1+H(EC/11.58)“"1%2 ?=(0.983

Y=100*exp[0.0271(EC)-0.00757(EC)*], *=0.978

ol s
Three-piece linear'

GSgeTe
Sleas! Sigmoidal"
Isfahani adl s Jop Sz iz
Modified multi-component
lss los Jule
Duble expontial factor'

111

Y=100-1*(EC-a,)

Y:Ym/l+(EC/EC50)p

Y=Y,/ 1+H(EC/ECs))“"**
EC )
50
Y=100*exp[a(EC)-
b(EC)’]

Y=100-7.25*(EC-4.90), 1’=0.917
Y=Y,/1HEC/11.47)*"8, ’=0.972

Y=Y,/1H(EC/11 47)%"155% »=0.972

Y=100%*exp[0.0304(E£C)-0.00803(EC)*], r*=0.955

SN
Three-piece linear'
SSgeSems
JEREES Sigmoidal”
Hendi il e Jo3 Sy iz

Modified multi-component

alFg oles Jule
Duble expontial factor™

11T

Y=100-1*(EC-a,)

Y=Y,/1+(EC/ECs,)"

Y=Y,,/IH(EC/ECs)“""
EC )
50
Y=100*exp[a(EC)-
b(EC)’]

Y=100-7.55*(EC-7.83), 1*=0.804
Y=Y,/1+(EC/14.24)>*, ’=0.936

Y=Y,/1+H(EC/14.24)*71-%5 12=(936

Y=100%*exp[0.0240(E£C)-0.00505(EC)*], r*=0.887

Three-piece linear'

GSgeRe
Sge Sigmoidal"
Mashhadi Qb s Joy Sz aix
Modified multi-component
alfys ol ke
Duble expontial factor™

11T

Y=100-1*(EC-a,)

Y:Ym/l+(EC/EC50)p

Y=Y,,/1HEC/ECs0)*"™
EC )
50
Y=100*exp[a(EC)-
b(EC)’]

Y=100-5.13*(EC-1.69), 1’=0.954
Y=Y,/1HEC/11.07*7, *=0.926

Y=Y,/1H(EC/11.07)%%%% 12=0.926

Y=100*exp[-0.009(EC)-0.00455(EC)?], 1’=0.948

D

Three-piece linear'
GSgeTe
SR SigmoidalII

Neyrizi il e Jo3 Sy iz

Modified multi-component
alSgs oles Jule

Duble expontial factor'"

111

Y=100-1*(EC-a,)

Y=Y, /1+(ECIECs,)°

Y=Y,/1+(EC/ECs,)“"*"
ECS())

Y=100*exp[a(EC)-
b(EC)’]

¥=100-4.63*(EC-1.57), ’=0.936
Y=Y,/1+(EC/11.71)*'5, ’=0.931

Y=Y,/1+H(EC/11.71)**%7° ?=0.931

Y=100*exp[-0.017 (EC)-0.00329(EC)?*], *=0.936

(I: Mass, 1990; II: Van Genuchten and Hoffman, 1984; I1I: Steppuhn ef al., 2005; IV: Wang et al., 2002)

STas (ECspeyas o LidlS oot tleg,90 4 Joow ailiw] a8 b pué Ll ys 0 0 See iSTas 2T, coms 3, Shoe Y Volao oyl jo
il oo dolee ;o ol Culps b 5 ( oxie cud 18 0,28 Cull Pl o 2alS 04T 5 Shee ] 40 a5 (5,90

In these equations, Y: relative yield, Y,,; maximum yield under non-saline conditions, a,: salt tolerance threshold, I:

emergence declivity rate, ECs,: maximum salninty at which the yield is decreased by 50 perecent, p: experimental constant,
s: slope of the curve, and a an b denote: equation constants.



bF

wdlidicss sLodgl (B (59 4 Joodd wilivw] v (i 9 b3l i) KeR 9 Ly

Jow alwg @ oads oo i ECsp polie aslie

aS ol lid (cewd dw b Joe b (gudgeSn

4 bazalS b jew do)ps ol jo o5 (5,50 ke

alllos sbhosgs plod gl Wb oo (20lS 007 lme

BT g 039 GadgeSonw Joo wlie (owyp 090
O ) ols plas ol b Sl

100 7

~ *  observedsadsastts bly
=== sigmoidal s st

= linear s

a
30
20 Y=Y/ 1HEC11.38)")
10 ¥=100-6.95%( EC-4.69)
]
(] 4 8 12 16 0
(dS/m) oo 530
Water salinity (d5/m)
‘_ét.»u))
Ardestani

100

*  observedsas sualsa blai

=== sigmoidal suisef

(RN

Emergence (%)

FLY i s

Emergence (%)

wl PV IHEO14245%)

¥=100-7.55%( £C-7.83)

o 4 g 12 1& 0

(@S/m) o7 55
Water salinity (d5/m)

SD

Hendi

Emergence (%)

5 ol a8l xS gadseSw Joe el
e (¥ Db oo San 5 il ¥+ +08 (o Son
ot ECso polie il aldid slaosgs ECso
5 5 eSily) (Jgene (GodgeSn Joao alwg 4 ond
5 (VAAF oyaila

. *  pbserveds.toualta bl
=== sigmoidal guigef

linear L=

WA pEFIHECLATES)

10 4 F=100-7.25%( EC-4.20)

o 4 g 12 1& 0

(dS/m) ol 5585
Water salinity (d5/m)

I

Isfahani

*u * observedsas saslia blu
=== sigmoidal sidsadn

T linear s

30 4
W YEF/IHECILOTRY)
10 4 Y=100-5.13% £C-1.69) :

1]

o 4 g 12 1& 0

(dS/m) o1 550
Water salinity (d5/m)

St
Mashhadi



oy

VFeo o9 0 jlos /i Jluw /51 ) yds s i gy

i

Emergence (%)

V¥, /14 ECILTIP

*  observedsal sualie bla
== sigmoidal gyt

linear, Jas

¥=100-4.63% ECG-1.57)

g 12

(dS/m) o 58

Water salinity (d5/m)

SR
Neyrizi

azalS Gl e al e 0 GuSgeSin 5 (b3 Joe ull 2 ()50 & allid slaosgs (S p el ) U
Fig. 1. Response of some fenugreek ecotypes to salinity acording to linear and sigmoidal models at seedling

emergance stage
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Table 4. Sigmoidal equation coefficients and salt tolerance index of some fenugreek ecotypes

ooy Sy P ST-index
ECs (dS/; *EC
Ecotype so (dS/m) S Coefficient TS0 Exp(s*ECs) ECsp+(s*ECsp)
s |
s ) 11.58 0.1254 1.452 427 13.032
Ardestani
‘SSLG’u‘, 11.47 0.1364 1.565 4.78 13.035
Isfahani
ksJ.L.sb
. 14.24 0.1169 1.665 5.29 15.905
Hendi
S . 11.07 0.0853 0.944 2.57 12.014
Mashhadi
“5”65 11.72 0.0657 0.770 2.16 12.490
Neirizi

HE3, s)eh it zohaw o axllls 5j50 (sloooys
Sy, e oils )iidii O e ‘jﬁL‘b“"
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Table 5. Interaction of the effect of salinity and ecotype on the studied traits of fenugreek at seedling emergence
satage based on the duncan test p<0.05.

) ay als amelS (5 .
Sss oM e do)d b e ey ) Jsb Sl Job azals Seedling “xals .Jﬁb
Salinity = Emergence  Emergence Root Stem Seedlin weight Seedling
(dS/m) Ecotype percentage rate (n/day) length length i y (mg) length
(cm) (cm) vigour (cm)
index
Ardestani 89.25¢cd 4.66¢ 13.92abc 4.54jk 16.47cd 25.27h 18.46ef
Isfahani 88.17cd 5.58ab 13.86bc 7.24ab 18.62b 44.80b 21.11b
0.5 Hendi 94.62a 5.79ab 14.07abc ~ 6.51cd 19.48ab 31.33ef 20.58bc
Mashhadi 91.40bc 5.93a 14.68a 7.71a 20.44a 49.40a 22.39a
Neyrizi 92.47ab 5.68ab 14.53ab 6.79bc 19.73ab 31.67ef 21.33b
Ardestani 84.95def 4.09de 12.33d 4.79ij 14.54ef 20.451 17.11gh
Isfahani 83.87def 471c 12.77d 5.91efg 15.68de 37.42¢ 18.69¢f
3 Hendi 88.17cde 48lc 13.63c 6.14de 17.43¢ 30.07f 19.77cd
Mashhadi 81.72efg 4.42cd 13.84bc  5.54fgh 15.83d 24.87h 19.37de
Neyrizi 87.09cde 5.47b 12.75d 5.95ef 16.28cd 30.85¢ef 18.70ef
Ardestani  78.42fghi 3.44ghi 9.30g 3.94lmn 10.38gh 16.34;kl 13.24jk
Isfahani 78.49fgh 4.02def 12.5d 5.42gh 14.14f 33.40d 18.00fg
6 Hendi 86.02cde 4.12de 11.21e 5.78efg 14.61ef 27.69g 16.99h
Mashhadi 69.89ij 3.32hi 10.28f 5.45gh 11.01gh 32.42de 15.73i
Neyrizi 73.12hjj 4.13de 10.43ef 5.21hi 11.44g 27.38g 15.651
Ardestani 66.67jk 2.58kl 8.11h 3.82mno 7.961 17.77j 11.931
Isfahani 72.04hij 3.80efg 9.13g 5.05hi 10.23h 17.20jk 14.19j
9 Hendi 82.80defg 3.63fgh 8.14h 5.15hi 10.99gh 19.70i 13.29jk
Mashhadi 59.14kl 2.86jk 8.03h 4.33jkl 7.34i 12.51mn 12.36kl
Neyrizi 55.91lm 2.75jk 8.20h 4.26klm 6.971 24.74h 12.46kl
Ardestani 45.16mn 1.87n 5.09jk 2.60st 3.47kl 7.71p 7.690p
Isfahani 36.56no0 1.140p 5.77j 3.10pgr 3.24kl 16.03kl 8.87n
12 Hendi 75.27ghij 3.08ij 6.64i 3.58nop 7.68i 13.37m 10.23m
Mashhadi 50.54Im 1.90mn 5.54j 2.73rst 4.18k 12.01mn 8.27no
Neyrizi 51.611m 2.291m 7.10i 3.440pq 5.45j 19.43i 10.54m
Ardestani 20.43qr 0.56rst 3.63mn 2.53t 1.27no 7.04pq 6.17qr
Isfahani 22.58pq 0.70qr 5.27jk 3.03qrs 1.88mn 11.27no 8.30no
15 Hendi 32.260pq 0.990pq 5.60j 2.73rst 2.691m 10.370 8.33no0
Mashhadi 29.030pq 0.980pq 4.53kl 2.48t 2.03mn 11.50n0 7.02pq
Neyrizi 33.330p 1.160 5.19jk 3.13pqr 2.77Im 15.101 8.32no
Ardestani 8.60rs 0.27st 3.33n 1.27v 0.3% 4.45s 4.60s
Isfahani 6.45s 0.16t 4.231Im 2.73rst 0.450 6.50pqr 6.97pq
18 Hendi 25.81o0pq 0.73pqr 3.53mn 1.97u 1.42n0 5.60qrs 5.50rs
Mashhadi 9.68rs 0.25t 3.45n 1.95u 0.530 7.20pq 5.40rs
Neyrizi 22.58pq 0.67qrs 3.781mn 1.88u 1.28no 5.13rs 5.67r

p<0
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In each column, means with at least a same letter are not significantly different from each other at

.05.
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Fenugreek (Trigonella foenum-graecum) Ecotypes at Seedling emergence
Stage
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Extended Abstract

Introduction: Fenugreek, is a medicinal plant that has been considered as a salt tolerant crop. This research
was conducted to investigate the effects of salt stress on seedling emergence characteristics and determination of
the salt tolerance threshold, declivity of emergence and salt tolerance index of some fenugreek ecotypes.

Material and Methods: Seeds of five ecotypes (Ardestani, Isfahani, hendi, Mashhadi, Neyrizi) were subjected
to seven levels of salinity (0.5, 3, 6, 9, 12, 15 and 18 dS/m) in a factorial experiment based on a completely
randomized design with three replications. In this research, experimental models (linear, sigmoidal, exponential
and multi-component) were used.

Results: Results showed that increasing levels of salinity decreased seedling emergence percentage and rate. In

Ardestani and Isfahani ecotypes, increase of salinity up to 3 dS/m had no effect on seedling emergence percentage
and thereafter, decreased it, significantly. The maximum seedling emergence percentage (94.62%) belonged to
Hendi in control treatment. Hendi ecotype had also the highest emergence percentage (25.81%) at 18 dS/m.
Although the highest seedling emergence rate (5.93 per day) belonged to Mashhadi ecotype in control treatment, it
didn’t show any significant difference to Hendi, Neyrizi and Isfahani ecotypes. In Ardestani, Mashhadi and Neyrizi
ecotypes, seedling length decreased significantly with increasing salinity, but this decrease was not significant in
Isfahani ecotype between salinities of 3 and 6 dS/m and also 12 and 15 dS/m. In Hendi ecotype, seedling length at
3 dS/m was similar to control, but higher salinities caused a significant reduction. The maximum value of seedling
vigor index (20.44) belonged to Mashhadi and Neyrizi ecotypes in control treatment and Ardestani ecotype had the
lowest one (0.39) at 18 dS/m. Results showed that seedling dry weight was first unchanged up to salinity level of 3
dS/m and then gradually decreased with increasing salinity. In Hendi and Neyrizi ecotypes, applying salinities
higher than 6 dS/m, gradually decreased seedling dry weight. The salt tolerance threshold of fenugreek for
Ardestani, Isfahani, Hindi, Mashhadi and Neyrizi ecotypes was 4.69, 4.90, 7.83, 1.69 and 1.57 dS/m, respectively.
Thus, the highest salt tolerance threshold (7.83 dS/m) and the declivity of emergence percentage (7.55%) was
obtained from Hendi ecotype and the lowest one from Neyrizi ecotype (1.57 and 4.63 dS/m, respectively). Results
of nonlinear models showed that the highest salinity in which 50 percent of seedlings emerged was obtained in
Hendi ecotype (14.24 dS/m).

Conclusion: Based on the results, comparing the salt tolerance index of fenugreek ecotypes and also evaluating
of some experimental models showed that Hendi ecotype may be introduced as the most tolerant ecotype to salinity
stress at the emergence stage to exploit saline soil and water resources.

Keywords: Legumes, Linear model, Seedling, Sigmoidal model
Highlights:

1- Different fenugreek ecotypes in terms of salinity tolerance at seedling emergence stage were compared using
some experimental models.

2- The salt tolerance threshold, declivity of emergence and also salt tolerance index was reported for some
fenugreek ecotypes.
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