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Table 1. Formation method of drought potential per experimental unit

Solution type (Drouth potential) Content solution
-0.3 MPa 552¢g 400 ml
-0.6 MPa 756 g 400 ml
-0.9 MPa 888 g 400 ml

SLET 5l G 530 VE 5o Lot iy el 5l
Job g ot b ho jlazailn g azasy; (bl
b g Soihasl S b g 4 azaty; g azaile
dzain, phd gl Jold azady; 4 by Olao
LU cslw WINRHIZO Pro V oS ws awg
(Regent, Instruments Inc., QC, o 5,~5o;la]
oS jo 15,5 |, 8L azdiy, g 4>a3ls Canada)
g dod Seis (el FA o au V°C sles) (gl
GT-300 Jo—s AND (5455 b lo o] Sis )59 (s
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Ois BB amalme 305 5l L0y (Bae p gl
S b (il o s JS Loy
.(Hosseinzadeh, 2015)
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Table 2- Equations of germination indices

aolre o,leis

(Equation number)

(Index)

ala,

3 solaiwl S,940 é.gl.:.c
(Equation)

(References)

I THICIRWE

")
Germination percentage
) 63}4'5‘5'? e ol
Germination speed
o &) Alsr S (ke
Mean germination time
) o 4l 4
Germination vigour

Seed vigour index

GV

SV

GP% = Z ?\f_l x 100 (Agrawal, 1991)

ni
— (Agrawal, 1991)

GS=3}
4}

Z(lix ni)

MGT = Z— (Kulkarni e al., 2007)
n
_ GRxmean(PL+ RL)
- 100 (ISTA, 2009)
GPxmean(PL + RL)
100 (Agrawal, 1991)

slaes = N (55 adilez £9,-0 51 umy Glojg, olass =t (asie Sloj alold G j0 00 allyz (slo )3y olaws = N woyg0 b osj aile> ;& JS=n

ar ady, Job=RL wz ails Jsb = PL wus a3ls gla,ds

n=Total of germinated seeds during period, ni = The number of germinated seeds at an interval of distinct period; ti, ti = The
number of days after the start of germination, N =Number of sowed seeds, PL = Plumule length, RL = Radicle Length

By Lal 09 lo gime iol38l (pl pB)1 o b alie jo
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2 YL (Sialez woys g L STl pB )l 4S5 5boa
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e S deie a8 ) (lgsany g wis 5555
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s JLao ol & jte S5O ot s 5
L5 iy (Kplie 5 Saselpsd sloanlp als
(Do -l 0 351 05389) e 331 (s s lasislus oyl
S3lez Ce g 9oyd el Lol e o 090 s
ao,s els (Armand et al., 2015) cul LS o
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g azsly il A sl azais, 79,5 Gl asY pley Do O 5150 500 lawy Ol Qi als (al., 1997,
(Ahmadpour ef al., ool o jolS Sjale> oy 1048 ausd Sy Coloe el 4 e Sas

2015) (il Sl slapailSe 1 b L ol
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Table 3. Analysis of variance of germination characteristics of lentil cultivars in different levels of drought stress

Sde poles
. L Ly o o . SES s
oo e solil a0 giale> as e o Sl Sialer A azails Job sl
SOV Degree of  Germintion = P Mean Germination  Plumule
e freedom  percentage ~ Cermintion germination vigor length Plumule
rate . dry weight
time
B,
_“’Mc = 3 666.028%* 36.080%* 9.569%* 0.673%* 3.866 ** 4.665%*
Lentil cultivars(a)
S 2 2656361%%  104411%%  31.483%%  3467%%  [5814%  107.145%*
Drought stress (b)
xS Jaxb 6 15917 * 3.564 * 0.662 * 0.171 * 0.170 * 0911 *
iole;l slas/Error 24 18.528 0.552 0.205 0.011 0.149 0.140
Sl i g pi/ CV - 6.15 9.60 4.60 13.15 13.09 8.14

aoy ) g0 Jlisl mhaw jo ls gine g )l S puf oS gay *F cFans
ns, *,**: non-significant and significant at 5 and 1% probability levels, respectively

S s ilisee z gl pSl Cad uas oLS el S3ailsa sl as L (uSile duwlic -F Jous
Table 4. Mean comparison of germination indices of lentil cultivars under different levels of drought stress

oo oLE Al /o Las Sdler aoyo sialez ey Soe il Silez a
Germintion Germintion o L.
Treatments/ rcenta d & yaile> Germination
Lentil cultivars be s e Mean germination time vigor
(percent/day) (Seed/day) g
(JSwbKe ya0) Sz 25 90/ Non-drought stress
Gachsaran 89.33 b 1044 b 12210 1.21b
Kimia 78.67 cd 9.37 be 10.71 ¢ 094 ¢
Ziba 73.33 cd 8.25¢ 10.27 cd 0.81cd
Robat 97.33a 15.15a 13.60 a 201 a
JSubBe -+ /Y Ses s / Drought stress at -0.3 MPa
Gachsaran 72.67d 8.57¢c 9.85d 0.61e
Kimia 64.67 ¢ 6.40 d 847 fF 0.37 f
Ziba 63.33 ¢ 6.09d 8.32f 035f
Robat 80.67 ¢ 893 ¢ 10.17 cd 0.73 de
JSbBe -+ /F Szt 25/ Drought stress at -0.6 MPa
Gachsaran 55fF 5.88d 8.92 ef 0.23 fg
Kimia 5133 f 33le 8.11f 0.09 g
Ziba 48.33 f 357e 8.14 f 0.12 g
Robat 65¢ 6.90d 9.48 de 033 f

Al g5l gime BMSIP <0.05 oSl (gl asals ai yg03T sillas ol 0 Syt B> S5 gl Plas as Sl 1 She et o 50

The means with one same letter in each column are not significantly differences at p <0.05 according to Duncan's

koo Slonds s e Y Lol 51 colad 15y eIV S 5 sk 5 adlas ol o

aS ol oaslie llle o (Hosseinzadeh, 2015) Sy g Aoy o e S 4 e WL
Olyee salS b (S o5 | axlee o lalS slo,dy b sSis o al iS g byl 4y e Jailes
o a9y b Sl CaSh jo Ul pae g o) e sl 93 5l el e gey9e Colad 5wy alS
(Alivand et al., 2012; Eisvand et al., &g Uil - gl e Sidiler Gk g Aoy ialS a

va
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(Ahmadpour et al., 2015)
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2005)
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s Loy sloyin (Siadlsr Do (Sl Jlopne RalS
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Table 5. Analysis of variance of germination characteristics of lentil cultivars in different levels of drought stress

. ) p gl Jsb SES (5 gl i
2 ke RRRE . . D e,
f;”oé\'/ Degree of 4 e N T N Radicle
- freedom Seéd vigor Consumed Radicle Radlgle dry Radicle diameter
index endosperm length weight area
e 8| 3 24.025%* 0.511 ns 3.623** 15.106** 0.001 ** 0.0001**
Lentil cultivars(a)
S S 2 169.844%%  28.701%*  82401%*  66.518%*  0014%*  0.001**
Drought stress (b)
i/ axb 6 2228 * 0.181 * 0.044 * 0.363 * 0.0002 * 0.0003 ns
isleyl slas/ Error 24 0.533 0.209 0.118 0.237 0.0001 0.0002
Sy g pi/ CV - 12.19 9.8 7.91 8.09 4.53 10.63

Aoy ) 90 Jloiol mhaw jo b pe g b gae e oS S FE K oS

ns, *,**: non-significant and significant at 5 and 1% probability levels, respectively

ol » edle .(Hosseinzadeh, 2015) ol L
S b Gl Gas o Pl a5 el eals b)l58
a5 5 el colled dagyge o0 a5 rals sl
Sgbse azaile g azaiy; Jold azelS o, alS
» azddls al, el (Kafi er al, 2005)
4 0D 15 (Sas s il 0 05 slacads
15 DL 5 bl codled zals |, o] cle ol
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Laj Bl & Comsd JRbBo =17 5 7 o5 Ll
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Jsb 5pS als Lo ghluas 5 bL) a1 45" cusls
Si 5 bulyd 50 5 Jeie lacaiy) azaile
3 Feb ad;y g Sis ool pezd (F Jgom) s
@Il ol 5 St (Ko 0034il9> (sl )3y azadls
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Yl azaile S s gl Sk azeile
» alie oldlls 4o (Rahbarian et al., 2012) siog
S 0jg Bl e plaize 5 wae g Legd 5,
Aol s az il Job o, iolidl 4 | axddle
(Armand et al., 2015; Ahmadpour et al., 2015)
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Table 6. Mean comparison of plumule features and some germination indices of lentil cultivars under
different levels of drought stress

JERVNIERERTINE ale b aile S5 o . N ESUREY
Z 2 ’ JRpes yl‘a 3
Treatments/ Plumule length ~ Plumule dry weight Lo Consumed endosperm
. . Seed vigor index
Lentil cultivars (cm) (mg) (mg)
(JSublKe jao) Sz 235 o9/ Non-drought stress
Gachsaran 433D 7.85b 10.13 b 6.11a
Kimia 3.50¢ 6.77 ¢ 7.94 ¢ 6.04 ab
Ziba 320 cd 6.74 ¢ 726 cd 5.32 abe
Robat 520a 9.57 a 13.01 a 5.87 ab
IS e - /¥ Sas s / Drought stress at -0.3 MPa
Gachsaran 3.16 cd 4.54d 523 e 5.19 bc
Kimia 2.66 de 3.82¢ 3.84f 497 ¢
Ziba 2.63 de 38le 3.72F 4.85¢
Robat 3.66¢ 4.95d 6.46d 5.64 abe
JSube -+ /7 Sz i/ Drought stress at -0.6 MPa
Gachsaran 2.10e 1.87f 2.30 gh 2.95d
Kimia 1.20 f 1.63 f 1.47h 2.64d
Ziba 1.33f 1.49f 1.41 h 2.83d
Robat 243 e 2.14f 342 fg 3.12d

35,5 (g5l sime BN P 0.05 Sils (sl diels wiz ygesl Billae aril o S ie By S shls JBlas a5 sle Sl Ggie o 0
The means with one same letter in each column are not significantly differences at p<0.05 according to Duncan's
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Table 7. Comparison of radicle features of lentil cultivars under different levels of drought stress

e olS o8l /e Lo azady, Jsb Azddy, SIS ()59 Azdis, whe azddy, b
Treatments/ Radicle length ~ Radicle dry weight Radicle area Radicle diameter
Lentil cultivars (cm) (mg) (cm?) (mm?)
(JSbKe ya0) Sz 25 90/ Non-drought stress
Gachsaran 7.33b 9.37b 0.198 ab 0.026 a
Kimia 6.60 ¢ 7.18 ¢ 0.189b 0.022a
Ziba 6.70 ¢ 6.95¢ 0.185b 0.022a
Robat 8.16 a 1030 a 0.210 a 0.027 a
IS e -+ /Y Ses s / Drought stress at -0.3 MPa
Gachsaran 4.06 d 6.56 ¢ 0.144 cd 0.013a
Kimia 326e 4.86d 0.138 cde 0.010a
Ziba 323 ¢ 4.67d 0.139 cde 0.009 a
Robat 4.56d 7.26 ¢ 0.153 ¢ 0.014a
JSubBe -+ /7 Sis i5 / Drought stress at -0.6 MPa
Gachsaran 2.10f 4.16d 0.135 cde 0.006 a
Kimia 1.66 f 3.12¢ 0.128 de 0.005 a
Ziba 1.63 f 280¢ 0.121 ¢ 0.005 a
Robat 2.80 e 4.92d 0.144 cd 0.007 a

5,05 (65 gime BB P < 0.05 Sils (gl arals wiz (yge5] Golae diil oo S i B G sl JBlas a5 slo i Ske (g o 40
The means with one same letter in each column are not significantly differences at p<0.05 according to Duncan's
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Abstract

Drought stress is one of the most important factors in reducing the growth and yield of lentil plants
under rain-fed condition. This study was performed to determine germination percent and rate,
germination vigor and mean time, consumed andosperm, vigor index, plumule length and dry weight,
radicle length, area, volume, diameter and dry weight lentil cultivars under drought stress, a factorial
experiment done based on completely randomized design with four replications in 2015 at research
Lab for plant physiology of Khatam Alanbia University of Behbahan. Treatments consisted of lentil
cultivars (Gachsaran, Kimiya, Ziba and Robat) and drought stress in four levels (0, -0.3, -0.6 and -0.9
MP). Results showed that under non-stress, Robat cultivar compared to other cultivars was superior in
all traits. Under -0.3 and -0.6 MPa, Robat and Gachsaran cultivars germination rate, mean germination
time, germination vigor, plumule length, radicle dry weight and seed vigor was higher than the Kimiya
and Ziba cultivars. Lentil cultivation done under rain-fed conditions and use of drought tolerant
cultivars for planting to enhance product and yield is essential. This study suggests that the use of
Robat cultivar instead of the cultivars used in rain-fed condition.
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