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oolisd (25T B 5 AST (ASUle g5 b tales]
Gpldl SHFUT Ao 0 50 God el e 0iS
o2 5o sladile J3S g ol (e alols 0 6,58
Slp 85 Sjpge (Swd ey Bk 5l Cie seba
sl Jsbre 5 3 om0 oilbsbre slo e
Sl ol 50 Jplone i3 9 AL | Sl
alo b g (RS wo 0 wo) b5 pulS a6 0
56 okl b 48,5 55 o ) o Vga oo 10 (l5peay
odmlive wlwl ol S cuils ol ploxl o & jgoa;
5 LS p ol Sis g (9,5 Jold (S 5,06 @Dle
3 domsS 00 ek God Kol 5 (J5Ss8) Lo JgmeS
Slas (5 Sojlul jalateds 8,5 e YWAVIYNO & U
sialeyl lajless 5 alaS o 5l il ol dl> e o
Jol5 oYL S 90 5l oyl paiges .ol ploxil (g )lo paiges
L85 g0 bdie ool
3o g0 sl Jlee! 5l s g iolesl slzl (o o
oS S sladige « Sjolen b Slao o))l jslareas
ool 18 5l asy alolddly g cuils y wigr 2 plle S
3% 9 Bad dezie gle (39 i ) ¢ oguinagll (sload g )

R 5 dbsie sltalesl el o b ladiged (b

S SlocSsl 2o s 5 35T Sty ol

cho ez 50 ol ol wd plnl S5 4w b ol
(25 Aoy 50 6kl LS () sokal pas 1l
Glal )b g0 plal 5 wils ol al>se po ()lal LSS
Sl Jale g alls gad g (2l ploy o e
Aol Gyas pas i fels mhe a0 Sl
Selecdlo el LS Jlaiien (oold) SelwoJle
Ve beo /0 cdale L (GldT Merck o8 o 5l saiangys)
2 Ygeiskee 10 (lie a4 Selendlo sl L3L sl
o bspye sla s Jlac! jolites i €588 i s 2
Sl Cale a1 e o Skl ol b )0 Jled i
Sl Al Gae ay Hlais 90 Jolone 5o bopdy Selnndle
o= ey (Metwally etal., 2003) ol jgabge S5 6 o
de )30 50 5 Sis Gl slos jo yhaie Of bawg giind ||
Aol s Sy50a VFAFNNNG g,b 5o 5dy cuilS

o Aol 5 e il Yo CetlS glaciys, o alol as
Sl las S ol 4 Sl 5o e e B oo jl Loy
S 5 B 5o g 0bul e il YOy s SOl VY
Sl dsb o b ad s L o cals sl @) ks



AR o) Y ol e el pole 13 dame sla i

WYY

RS )5e s ) s n Ol 5 005 (65503l 822
P IRE VISP g FOWE SRS K -9W) B KPR PR P S

A 8590 oS 5 (59

Sobo 5Uouki5 (5 1]

Ve Jsibl s Lo Ve (( 5y olS St oole o)) 4y
Som b )l Jlade [y atie S Dae 4y g ooy
Q255 1 455 (55 Jsbows 31 il sl S athn Sy S
2 o 28 ol Lo Vo4 Shade OIL ol x>
35 o8 o 03,5 Lol oy 0 56 i s . o )
WLol ol 4y ale sl Spypilss sl o O T3l 5
Sy s o pgp0r 45 ol Cs 4y (K05 Jslome s
O AEBS Tl g 1355 oy bled by, (Sloged 4 g 00l
Alssts 2o FAD zgosb 5 eliial b olilejl (sloo
Biochrom libera-S22  Joe jiegids xSl oSiwos
.(Kochert, 1987) 55,5 (5 .50l

oy I i 5 1
g Sl gy Sl Sudg Sl cts (e i sl
&ly al oolazwl (Ben Hamed et al., 2007) l,Son
SamlyolS Sposl g plle 8L e )5 oY slane
I Jliml slags stind @lp Jhie O L siiud
Veogools )8 Jhan o phabesl sladlgd (45,0 ol mhaw
Soals) (s - 003,5 BL2N (T 4y 00l (a0 T 5 e
Y Glo b p S0l plom gy el ¥ oo a4y 1y ol
g S S ol i ol 1,8 o155z
~dlg) e 0l (652505l e EC 5l eolainl L (ECo) o
Vo Soe ol 5 il a0 WYY sles o ooyl sla
—ax 0 YO U ladlg) (uls ST 5l ams g 0000 ,5 oS 51 4B
Iase (BC1) botiges S 2SIl Culod oliee ool 5 5lo
Sl Sl cts wo)s 5 Jged by wd S (6ol
(20,8) g 2801 s CMS=1- (ECo/EC1)X 100
[8]

4o o, Kloc
o § (LS oy 90 dadigy SG5gle 58 (S 5l e
ile 9 Bix> glails I laieay &S e gl g ol

\";)‘LS‘LQ‘U}“ww&)‘Aﬁi’o‘;@Jbb)o(—AO)
ol bl g VY celo 5o 5 boyles Jlasl 5l o 9,

9 SS9 5) (5 jiwgiS (§lvojuSiy i g gl pAi]
(g, 5

255545 5 JebsslS Bliee Giomi 5 glil jsliieny
Yoles 5l (Lichtenthaler, 1987) Jlisd by, (las
ol oolatul 3

CthI’Ophyll a= (12.25 XA6(,3) — (2.79XA645) [\]

Chlorophyll b= (21.51%Ag4s) — (5.1%Aess)  [Y]

Ch(at+b) = Chl, + Chly [¥]
Carotenoides =
(1000A470— 1.82 chl,- 85.25 chly)/198 [f]

Lasss,l5 9 b @ Jdg)ls lp baiges @iz e
sloslul b g FY- o #Y0 FEY slazge sl jo o ja
&,90 (Biochrom libera-S22  Jae)  jiegudg mSou!
O ol Sad exmonlis A g8 Ly, o o8

Lol ol sz Loy o Slazge ol

oHar srSeilul
OSen 5 i sy @ Sp Gddan Ol b
O+ elate oy ol ell (Bates et al, 1973)
Sy s Vo b ALS w5 5 e
S b Jols bl s 5 0b bglie doo ¥ e
b Job oo alile 55 e Sl il
Sl Sl oo 99 G 5 05 JEie (alejlal)
Se 5 0998 (nyed (b Biee e 59 9 JLDE
Voo sles yo Arian Azma Jow 6,5 Ol ple> 0 caclos
gl ol (A5 (S90S, 6085 18 ol S il 4z
A& gl Bk (9,0 diged Lo STy ABgS Sz g
3 ke ez ol & s o 5l s 5 265
35l o 3 el e ol 53 33,5 €L il Jyons
it 50 55, S sl 45 Y 30 S5
Ky B 303 (Srge il g 03 pite (plgp Cdile 4
oliuljp0 (rdsy Slime § S0l gz (WS oo i
Fagil OY+ zgadsh ;0 o)1 y55 i (e 5 <85 18
Biochrom libera- Joe jiegids mSowl olliws alwgas



VWYY Gt o ,lal bl o ailanlos s )15 ol Sadslsn b slageuly Sl sl 3,55 anlllae 1 Sa 5 (5 ls0l5T

G5 Lalps 0 (s )5 e e 3l el 55
A 5 «Oblgls jlo i U ool el a5 cul (Sas
Cudgize b Jdg IS jiinge 42 )d 9w (g p B e
(Ramak et al., 2014) 555 a>ls0
9 )—.SP 6L‘°m-.'.}-"" Codled w‘ﬁ‘ b Sl ol
oS b OS] JW sloaiss falS (e 5 pigid
Slom 3T cllad 5 gloardsn sloan] ool 8 b
oLS BN J...59)J5 6‘9:“7“' uw‘/.s‘ 4 onie @‘M‘w]
.(Dolatmand shahri and Haghshenas, 2016) 5%
s Sl sl (B Jslome o5 cisy il o
A oS A ces bl e Jdls e ol
4 ol s Ol aas )0 eole cpl Sllgs sasmsylis
S olpedy Sl sl 5L Jole sy o L
Ol GRIB Ly cl ooge Joo (silupglie dgy
5 Jobo glaslic 5l 5t cbili> coge 5 oo oo
red 3B 5l e g srgid loopSS) 5 (s ymgid
Farahbakhsh and Pasandipour, ) <ol oo Jsg,lS
Cod s_i..l.....w.”.u M' I Cﬁh“’ )‘ oolawl (2017
oS 3 Sl Glyme Gl o (2o Ll
Moradi Marjaneh and Goldani, ) 00,5 lpdiees
o SL Glaalie L ey ol ezee (2011

5 65 5 kbpix sy o (Pak Mehr, 2009)
L5 ,5 (Pourakbar and Abedzadeh, 2014) ooljusle

Syl cillas dyg.00 0L og,le
A58 Jlade pals (k! e) o Lulys s
a3 o eiilily eS8 5 (3 5 a5 e & Yoo
odle Loases IS .(Sultana et al., 1999) el Jdqul;
s g0t WlgS oo 58 LAz g Glasle A
olts,d G L 5w byt |, 8kt 5]
Ot S5l it &g 0udais Sl LIS
Munne-Bosch and Penuelas, ) a5 5 . 5sl> 0,000
el 5 (65 olliws ol 5 (s (2003
Oyt Seledlo apul )8 Gl agh
@IS Al e 50 5ylel Ll 5 sl e 5 (SBb sl
Sy B 4 (T Jga) o a3ei ) (e a8l s
Seml S esliiul S8 uues) IS S 5 ol 8

333 59315 b odwliasoas slaails g ol sawgS eeols
A Jolre () mhw oty o wls o Slee g (588

(Foruzandeh et al., 2018) 10 5 = (x50 %0

‘;)lo/"‘;‘a@.wbu
Aol /) i SAS 15810 3 51 oolicial b (el Sloslons
LSD (505! 5l ooliztul b sowlcwwsds slonSile 5 8,5
Qi 6kl duslie [FKaSs b o ys iy Jleis ! mlaws 4o

S FwsiS sloe s S
@ Jodg )1 slyomo a5 ol (] (slisS uilily 458 b
(5 )lel iz gl I e 53l o w3915 5 JS D
8 Sebemcdls sl 5 o)l blie i1 g Sl ]
dol il sl s (¥ Jyar P<efo)) wsb s
Ol Cr ot Codly )kl lpd ples jo Sibdle
(F s ams olaisl sg5 & 1, JS gb o L l5
st boe 5 5 b@ Jds)lS (e e
S kel Sk 9o Ll pd e Seleendle sl (AL Joloxe
pae e & bgrpe L8915 Gline (0 508 (T Jgu)
(Y Jgz) 09 o bl o Sl sl G pas
Sl (Bl Jglme lod 4 bogaje 4395505 (5e G 5 e
L aS 0gr (205 > j0 ol les o SCldle
Al dog ol jled ey Seleandle sl b oS (559
peS (V Jsoz) culy g pme sl g Ll
ol Bpae pae e 4 Gl w8955 Glgioe
(V' Jguz) o9 s Ll p8 50 Selendle

Sl Bpae pas Jles 3 L8g)lS plie talS
i S alawlgdy Wilgs o o Ll o Sl
e 15 ol 0l o g 55 51 20 ized g Jedg IS
Codyb bis 0 e gloyest Gl (S el o
cdled zals (Farzaneh et al., 2013) col (5 5nqib
Fo lee g gSammg; il Collad rals Al tngid
59 31 5SS laaisl JSas oS 09l o el ATP
il Gl 8 el 15

3l By dadids kS el Jalse 5l S (S
Ll 02351 5 (0res s 008 3G 2 31 5L Jealisls



VWA s Y alo el psle o asms sla i

VA\VY

e s Gl ) el (pl a9 00,8 0,158 Solc bl

el Al iwgsd

Shls plp o olS cueglae iolidl cel Sl
RYWIPWIRVM

Slgize o xe i3l 51 (El-Tayeb, 2005) b J!

Sl Aol Ll o g2 LS 0 ads S

Sl sl g (53l cilizn Z gk 50 aildoluw Slo (B (il yly 43225 ¥ Jgor

Table 2. Analysis of variance of some black currant traits at different levels of irrigation and salicylic acid.
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Replication IS5 2 0.744 " 0.437m 2.256™ 0.360™
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CV (%) (D) Olyasd oo 6.45 9.66 5.24 5.09
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ns, * and ** not significant, significant at 0.01 and 0.05 probability level, respectively.
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Table 3. Comparison of the average interactions between different levels of irrigation and salicylic acid for chlorophyll
a, chlorophyll b, total chlorophyll, carotenoids, Electrolyte leakage, proline, carbohydrates and grain yield of black

cumin.
Treatments ;Lo a Judg,ls b Judq, L eyl
| eSSk reS ) JSJJ”S ) 255 k)
T e S . c - e d - .. ¢
IR S3) Foseers  (Fuigess s .,.',,: s (Forges

Irrigation Sk s Chlorophyll Chlorophyll (Fojs Carotenoids

regime Salicylic a b Total chlorophyll (ml/g
acid (ml/g fw) (ml/g fw) (ml/g fw) fw)

s Si 6.102 3.062 9.17% 3.36%
w S2 6.80° 3.85% 10.66° 4472
(Dry farm) S3 8.07° 3.92¢ 11.99° 3.77°
LSD 5% 2.415 1.058 3.3 1.376
Z - S1 15.192 3.59° 18.78* 5.05°
B Al 50 syl S S 15,320 4.46% 19.792 5.65°
(Once irrigation at flowering stage) S3 15.88% 5822 21.70° 5724
LSD 5% 4.285 1.469 4.5 0.373
Ao . ks 1 S1 9.34% 5.55" 14.90° 4,782
o o 4l g0 20 okl Sbe S 11.26" 5.67°® 16.94° 5.69°
(Once irrigation at grain filling stage) Sz 13.88¢ 6.722 20.60? 5.09°
LSD 5% 2.133 1.097 2.75 0.916
(415 ol 3 9 (BAIS Jolp0) &bl 5L g S1 14.35° 4.65° 19.01° 5.172
Double irrigation (at flowering and S2 15.48° 5.73° 21.21° 5.16®
grain filling stages) Ss 17.982 8.332 26.322 4.82%
LSD 5% 2.193 2.063 3.23 0.371
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Table 3. Continued alol.Y Jgus

Treatments ;Lo g Sl ot Q.J”: Jelxo sloass &ls 8 ySlos
o o o Proline o5 y oS cl) 32 p55kS)
ol w35 ? ' e PP (o
Irrigation Sodnadlo Electrolyte (5ersa o Q9 )
resime S leakage Foses Carbohydrate Seed yield
g Salicylic acid o 1
(%) (mg/gfw) (mg/gdw) (Kg/ha™)
s S 72.33¢ 3.34¢ 0.496° 817¢
b Sz 52.87° 3.94° 4.484° 935°
(Dry farm) S3 59.01° 5.54° 0.877° 1006°
LSD 5% 4.32 0.446 0.273 51.14
- < S 61.96 2.79° 0.285° 873
P e 2 sl S s 48.08° 3.15b 0.280° 1063*
(Once irrigation at flowering stage) S3 53.09b 3.712 0.600? 11642
LSD 5% 5.16 0.448 0.126 156
. . 7 S 62.03? 2.35° 0.170° 10922
I ol 3 ol Sk s: 50.16° 272 0.179" 1s1e
(Once irrigation at grain filling stage) S3 57.54ab 3.500 0.4622 11712
LSD 5% 8.8 0.717 0.137 90.16
(415 Gl y g 2E ol 0) 65l b 90 S1 47.37° 1.16° 0.151° 1265°
Double irrigation (at flowering and Sz 39.67° 1.69® 0.167° 1290%
grain filling stages) S3 43.89* 2.882 0.314* 1330°
LSD 5% 3.53 1.34 0.074 41.22

St a6 o e glas glyls 10 Jlxl s ;0 LD 5031 Golisl 5 caiis S e By S glyls Jlom a5 Sla i Silos gt p2 50
il e o5 Jslrs 5 SKioslyy «Sekdls sl B e pis i s S35 S
In each column, averages that have at least one common alphabet, do not differ significantly from the LSD test at 5% probability

level. S1, S2 and S3, respectively, do not consume salicylic acid, priming and spraying.
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Abstract

To investigate the effects of foliar spraying and pretreatment with salicylic acid on some physiological
traits and grain yield of Black Cumin (Nigella sativa L.) under different irrigation regime, the study was
conducted based on randomized complete blocks design with factorial arrangement of treatment and
three replications in Gonbad Kavous university research field in 2017-2018. The treatment included four
irrigation levels: without irrigation (dry farm), irrigation at flowering stage, irrigation at seed filling
stage and two irrigations at flowering and seed filling stages and salicylic acid application included three
levels: non- application of salicylic acid (control), priming with salicylic acid (0.5 mM ) and foliar
spraying of salicylic acid (0.5 mM ™). In this study, some traits such as amount of chlorophyll a,
chlorophyll b, total chlorophyll, carotenoid, electrolyte leakage, proline, soluble sugars and grain yield
were evaluated. The results showed that the effects of simple irrigation and salicylic acid and their
interactions on all studied traits were significant. The results of the comparison of mean interactions
showed that the application of salicylic acid in form of foliar spraying increased traits such as
photosynthetic pigments, proline, soluble sugars and grain yield in all irrigation conditions. Priming
with salicylic acid treatment had the lowest electrolyte leakage. The highest grain yield (1330 kg. ha™")
was obtained in foliar spraying application of salicylic acid under twice irrigated conditions and the
lowest grain yield was obtained (817 kg. ha™) in non-application of salicylic acid at dry farm conditions.
According to the results of this study, it can be concluded that the application of salicylic acid as foliar
spraying is a suitable strategy for increasing the resistance of black cumin to drought stress.
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