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Tablel- Some physical and chemical characteristics of the soil used in the test (depth 0-30 cm)

Characteristic wasin -
Quantity
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Table 2- Analysis of variance (MS) of studied traits of black cumin under different treatments of irrigation
and chitosan

i e Az wgels)l  epasliolw Sis 5 a Jud ks b L ks JS e s
SO V' sl Plant Number of Dry Chlorophyll  Chlorophyll Total
~ DF height sub branches matter a b chlorophyll
Rep;'i’;tion 2 3.64 486 0.654 0.024 0.224 0.102
IrrigL;':iL;:w 0 3 46.16* 41.14% 121%%  0.641%* 0.186%* 1.56 **
Chi;’ofs’;j © 2 5713ns  86.2lns  0.06lns  0.008ns 0.016ns  0.015ns
5558 X o]
W*Ii o 6 1.47ns 153ns  0.073ns  0.005ns 0.024ns  0.026 ns
Uns
e 22 6.12 6.13 0.074 0.002 0.012 0.014
“"é‘;/"(g/")’" 756 15.95 6.45 2.06 11.20 357
0

oy S g iy Jleizl zolaw o lo gee BT g jlo s M| 542 pae o 4y i g 5 NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability,
respectively.
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Table 3- Mean comparison of studied traits black cumin affected by different treatments of irrigation

sl SRE aspa RO g b Ly is F S
N Plant Dry Total
Irrigation - Number of Chlorophyll a Chlorophyll b
Treatment height sub branches matter (mg/g FW) (mg/g FW) chlorophyl
(cm) (kg/ha) (mg/g)
70 65.53 a 17.66 a 4.62 a 2.69a 117 a 3.86a
90 33.44 ab 16.60 ab 4.37 a 241b 0.97b 3.37b
110 31.51 be 15.00 b 411b 2.26¢ 0.95b 3.20c
130 30.37 ¢ 12.77¢ 3.80c 2.06 d 0.82¢c 2.88d
LSD (5%) 241 2.43 0.27 0.06 0.11 0.116

A (6 0 g Dolds syl o0 0 Jiz o o LSD 5031 bl coiimn S jiie B, o slls JBlas o Sl giw ;o 0
In each column, means with at least one similar letter are not significantly different (P<0.05) based on LSD test.

039 2 Sl il woys o Jlatol e o 6Ll Jale o5 sl i il ly 4528 @l ATy SdS (3
L L S ()39 ke 45 8l LS Sl anlie Jooz (o) (T Jguz) SuBls ailsoliw olS 0 &gy SCaS
S i g 09 (p,5 FITY 5 ¥IFY) puses piadie A0 5l e 55kl Sl 5 vl ()lol Jles 4 by i s
(V' Jgaz) o8 olS Sz 59 (e, VYIVY) Lials cels

Jole 3l 03,5 oo Ll ¥ Jguz uilyly 42325 Jaz 5l o5 wisS slen 1S Judg s 9 D @ Judg IS glosixo
Shine olie 0 Yl o Silos Slslia Jysor ol 5 59 o sinn JS b lS 5D @ 33,15 slyima
($lao3s, Jgions EAIS & e gl 35S A5 5 9 (6lrl 20 o 4 gryn S S 5 D @ L 15
(V' J992) 23,5 ol 50 (s tmgid

Jsoz ol mbs sl oo 3 @l ¥ Joaz )0 g Gliee Cdo 4 by Guibyls a2 @l iodan ol
Slamlio b5 oy 2855 518 wys o Jlotol grhans 5 (sylol Jale 3B 2o S dg e 45 25 e
Db 3 W58 Syt 53 oy et G & e 1S 5 e s L (6l hlze s (il
2o g s (0 Jgaz) 09r (e yhoishee VW 5l ey )lnl o) (25 hans (n e 4 bgipe Gedgn ol
iy 5 iy Seby Glecis 5 sd (BT Ll 5o olS Cdl by (s ofugar ol anel (slao!
el )83l oall S

Syl sre Sl LS ,o ails o Slee oy ol Jled Lidgh (ol 5l Jeol> gl bl 15LSe 4o dils o ,Slos
Se29 (pl b eun )3 Jol> (LS ;0 0,555 VYYY) okl sals jles 5l ails o Slae ol o 3YL (T Jgoz) cusls
@ 505550 Cdo i (S 5 dtd sdmlive byl A 5 modle 5 wald (o)l Hles G 5 0 sme IS
(O Jgaz) canls Blas auols 15 LS

Sy Jlesml s o @olel Sl bl iz Jsaz 5l Jole @l Guloly LSS 50 Sujglem 9 Shos
VAFA) (S 5o Sojglsm o Slee Jlaiie cn 5WL hlo )lol jlos ol mhaw (F Jsaz) og o dne do)o

3lmpwa Sed s oal Gl L b el b el gl pae OS] 6)L:.3—‘ £90 Hlawd b aS 04 (p,55LS

\Al


http://dx.doi.org/10.22034/arpe.7.14.69
http://arpe.gonbad.ac.ir/article-1-414-fa.html

[ Downloaded from arpe.gonbad.ac.ir on 2025-08-30 ]

[ DOI: 10.22034/arpe.7.14.69 |

VEOY ylimmoj 5 3l o € 0o ok 0,93 | (AU (55092 3351 (632,18 oligids 4y pub

bS5 6 kel calie sla s cow ailaalow o asdllas 5,50 Slao (Sl ye uSile) il )y 32 -F Jga
Table 4- Analysis of variance (MS) of studied traits of black cumin under different treatments of irrigation
and chitosan

5 Slas S Sles ol ) 5 Slas
| . ¢|T a U’Jﬁf 6‘9“"“ ) . . U9y ey .
St 6% Prolin o Siglses N oil OE5)
S.0.V. DF concentration  Grain  Biological Harvest  hercent Oil
yield yield index yield
".’x . 2 0.218 ** 12405 104585 40.67 19.02 11563
Replication
. ‘5)_@‘1 3 3.42** 6998 * 1793 ** 148.15** 71.17ns 6077 ns
Irrigation (1)
_Q‘”z; 2 0.003ns 104 ns 9733 ns 9.15ns 0.656 ** 31709 *
Chitosan (C)
°'5"fx XC“”l"-' 6 0.005ns  477ns  1173ns  2422ns  48.60ns 890 ns
> 22 0.006 21005 11883 15.86 25.81 4453
Error
ool b 5.44 12,81 6.45 8.33 1399 1731
CV (%)

oy S g iy Jleiml zolaw o ls gae BT g lo sixe M| 042 pie (o iy ki g 5 NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability,
respectively.
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Table 5- Mean comparison of studied traits black cumin affected by different treatments of irrigation

kel o o sy ails 5 Shos Seiglsm 3 ,Shes Sl sl
Irrigation Prolin concentration Grain Yield Biological yield Harvest index
Treatment (mg/g FW) (kg/ha) (kg/ha) (%)
70 1.22d 1222 a 1848 a 5245a
90 1.33¢ 11800 a 1749 a 49.47 ab
110 1.48b 1098 ab 1643 b 46.13 bc
130 1.57 a 1024 b 1520 ¢ 43.10 ¢
LSD (5%) 0.07 141 106 3.89

A (6,0 sre Dgles glylo 70 Jleizl mhans 10 LD 5051 bl s caiinn S s Gy S lyls JBlas a5 la o Silee (gt o 0
In each column, means with at least one similar letter are not significantly different (P<0.05) based on LSD test.
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Figure 1- Effect of chitosan on oil percentage
(Means in each column fallowed by similar letters are not significantly different at the %5 probability level)
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(Means in each column fallowed by similar letters are not significantly different at the %5 probability level)

ilge a ol el )| (rals sl Grals oleS (5 lpd cod Ghalesl ol )0 (s 9590 So3slsd 00 Slao

)l Sz imgid Slge g el g (Sis A aawly 4 pegid 0 WS 4 Gl e |y (Sis 5 Gl
Naderi and ) ols cows glas )| o 51 Sais il 4 olS sliws pas [CHPERNIE SRV S [N sleplasl 4
olS elas )| pals a4 e S i aiils bl (Hamrouni et al., 2001) .l Sen 5 Sse,le (Khaje, 2014

\id


http://dx.doi.org/10.22034/arpe.7.14.69
http://arpe.gonbad.ac.ir/article-1-414-fa.html

[ Downloaded from arpe.gonbad.ac.ir on 2025-08-30 ]

[ DOI: 10.22034/arpe.7.14.69 |

VEOY ylimmoj 5 3l o € 0o ok 0,93 | (AU (55092 3351 (632,18 oligids 4y pub

okl Jolsd ol b g o ylo sine ailsoliw olS gy glis )| 1 o ol Jolsd b wi asuie imghy b .ol o
Ui sl sl 5o O (4091 cssds sl gy (o a5l i Cold,y aS 0 (5155 caioren (Bl I3l g glis )
Nowruzpour and Rezvani Moghaddam, ) s s JLos as |, a8l as (65 wgid oly o arass zals o Sis
lrasls olaw ol b usen (Sis i 0yl Cdllae sy onl 5l Jols ol b sszge ol l3S a5 (2005
Nowruzpour and Rezvani Moghaddam, ) 5,138 oo e 555 oLS o Slee )l 4y g ails 5 J5 olaws 5 23
(2006

ol_sf )Jf CaL pw U’““"‘)S‘ [EPSew] (5'—|f°5 w....' A LJ‘““‘)B‘ U"‘)"L"’ S| Sgdone J.u.v) SQLS c\a‘.)cl.....u 4&..;‘ L 4:>5.| Lu
30 =58 sleasls slaws jialS 4 e ol (pl aS 098 o sl Al > e 4 093 aile, g Jlug, al ) A s )
god 5 Oy 4o hie WU Sis s (Sarmadnia and Koochaki, 2012) sgi o pagads sla i 4o oS
UM.QU l—"“j"‘—““’"\—“wsmsb‘-\-'SL_:;"QLW‘)M)o)j')J}-b)‘)uLQwM)WB‘))bubL‘f
5 JgmmsS 50 4y Slasd gy ;0 als slawd ¢ e ,8 a3l slaws gy gl )] oz ed Slao SleS i sl § O lyee
oLl (Nowruzpour and Rezvani Moghaddam, 2006) ab o (ialS ailsslaw olS o aigs Sis 39
(Soi9d gm0y Shas ¢ JgaaS 50 dls Bloal gy 10 JgunsS Slowi iy glis )| o)Ll Jolsd (iul38l b og>ge Lo 1S
SeiS i oS (g ,hex ol asdlle (Rezaei Chianeh and Pirzad, 2021) il zals ailsolows ails o ,Slae
oS o, o, » -(Petropoulos et al., 2008) sls zals |, oLS 1l St oole o,Soe Ol 04008 25 ols )Lt
GialS 5 Sy mhaw LS elis )| rals Sis o Jlesl a5 8,8 Lasuin j (Sid 55 056 Cod (L wape
(Bettaieb et al., 2009) cusls Jlis a1, 1, oS ! olga plasl iz 59

ezl g (6 jomsl adais 3 Wlgs o 45 3,105 o &g disal (il plos 51 i (25 Ll 4o cpdgp o
00 lge g Lable o lgre a4 opdgp gezs ili8l (Ashraf, 2004) wsl aisls (ids olS ol collad Lo
5ol Casods bl gliwly jo abl co (i Lyl b olS ablie 51 Sl SleS i 51,0 ol3] Gla G, glgil
Salarpour Qhoraba and ) 2L ciugl lls o Sas Luls 0 odspy Gl Gl cGadss o
(Dehghani et al., 2019) _lJT 45L 5 (Emami Bistgani et al., 2017) _Us w041 (Farahbakhsh, 2022
RO PR [ 4

t)—" ).s‘ o R J‘JSJJS JJ9J15 ooLouw_u Juubﬁjo\.\)b; J.JB)K 4.:).7U gA.CL: u] 05_.&5 Gwa.) Ja.:‘).w o
5 gsloes (Lawlor and Cornic, 2012) 55,5 s atwlS Ldg S (sgimme 3l amcs ;o g ool bowd oplgpy 4 iis
995 (29)0 oS p0 IS b IS e o (s)lo s 55l om0 JS Al e y0 oleS 15 a5 s )8 515 iz
Naeemi et ) 55,5 ;5530 Cio 2ol 4 e ol 2o0gue d> 1o 0 55 Jloel a5 I [0 wailai (g3lS gy
98,5 1,8 aslllae 5)50 SCdS i G a0l o)l oS Sojelen b Slaw iwgh @l 2015
lao Siol3dl goga = b Jedo,lS g il yrals Gad 4@ b IS e (S jnas Loyl il o aS 0 5 cdnlin
O e 51 LS el e 00, LS Ws S el liaze ol s 09dle .(Abbaszadeh et al., 2007) o 5
Yado“ahl )u‘)m 9 QSQ’”J" (Laribl et a.l, 2009) JJ;‘SA ‘_g).u...u}d 6[&01&) L)’“"‘)B‘ 9 J“jﬁjlj » k.;“‘?
DBl o polie ol 4wl oS o (Heidari, 2011) ), Kan § o 00 g oo, S0k30 oLS o et al., 2014

Nowruzpour and Rezvani Moghaddam, 2013; Rezaei ) ,LiSe ;o ails o, Shae p 5,ko] Lo 5,135
4 Glgs a1y ails o Shee 33l ool sais 3,135 5 (Chianeh and Pirzad, 2014; Rezapour et al., 2011

\A4


http://dx.doi.org/10.22034/arpe.7.14.69
http://arpe.gonbad.ac.ir/article-1-414-fa.html

[ Downloaded from arpe.gonbad.ac.ir on 2025-08-30 ]

[ DOI: 10.22034/arpe.7.14.69 |

wedildlow (S g 08 Slho o 45908 59,5 JIU w0

wodhe g ylel bl pd 50 5L Fiwgid 5 gond s> @t 5l g oolitil azii )0 5 (9l dmms i (g 0,
5 Lo s 0asS jiwgd mhu als S5 &b 5l .(Nowruzpour and Rezvani Moghaddam, 2006) sls ¢
G adile o, Slae 1alS (o wiled o o St il S gle lad 5095 (S, g dilo iy 0,90 Job oyl oligS
@ a5 Lass S o155 (Bazazi et al., 2013) | Ken 5 5315 (Rezaei Chianeh and Pirzad, 2012) ol jise
b 4 S3alem o Shas (i Sass (il L aS 358 se alasdle o s Giliee zolaw (6l b paSilos dunglie
5 90l e aals e (o (409 10 p,5 VVIYY) SOsgdgm o Sloe jlade o 5 s Gl a8l yialS (6,10 Jxe
3,5 A el (Wgr 40 0,5 VAY) So5elam o, Slas lie cp S dold 4 Cond (ials 25V L apads i jles

ol alols 2als L aS s sbay wusls cuslsy asls 5 sl cne il )Ll 90 0b Lasie iaghy b
b oyl ) e o (NOWruzpour and Rezvani Moghaddam, 2006) céb ial58l cosls p aslis ol
)‘ C;uf)‘dﬁ ua.>L~u w‘)ﬁ‘ PP 9 09 )lob.l.xa RIS a_i: Gla.w 90w o) g;g.i’)l.:).g ua.>L~u » Cz_im? gy ).ul:
slasllas b (Yazdani Cham et al., 2014) wo 5 Jol> s,lol 55, Vo 550 51 T oS 5 6okel 59y @ 90
Sals 1) T s a8 vl cass a0 JlS (6 loT w5l 0 il ol oS o il y asle YL Al asis
Jodo 4 Sas w5 Jlel L (Ramroudi et al., 2011) axiasls ails o,8ee 4 Cond So5g0gm o,Skae 5 i
gy opl 5l cal e (Shedem o,Slee als 4 s 1alS pl g b po s ails o ,Slee ils 59 ialS
A oo LS G pRelS wbloy asls 005 jaad Sis D 4> » g wbiee mals iy sl
cloy pasls a5 ol aazgi b oylo cuillas g cnl 5l Jol> gl b ol lebl ol a5 (Gornik et al., 2008)
oS 5o clls el (golaidl o Slee gals o 4y iy Layld 0 (SGielgn o,Sles s 3l cnl (U
sy 98kes o35S L QLS (Bl Jobowe 1 K25 (25 Lulyd 53 45 0, SIS pliee S| (585,8 anl wiily
ool 5o (Mahdavi, 2011) sls 2uli3l S55 oLS o 1, ails o5, cdale o S oSen e o Selgid ol
5 b SLEJS b Jol @l 4 w0, ails o5y 3 5kee 5 woys Gl & et i (B Jslme Buis
sl cislhe KI5 oLS pgas o (Talaei et al., 2017) | Son

S S A

Ol e ars Brae ol i 20 L iz 52555 oo e Gialejl (a5l ol s s azgi b IS 5l
Uolpe 5 Elile 1o 4358 B e Uil B35 s Lol g o axals ailsoliws oLE o ails o Slas 5 Ki5 i 5,
5 G825 ol @l (o Bebo it adlllae 990 oLS 0 Slos p (StS 5 cgm I g 5l (6555l Sl il
O )5 0y Shee a5 el azm )3 9 olS el )] falS 4 e (S 5 590 ez ee DL ple
ailsolis (o9l oLS Sufslsnied Slio jo Plslolonl o yomie (S 545 0,5 (asie Ghagh (il @l
2 Sy w2 se OigiS (o2l ale wiz e st 58,5l ol o Slae  ules o Wlice sl e 45 005 s
oS ) 099 (b 50 OligeS (SAhdslre Conl (e a3l (LaS Bagh (nl @l (Jg w35 ) 9s9e Slio
5 3o 35t 1 3 W g ABLS 0lS o (St 5 phe OIS 28l g ol S Suels b Olae S 4 3B
S 5 ine Sl alS 5 s foisine el l 18 olignS 0 lS o ol g b Ctls walys
il o st Slallae &) 3 ot Lyl 4 eole ool bl slowe e i1 51 lisalsl (gl 1) il

YA


http://dx.doi.org/10.22034/arpe.7.14.69
http://arpe.gonbad.ac.ir/article-1-414-fa.html

[ Downloaded from arpe.gonbad.ac.ir on 2025-08-30 ]

[ DOI: 10.22034/arpe.7.14.69 |

VEOY ylimmoj 5 3l o € 0o ok 0,93 | (AU (55092 3351 (632,18 oligids 4y pub

P

Abbaszadeh B., Sharifi-Ashurabadi A., Clothes M., Naderi Haji-Bager., Kennedy M., Introduction
F. 2007. Effect of drought stress on proline, soluble sugars, chlorophyll and relative humidity
(RWC) of lemongrass (Mellissa officialis L.). Medicinal and Aromatic Plants Research, 23 (4):
513-504. (In Persian).

Ahmad A., Husain A., Mujeeb M., Khan S.A., Najmi A.K., Siddique N.A., Damanhouri Z.A.,
Anwar F. 2013. A review on therapeutic potential of Nigella sativa. Tropical biomedicine, 3
(5): 337-352.

Arnon D. . 1949. Copper enzymes in isolated chloroplasts. Polyphenol oxidase in Beta Plan
Physiology, 24 (1): 1-15.

Ashraf M. 2004. Some important physiological criteria for salt tolerance in plants. Flora, 199: 361-
376.

Bazazi N., Khodambashi M., Mohammadi S.H. 2013. The effect of drought stress on
morphological characteristics and occasional performance components of fenugreek. Production
and Processing of Crops and Horticulture, 3 (8): 22-11.

Bettaieb 1., Zakhama N., Aidiwannes W., Kchoukm M.E., Marzouk B. 2009. Water deficit effects
on Salvia officinalis fatty acids and essential oils composition. Scientia Horticulturae, 120: 271-
275.

Bhatt P.K., Patel P.T., Patel B.T., Raval C.H., Vyas K.G., Ali S. 2013. Productivity, quality,
nutrient content and soil fertility of summer green gram (Vigna radiata) as influenced by
different levels of vermicompost and phosphorus with and without PSB. Agricultural Sciences,
9: 659-662.

Chowdhury J., Karim M., Khalig Q., Ahmed A. 2017. Effect of drought stress on Bio-chemical
change and cell membrane stability of soybean genotypes. Bangladesh Journal of Agriculture
Research, 42 (3): 475-485.

Dehghani M.S., Naeemi M., Alamdari A., Jabbari H. 2019. Effects of chitosan foliar application on
guantitative and qualitative characteristics of German chamomile (Matricaria chamomilla L.)
under water deficit stress conditions. Medical Sciences, 5 (1): 121-133. (In Persian).

Emami Bistgani Z., Siadat S.A., Bakhshandeh A., Ghasemi Pirbalouti A. 2017. The effect of
drought stress and elicitor of chitosan on photosynthetic pigments, proline, soluble sugars and
lipid peroxidation in Thymus deanensis Celak in Shahre-Kord climate. Environmental Stresses
in Crop Sciences, 10: 12-19. (In Persian).

Farouk S., Al-Sanoussi A.J. 2019. The role of bio-stimulants in increasing barley plant growth and
yield under newly cultivated sandy soil. Cercetari Agronomice in Moldavia (Agronomical
Research in Moldavia), 2 (178): 114-125.

Ghamarnia H., Khosravy H., Sepehri S. 2010. Yield and water use efficiency of (Nigella sativa L.)
under different irrigation treatments in a semi-arid region in the west of Iran. Medicinal Plants
Research, 4 (16): 1612-1616. (In Persian).

Ghamarnia H., Miri E., Jafarizadeh M., Ghobadi M. 2017. Determination of Nigella sativa L. water
requirement by lysimetric method in an arid and semi-arid climate. Irrigation Science
Engineering, 35 (4): 75-82. (In Persian).

Gornik K., Grzesik M., Duda B.R. 2008. The effect of chitosan on rooting of grapevine cuttings
and on subsequent plant growth under drought and temperature stress. Fruit and Ornamental
Plant Research, 16: 333-343.

Hamrouni I., Salah H. Marzouk B. 2001. Effects of water-deficit on oil of safflower aerial parts.
INRST, Laboratoire d"daptationetd”’melioration des Plants, BP 95 2050, Hammam-Lif,
Tunisia, 95: 21-52.

va


http://dx.doi.org/10.22034/arpe.7.14.69
http://arpe.gonbad.ac.ir/article-1-414-fa.html

[ Downloaded from arpe.gonbad.ac.ir on 2025-08-30 ]

[ DOI: 10.22034/arpe.7.14.69 |

wedildlow (S g 08 Slho o 45908 59,5 JIU w0

Heidari M. 2011. Effect of salinity on growth, chlorophyll content and osmotic components of two
cultivars of basil (Basilicum ocimum L.). African Journal of Biotechnology, 11 (2): 379- 384.
Karim M., Himel R.M., Ferdush J., Zakaria M. 2017. Effect of irrigation levels on Yield

performance of black cumin. Environment Agriculture and Biotechnology, 2 (2): 959-966.

Laribi B., Bettaieb 1., Kouki K., Sahli A., Mougou A., Brahim M. 2009. Water deficit effects on
caraway (Carum carvi L.) growth, essential oils and fatty acids composition. Industrial Crops
and Products, 30: 372-379.

Lawlor D.W., Cornic G. 2012. Photosynthetic carbon assimilation and associated metabolism in
relation to water deficits in higher plants. Plant, Cell and Environment, 25: 275-294.

Liu C., Tan Y., Chen X., Yu L. 2017. Preparations characterizations and applications of chitosan-
based Nano particles. Ocean University of China, 6 (3): 237-243.

Mahdavi B. 2011. Evaluation of the interaction of chitosan and zeolite on phenology, growth and
yield of safflower under water stress, Ph.D. thesis, Faculty of Agriculture, Tarbiat Modares
University, 176 p. (In Persian).

Malerba M., Cerana R. 2019. Chitosan effects on plant systems. International Journal of Molecular
Sciences, 17: 987-996.

Mardanlo E., Dehdari M., Mirshekari A. 2018. Evaluation of drought tolerance in some black
cumin (Nigella sativa L.) landraces. Plant production, 24 (3): 103-117. (In Persian)

Muchate N.S., Nikalje G.C., Rajurkar N.S., Suprasanna P., Nikam T.D. 2016. Plant Salt Stress:
Adaptive Responses, Tolerance Mechanism and Bioengineering for Salt Tolerance. Botanical
Review, 82 (4): 371-406.

Naderi S., Khaje H. 2014. The effect of chitosan on some characteristics of antioxidant and
biochemical enzymes in Melissa. Crop Science in Arid Areas, 1: 116-100.

Naeemi M., Akbari G.A., Shirani-Rad A.H., Hasanlu T, Amiri-Nejad M. 2015. The effect of
application of zeolite and selenium spray solution in different moisture regimes of some
physiological traits and yield in medicinal pumpkin (Cucurbita pepo L). Journal of Agriculture,
17 (3): 647- 635. (In Persian).

Nowruzpour Q., Rezvani Moghaddam P. 2005. The effect of different irrigation cycles and density
on yield and yield components of black cumin seed. Crop Research, 23: 314-305. (In Persian).
Nowruzpour Q., Rezvani Moghaddam P. 2006. Effect of different irrigation intervals and plant
density on oil yield and essential oil of black seed (Nigella sativa L.). Research and

Construction in Agriculture and Horticulture, 23: 138-133.

Petropoulos S.A., Dimitra D., Polissiou M.G., Passam H.C. 2008. The effect of water deficit stress
on the growth, yield and composition of essential oils of parsley. Scientia Horticulturae, 115.
393-397.

Pongprayoon W., Roytrakul S., Pichayangkura R., Chadchawan, S. 2013. The role of hydrogen
peroxide in chitosan-induced resistance to osmotic stress in rice (Oryza sativa L.). Plant growth
regulation, 70 (2): 159-173.

Ramroudi M., KeikhZhaleh M., Galavi M., SeghaEslami M., Baradaran R. 2011. Effect of foliar
application of micro-nutrients and irrigation regimes on yield and quality psyllium. Journal of
Agricultural Ecology, 3: 219-226. (In Persian).

Rezaei Chianeh, A and Pirzad. 2012. The effect of different irrigation treatments on essential oil
accumulation, its compounds and some Eco-physiological traits in fennel. PhD Thesis, Faculty
of Agriculture, University of Tabriz, 193 p. (In Persian).

Rezapour A., Heydari M., Goli A. 2011. The effect of drought stress and different amounts of
sulfur fertilizer on grain yield and yield components and osmotic regulators in black seed
medicinal plant. Medicinal and Aromatic Plants Research, 27 (3): 394-384. (In Persian).


http://dx.doi.org/10.22034/arpe.7.14.69
http://arpe.gonbad.ac.ir/article-1-414-fa.html

[ Downloaded from arpe.gonbad.ac.ir on 2025-08-30 ]

[ DOI: 10.22034/arpe.7.14.69 |

VEOY ylimmoj 5 3l o € 0o ok 0,93 | (AU (55092 3351 (632,18 oligids 4y pub

Salarpour-Qoraba F., Farahbakhsh H. 2021. Effects of chitosan foliar application on some
physiological and biochemical traits of thyme (Thymus vulgaris L.) under drought stress.
Medicinal and Aromatic Plants Research, 37 (3): 530-548. (In Persian).

Sarmadnia G., Koochaki A. 2012. Crop Physiology. 17" Ed. University of Mashhad Press,
Mashhad, 400 p. (In Persian).

Shibamoto K., Mochizuki M., Kusuhara M. 2010. Aroma therapy in antiaging medicine. Anti-
Aging Medicine, 7 (6): 55-9.

Talaei G.A., Sharghi Y., Zahedi H., Modares Sanavi A.M., Alavian S.A. 2017. Evaluation the
interaction of chitosan and zeolite on yield and yield components of safflower under water
deficit stress. Journal of crops improvement, 19 (2): 531-542. (In Persian).

Yadollahi Deh-Cheshmeh P., Bagheri A.A., Amiri A., Ismailzadeh-Bahabadi P. 2014. Effect of
drought stress and chitosan foliar application on yield and photosynthetic pigments in sunflower
(Heliantusunnuus L.). Journal of Crop Physiology, 6 (21): 83-73. (In Persian).

M


http://dx.doi.org/10.22034/arpe.7.14.69
http://arpe.gonbad.ac.ir/article-1-414-fa.html

AY

[ 0£-80-5202 uo JrJe-pequofad.e wouj pspeojumo( | [69°+T 2L adree02Z 0T 10a ]


http://dx.doi.org/10.22034/arpe.7.14.69
http://arpe.gonbad.ac.ir/article-1-414-fa.html
http://www.tcpdf.org

