10.22092/ijmapr.2021.352963.2919 (DO Sy aclis ol e 5 )by 0LLS Cliios ale a2
20.1001.1.17350905.1401.38.1.2.0 (DOR) Jlizmys anlis (VF ) YY=FY amio O oola FA Al

Gl da Cilise a5, Lo ol CLS « (Carum copticumL.) 355 55,13 oS 4S5 5 5 5 Ses —

f)y,p-“vw on s w2 ookes & slo el oss Jla ) paie
ol R ‘C}“\% «Grvb.. oty (55,508 suSasls (bl CMJ‘ 5ol w; )l ol )8 (g pzmitsls =
ol R ‘C}“\% ‘C’”‘\‘" oty (55,558 suSzsls (bl CM"‘ 5 el s 8 Oletils (Jsts sty 5 — %Y
aminsalehi@yu.ac.ir : s Sl
ol sl pomls sy (55,508 suSils (bl el 5 el 558 oleails -

ol ! ‘C’“\i ‘C).N\i J&sls w5, sleS saSiisls (bl C)Lp\ g celyyos S dSs gomails —F
Ve L;;:L)Zj.lié)\: \f“#:bﬁwcw‘@)b Y44 )ST:QA\UJ'CU\S

oS

O pod @'-‘-e.\ﬁj lads i b3, )2 &kl Clﬂs 4 (Carum copticum L.) o5 &S 5 oS s Shae oo 2 ) p
ol =gl s 65,0laS sl plosle Sladss s 50 LSS Slen b ol oS oS5k 2 b al s sas s s o S
3 (A A e s sl s 5 sllae (WD) o 55 s ol Jule ol Jule ot 1l WWAV=3A el L s )6
58 #1853 ol 355 500 SIS L ol 355 5 V0 dinssSen aala) mlae (it 5 gladss sk Jula o 5 s
X /PO (2 o i ia Sl sba L] el s (S +US s als 555 5 ¥ 5 LS s s 58 i Y
008 i o Al oluw Wi o e sluw Wiy E:UJJ\ X2, OY/AF 5 NA/EA FN/YA XE/F FY/F- X2/\Y YV/YO
2B 5 ol 358 S sl ax Cslhe (bl & crd bl 5 Shae 5 Guiled o (s 3 Shae il 5 Sae sl
aon (23l o 55ll fda a5 ol Ll Sl 3 o oS o sbay ot U5l e plas 1S pae Sl 4y o 58
iz s e bl 3 Shae 5 uild s s Slao s g ladss mlie 5 bl pahe (1S Wl §ens S5 lio
2 OL/84) e o S 5 osllan (5ll 5 15580 +5 U8 55 pols 3,85 518 53 05 Yo Slas 3 (YA/AS) il oo o it
+ LS 5o s 38 5 ¥ Sl L3 OGS s 2 SASNO/ Y Gulid s S o it o saalie sl ol 5 sls Sls
el s Ol ol 5 el e 53 55 QLS s p SASF/8Y) o ol oS 5 osllas (Ol 5 1) S

J 5,55 (Carum copticum L.) Lo bl 5 Shas cails 5 S 1gudS slas3ls

5l S5 ks Jsad and o3 5 slos & bl L doddio
CUUU [ PRV CORRR O 1 [ PO PR C SRS IO PO o5 31 Carum copticum ks oU L olis ol

(Karapikar & Aktuge, 1987) cul saz 18 ... 5 b Lol ol el &S el (Apiaceae) ol i
cbable 5wty euiSopume blos 0 iage ;{'-)63 AL Lol ) s e asls oil Ajowan



Yy

b ol p |52 Se 5 AL Bl s 1, sal
il 5 Bi olS (65, LS ran LBwl 55 5
Gk 3l mesd ol GRlBl rmer 5 S el
3 osSe bl 1 o) amdls i Sy S
3 bl 5o Shas a0 Shas ol $an>
£3l, 5 (Trachyspermum ammi L.) oL ps)ls 455
L C“‘L 5886 4o L (Foeniculum vulgare Mill.)
6\-"['-’."' ) (c-ﬂ'L RELCIE) C:-LL L) clh 33 53 15,55
3 caSa e Yoo 5 Yoo Neos) CE“ a5 ol
3 See 15555 b s Ll 5o a8l plas (s
2R Y 50y a0l s S (SKss e
2o e oS goB L e g me e
TAY 5 158 olmea o sa 0l 5 absl 4ls 5 Sles
Ao 15,58 L CML Lils oo aela balis o
G-I PYVA RPIVA P ERUV- I PV 5 R Vi P WY
> U/ 5%/ 4w ia) ol s alsl, Lulad ol
o 53 0l Ol oS 5 S Ve o\l e
s YV L cssa) LS o ceSe e Yoo okl
iz s (Kouchaki et al., 2015) s sanles (£Y/4
5 Glomus mosseae /5,55 slag )6 JICHRT
Lo cos o, WS as, , Glomus intraradices
SU Sas am oS as el pla S i
L S osba wwals Gbs)) a5 Sliv 5 b sne
S CL“ 5 2l gy p ) (S Cash, ol S
SY S sy, SLrb sl 5l edlea il mals
e Sale oL g ls s i) sl bl 1S
SLLS b aslia s 13,58 SV 5K 5] bzl L s
o5 Ll s o g o Sles 5 a5l eais s
Kag loyss 5 ek Bla 0 ey Sas
sleoslg glsil 5l eslinal iz (Aslani et al., 2011)
o lise s LSl 5l S ol Sl T
a5 3550 el LS &Sy A Slosas s
boanslie 5o by slaa S ozpm I glaasS 5,8 5158
5 dmea U oslee 3l uslie Gl plass lassS

Y ooled YA W ol bime 5 pasls LS Ol anldas

uﬁT @L’*" 39S (Sidaas 5 Sas bl 5,5leS
O e 2l Grzen 5 mle le peli ea i 45
(Ugan et al., 2007) a»> o )l 3 L5 cov |, gl
oS i 5 (YY) ol , Bazazi
sl oS s Slae Glial 5 K5 Slosar
‘@v\g U 5oy olaw mals 5 s S HLoul | adas
slaws) 3 Shee sliml 5 W plinl ( (S, b 55, lows
o L (@lalm s 5 SN o als slaw w5y S
Bradaran , Mokhtari x5 S 3,18 Sas s
t&;)\ salS el Sia jan aS s S ol 5 (YY)
oS o b sbasls sl 5 oS Sas 5 5 o5y win
op e 4S (S5 5bay LA Satureja hortensi o3 . o505
ikt Jsene L) G2 ook Dles 4 by Gl
s 4 ba e Sliv o Ske iS5 LUK 54, 0
o8 G500 5 Camdl a5l s s 4 kel s
55538 ol b JLSes cle a5 5 o)l oL
(JSlas hs 55 5508 eaoler i ol (8 5 L1
Slan il 3l s sty Jl it Wl 45 2s) 035s) Cens
S SN g o M 3 b 20l 0LLS 65
Ao Dol S ho s 5 e e o gt )
Olyea 15,55 é\-”G)B sl 525 580 C)b L oblS
S 511 i ol 5 OF ol glaty) w4l
el g oo cnl 5 Ao 1B R R PRk o
s oS Gaae 48 o ol Goae QLK osg
53 oS ples a5 s Of speS i sla il 2l
(Rahimi et al., 2016) .5 . S Sas 4,
5o ol ol Lalys 53 Sk o K55 | 5Sm
Cdx ol e azy, e Db Bl Gk o
4 el oo Culg Do 5w, Bl gl jole
Mohammadi et ) 55s L oS L3 Joss | Sis
5.8 S8 amS 5 (Y-\V) Gholinezhad .(al., 2011
oS 5 Tage used) 1S 56 58 oS
o se DS gOB Gae pae 4 Cond Gl
ol e e ) o See ol 5 See )



...&}).bag&;_’égb‘)gaﬁéug

Cod |y )5S 5l ey 4 &S 3 Gl s HsuS
S sS 5l s esliad rman 5 ol asls 13 sl
(SRR 6591 @\4‘ L;fﬁ:ﬂ [j JLsay 5 ol
CadS 5 oS S vlzow D) L;ngs'f‘))j‘\d
ol B Gl e Glaasl 6l 2l (o5,5laS DY sams
sasS Ll bl jmals 5 oS 5 Ol sl
sl 5l Gas el s e glacu ol 5l ol
355 5 LuosSen szl Cute S s (s ol
i g 4 ol oS caslie 555 VL s b
ol S 5 S 3 Ses M e ol b ey

58 Jess 331, S a5 sl s

o 59, g ol

5 Golel il C’L“ A bl sl sl ol
Ol 5 3 8ae Glal oo Shas Sl sas ) clain
sl plole Slidss as,3 5o oliy ab sl
i Jl e b gl —ples e gooslaS
TN OPINCHE SUSTICH IS TR IR LLALY)
L2l DS Dl b ol JolS cbaSel b al
o) g 53 5o bl Jels ol Jale s S
Clam 3l s edes Yol Jsene W) sl
S A ] Cb s (s Saas
S a il = s Sais mhae Sl s e e £0)
o oy lads C}L-“ Jolo =3 Jele (LS @.T
S50 SESa 53 el 355 50 S nls) o
DS s el 58 5 Y S LS s el 5 S
g (oS + LU j5 ls S 5 Y

N8 oS 5k 5 S ool ol b Sl
=Y Ges Sl assge i Ve Sl el Sldes ol
s ol s&alsl s 5 ag oS S wse sl
S as aps gl 2l Slews oS eS8, S
orlil Slasze ol saz ALY Jsar 5 o] ls

el iz 03l LS Y Jous o e bl oS

Y¥

5 b 555 onsh gl ol ) 8wl plsiea
Sl 5 e al) ol ol &S Wy e Hleday ks
» (Yeef) oL\ 5 Leithy ams o )3 ols
ol a8 5 A s S 518 s iy ol
e Ll G b 5l Jsame 5 Slas 55 » odle
5 Fegd ol Ll plde ole 4 oS e
S caS s cel (S ol Wy )l
S gz Sl ey 0k 5 (Sed s Sns)
03 et 5 by oo oS SU cow 0l 5 s bolse
558 Sol Jule s |t s sl iRy A e
5 el 5 Red (5a8 plend 255 5 ey (sl
el s oS Al bl my bls e bl
oy, dols L j,q-—o\,;)‘ le.au oS A sl ples
350 Sl e (el 255 3 Ll e e Sl 7
éwa&‘)&“kﬁrﬁm)ggﬁ“c
s Eblagh .>.» .(Mahdavimarj et al., 2015)
355 b 545 Calize C}k.w 58 YY) ol
5 olme o Sas 5 olins suiS > o SL 5 (58) IR
c\.u' ..;\SJJS woR \) ;Q\.J) e\."f U“J\’W‘ g;Lé‘ g;\.a:;,..Sj
5 o 2sS C}L“ il b ll s Sdas a8 sl gl
Akbarinia .c3\, )3l Olaws suS > ¢ SL s
Gl 5 J1 bt sbaasS sl (Y. -8) Sefidkon
olis ool oS wly Ll gl 5 5 Sae gl
L oaS sl gles cu > gad sw,p (Carum copticum)
Poos A b e e s OOos peolie )
oS el Ll Bl ol als 5 See S s r;}lﬁ
Sy o sl wb Jelll gl 6,;1: st
5 &l 5 See ol 258 Hlade Lal sl &g\f,l & s
Sad 4 boe ol e & S8l B LSl Gl
sl S il ks e LS P A
2 Bl LS L Al s oS sl
ol s Sae 5 Lelal aos s 5 Ses Wl 51 S
asls g i
2ol 35S L gl anlse 5 JluSlas g5 252 b



Yo \a)\.«..i‘\"/\)lq‘o\ﬂl}uj@j)‘aob\,f&u,j;ﬁuw

iales] doe SB lard 5 (Kb Olasin =) Join

Table 1. Physical and chemical characteristics of experimental site soil

EC Organic Total N Absorbable P Absorbable K Absorbable Zn
Texture pH (ds.m) ”}i}:fr (%) mg.kg™) (mg.kg™) (mg.kg)
Loamyclay  7.50 0.5 1.7 0.21 8 250 0.46
ialesl 3550 oS el Olabi —Y Joax
Table 2. Climatic characteristics of experimental site
Date Temperature (°C) Relative humidity (%) Precipitation
Minimum Maximum Medium Minimum Maximum (mm)
March (2018) 8.3 14.3 11.3 22 79 2.0
April (2018) 13.6 30.3 21.9 20 78 1.0
May (2018) 13.6 40.6 29.5 8 46 0
June (2018) 133 413 433 7 41 0
July (2018) 20.3 41.9 32.6 12 55 0
August (2018) 9.6 385 29.0 11 55 0
September (2018) 14.0 34.0 24.0 10 55 0
October (2018) 9.2 26.7 20.0 12 48 4.0
November (2018) 7.9 17.9 12.9 46 93 9.8
December (2018) 2.8 18.0 104 25 81 4.0
January (2018) 3.9 20.6 12.3 20 80 15
February (2018) 7.12 14.3 12.2 20 65 25
s 28 lasin -Y Jsas
Table 3. Manure specifications
Total N Absorbable P Absorbable K Organic matter
Characteristics %) (mg.kgh) (mg.kg) (mg.kg?)
Manure 2.81 0.9 4.64 57.24
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Table 4. Analysis of variance of yield and yield components of ajwain (Carum copticum L.) at different levels of irrigation and application of nutritional sources

Source of variation df Plant height Number of umbels Number of seeds per 1000_-seed Seed yield Biological yield Percen_tage_of Esser_mal oil
per plant umbel weight essential oils yield
Repetition (R) 3 6.6770n° 22.122™ 326.288" 0.008" 4561.547"™ 60453.40"™ 0.006" 4.945"
Irrigation (1) 1 4269.15™ 825.518" 18768.453™ 2.471™ 99710.81" 19323189.92™ 1.647™ 163.652™"
Error a 3 245537 36.780 176.215 0.162 8724.58 178816.57 0.125 7.065
Nutrition (N) 5 713.966™ 252.749" 1609.558™ 0.156™ 55857.29" 1884029.41™ 0.428™ 52.751™
I xN 5 19.8544" 10.121"™ 53.683™ 0.006"™ 10.121" 100686.11"™ 0.284™ 6.270"
Error b 30 23.2800 16.723 84.029 0.023 16.723 141761.03 0.045 1.438
C.V. (%) - 6.80 15.47 8.69 11.85 15.47 10.25 10.27 13.56

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

(Carum copticum L.) 555 53 3,8 )izl 55 Shas (55058500 Slio p ladss gl 3,08 5 @kl pobe Jol 51 68k amylis -0 Jsan

Table 5. Means comparison of the main effect of irrigation levels and application of nutritional sources on morphological traits, yield, and yield components of ajwain
(Carum copticum L.) seed

. Number of umbels Number of seeds 1000-seed weight Seed yield Biological yield
Treatment Plant height (cm) per plant per umbel () (kg.ha?) (kg.ha)
Irrigation
Optimal irrigation 80.38%" 30.582 125.302 1.522 464.782 4306.2°
Irrigation cut-off 61.52° 22.28° 85.75° 1.06° 373.63° 3037.3°
Nutritional sources
Control 55.75° 17.89¢ 82.80¢ 1.10d 295.23¢ 2912.04
Mycorrhiza 74.18% 26.95%¢ 106.70P 1.30b¢ 450.41° 3758.9°
15 ton.ha! manure 69.78% 26.31° 94,91 1.19c¢ 396.10° 3306.1¢
15 ton.ha* manure + mycorrhiza 77.90% 30.80%® 117.702 1.38%® 490.08a" 3931.3%
30 ton.ha'* manure 65.85¢ 22.91° 103.77%¢ 1.26k* 397.56°¢ 3850.6°
30 ton.ha! manure + mycorrhiza 82.302 33.73a 124,282 1.502 518.842 427152

“In each column, the means with at least one common letter are not significantly different (LSD test) at 5% probability level.
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(Carum copticum L.)

Table 6. Means comparison of irrigation x nutritional sources interaction on percentage and essential oil yield of
ajwain (Carum copticum L.) seed

Essential oil yield

i il (O
Treatment Essential oil (%) (kg.ha®)
Control 1.609 5.23¢
Mycorrhiza 2.31b¢ 11.42%¢
U 15 ton.ha* manure 2.4b 10.47¢
Optimal irrigation 15 ton.ha* manure + mycorrhiza 2.37° 12.81°
30 ton.ha™ manure 2.00¢ 9.19¢
30 ton.ha* manure + mycorrhiza 2.802 15.022
Control 1.81% 4.62¢
Mycorrhiza 1.70P 6.81°
I 15 ton.ha* manure 1.94% 5.72b¢
Irrigation cut-off 15 ton.hal manure + mycorrhiza 2.052 8.992
30 ton.ha manure 1.85% 6.37°
30 ton.ha* manure + mycorrhiza 1.91® 9.782

“In each column, the means with at least one common letter are not significantly different (LSD test) at 5% probability level.
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Abstract

To investigate the response of quantitative and qualitative yield of ajwain (Carum copticum L.)
to the irrigation cut-off in different nutritional regimes, an experiment was conducted as split-
plot in a randomized complete block design with four replications at the research farm of
Sarvestan Agricultural Jihad Organization, Fars province in 2019. The factors consisted of
irrigation as the main factor at two levels (optimal irrigation and irrigation cut-off at flowering
stage) and nutritional regime as the sub-factor at six levels (control, mycorrhiza, 15 ton.ha*
manure, 15 ton.ha® manure + mycorrhiza, 30 ton.ha® manure, and 30 ton.ha’ manure +
mycorrhiza). The irrigation cut-off treatment reduced the plant height, number of umbrellas per
plant, number of seeds per umbrella, 1000-seed weight, seed yield, biological yield, essential oil
percentage, and essential oil yield by 30.65, 37.25, 46.12, 43.40, 24.40, 41.78, 19.68, and
52.86%, respectively compared to the optimal irrigation. The use of manure and mycorrhiza
significantly increased all the mentioned traits. Moreover, the interaction of irrigation and
nutritional sources treatments significantly affected only the percentage and essential oil yield.
The highest percentage (2.80%) and essential oil yield (15.02 kg.ha') was observed in the
30 ton.ha* manure + mycorrhiza and optimum irrigation treatment. The lowest essential oil
percentage (1.60%) was obtained in the control and optimum irrigation treatment and the lowest
essential oil yield (4.62 kg.ha) resulted from the control and irrigation cut-off treatment.

Keywords: Seed yield, essential oil yield, Ajwan (Carum copticum L.), Mycorrhiza.



