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Abstract

Background and objectives: Fennel is an herbaceous, aromatic, and perennial plant from
the Umbelliferae family with the scientific name Foeniculum vulgare L. The height of the plant
is about one to two meters. Its stems are erect, cylindrical, branched, and green. This plant is
one of the world's most well-known medicinal plants and is considered an important agricultural
export product of Iran. The medicinal properties of fennel include improving the digestive
system, eliminating hormonal disorders, especially in women, and increasing breastfeeding in
mothers. Given the increasing demand for this medicinal plant, improving the quantity and
quality of its yield through optimizing agricultural methods, including proper nutrition, is of
particular importance. The use of nitrogen fertilizer in combination with organic and biological
fertilizers, such as sugarcane compost and biofarm, can improve the growth and yield of fennel.
Therefore, the present study was designed and implemented to determine the best type of
fertilization and, in fact, the appropriate nutrition for fennel plants in the climate conditions of
Khuzestan, in the city of Molasani, 36 km north of Ahvaz, between the Karun River and the
Ahvaz-Shushtar road.

Methodology: This research was conducted in autumn, winter, and spring of 2023-2024 at a
farm of Khuzestan University of Agricultural Sciences and Natural Resources, in the form of
split plots in randomized complete blocks with three replications. In the main plots, levels of
combining nitrogen fertilizer and sugarcane residue compost include Al: control (no use of
nitrogen fertilizer and no use of sugarcane compost), A2: 150 kg/ha pure nitrogen, A3:112.5
kg/ha pure nitrogen + 8 tons/ha of sugarcane compost A4: 75 kg/ha pure nitrogen + 16 tons/ha
of sugarcane compost, A5: 37.5 kg/ha pure nitrogen + 24 tons per hectare of sugarcane compost
and A6: 32 tons per hectare of pure sugarcane compost were investigated. In the subplots, the
seed inoculation treatment with Biofarm biofertilizer, including BO: control (no seed inoculation
with Biofarm) and B1: treatment (seed inoculation with Biofarm), was investigated. The
measured plant traits included seed yield per field unit, seed yield components, morphological
traits, and essential oil percentage and yield per field unit.

Results: The results of the statistical analysis of the data showed that the highest height of
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the plant in treatment A3 (119.8 cm) and treatment B1 (108.3 cm), the highest number of
branches in the plant at the level of treatment A2 by (38.85) numbers, the most The number of
umbels per plant at the level of treatment A2 (17/7) and in treatment B1 at the rate of (15/5), the
highest number of seeds per umbel corresponding to treatment A3B0 (166/80) of seeds per
umbel and without the use of biofertilizer was obtained. On the other hand, the maximum
weight of 1,000 seeds in A5B0, A2B1, and A3B0 treatment levels were 3.5, 3.4, and 3.4 grams,
respectively, which were not statistically significantly different from each other. In general, the
highest seed yield in A4B0 treatment is (998) kg per hectare, the highest percentage of essential
oil in A2 treatment is (2.26) percent, and the highest fennel essential oil yield is related to A2B1
treatment level, (22.1) kg. It was per hectare.

Conclusion: According to the results of this research, the application of 75 kg/ha of pure
nitrogen and 16 tons/ha of sugarcane compost to increase the yield of fennel seeds and the use
of biological fertilizers along with chemical fertilizers (150 kg/ha) increased the yield of fennel
seed essential oil. As a result, if the results are repeated and confirmed in subsequent studies, it
can be recommended to the manufacturers of this product.

Keywords: Essential oil, organic fertilizer, chemical fertilizer, biological fertilizer, seed yield,
thousand-grain weight.



050 sleant 558 il 53U e OAY

Wy st PoBen (3 395 9 i Sb Cawguas” (JT 355 (03958 (tloonds 3957 (Al 4T (o
(Foeniculum vulgare L.) 4L 31y 4515 _gilul 9 & yhos

P bl Jo 5T tmie e ol dililas s 050 o]0 Lo aame Lol 5 o las 50l
IRl oliws s b e 5 (535S pske ol8tils ( ALE K5 5 oy pttge 05,5 o5 LS (655050 A ) i1 ae el il -
ol s sx anb @\J-‘* 5 &S ke sl (P K55 5 A i 05,5 Oletils (J gt sy 5 — Y
moraditelavat@asnrukh.ac.ir :moraditelavat@yahoo.com : s 5 xSl
Ol ol gn b w5 (5305L2S o ske ol ( aLS (S5 5 My pwigan 035 bzl =Y
olal ol s b e s soslasesle oMty (2l S5 5 My g 558 loils -F
Ol ol g b wlie 5 (55,5l poke il ( ALS S5 5 M gmdige 558 Slslend =0

VECX/ VYO 1ty el VEF/V/Y0 g ool s VP ATV il s gl

ouS

s9d olS oyl g glis,) .l Foeniculum vulgare le oU L ol i o 51 e 5 ke S L) S 5 b
5 ol oo ead anslis )l GLLS ahes ) ol ) ol K5 e 5 criie (sl gl (W6 T Sl ol e 5s b S
W) w5 (S e g Jold SL51 pasls (ole asd e g Olal GooslaS Slolo e VB 5
oS 5SS 35 ol oS cal Gl Lol (a5l 4 am sl o sl o a2l 5 U5 Lo sssa Gsesss
Gl 53 055 5 et 355 5 ) als Sle sy Capmnl bt 4dx Azl (o) iy Gileane s bl of 5 Slas
San b 2 el ool 3 st AU 5 Ses 5 0t s e Al p5lsm 5 S CegnS s 5 T sbasS L
a 55 5 5lsal et kS ¥F s GO g2 s pledss alor s ol Tl s sbsl oS as S g5 e e
5 8 1l 5 b i Slenl esla b oS 55, Jols

Olawisr b wle 5 g5osliS pole oRils asze 5o NFY=NFeY ey Jle s iasn ool bias 5 3l
255 Gl sk ((Jol G S s ol ol LSS an b ol oS bS5k 4l 2 b LB o sais 2 o S o0k
53 eSS N0 A2 (Kt Com3eS 308 pe 5 05555 355 508 pae) wali AL Jels S gLl cmpaS 5 0355
2 S ASVO AL S S S 3 5 A+ Al 35 S s p SASVYO/0 A3 (s o5 55 S
DS s oYY+ alle 055 20 SUS 5o p SAS YV/0 AL e g SIS 5o 5 VP + alls 535 58 LS
g,-"‘-e,)’335\-.')-1{cﬁbjw,’ég"ﬁ6L“’¢J5)°~“wau4]L'>45¢é¢wzﬁ5)\5\“ﬁc§W AB 5 S o 5iaS
'v\e.-‘; IR (p\éﬁ. Lok c—‘-\a) Js Bl (r)u):.“. Lod C“‘L r.\:_) salz B0 Jols pu}:—:

it op i a Bl Y A/F) BL g 5 (el VVA/AY A3 Slas 53 4y plis) oo i 48 o ol gl sl
4 BL U 55 5 (W) A2 Jleg i 5 4y 55 i slawi o g 0d (PA/A) oo 4 A2 5l o 3 55y 5 a2
A Jeols s 358 508 Gam 5 i Lo &ls (VEF/A) ABBO [les 4 bgy e ia o ails slaw o VG ae (V0/0) ol e
L aSas p S (F/F 5¥/F 5¥/0) ol & i 4 A3BO 5 A2BL ASBO (slasles ohaw 55 &l 055 cn it ¢ gm )
OUSa  p F S (AA) ABO [las 5o wls 5 Shas oty A5 sbay il 5l ime Ozl (ob] Bl 51 Kes
ABL [l mhav 4 by e 5o sl (el 5 Sas 0 5V 5 o5 (YY) ol 4 A2 Sles 5 uilil so)s o VL
S, 55 0 SAS(YY/Y)


mailto:moraditelavat@yahoo.com
mailto:moraditelavat@asnrukh.ac.ir
https://orcid.org/0000-0001-9016-0312

OAY

¥ 5)\.«.’2 AR .,\L?m’)‘j"\J]av.A} &A}Jb u\.hLS/ ULG.J;U aald s

S G 0SS 3 5\ F 5 LAl 55 558 S 5o p SASVO Sl sl (i ol @.u‘\e&f\eid;‘-‘f‘:ﬁ
- IS G U r;}lﬁ V04) el oS ol anay gy oS 5,8 50 5 Al &l s Ses il ),
a0 5 Jyame oyl SBusud s 4 SR Sl s cb .»:L Oy gl D Ao .).i.st L) by puelad s See

g

s s Sas 5 03 g 558 (ot 358 I 558 bl 1S slas 3l

Slyime Sl (Seae 353 Jpame ) o Al &S
23 S by s S, )l oblsS Ll
2 sl il culg 5o &S a8 ol @l LS5 sl
)2l (Omid Beigi, 1996) sl azls gl coas
D SO | W PP IR TS PL S JIEVRCNEIRY
role el Gl s ads b gl sl oS
2 gl 28l o gl cll g s O ae
Kapoor et ) 5,15 631, oS a8 5 W55 Shas il 33l
.(al., 2004

oS 5L sy ol 50 e, Al 5
2 ghiE jate g seaSsgame Sl e s S e
Sl eslizad 5 el 50laS oY pame ady
s WSy o Sles ) el (g5,5LaS 5o (5
ool S el (Karami et al., 2019) s52 0 A5
355 Cilise pshe (YoAYD) o8 5 Ehsanipour
2o s glor plil Gl 5 wils pull so s 455
S sl al s Sae 5wl b so)s b By,
Clcamar o 4l 5 Slas iy Sesba o
355 LS s pgj-\-*s \Fe CL » o s ol
r;fj—\-;f’ CL'M o3 by uslal ao s op i 5 45 58
WA Lol cames o @B o35 8 LSS s
sbul el plast glaasS ol Goae ik Jobs
S5 Say ams o Padig e e OISt
D5l 5 e 5l B b IV s slas S
S 5 She Al e ol S e R ol
.(Gholami et al., 2015) s5 8 . L3,

ol 5 Sidam e LT clea JT lass

doddlo

2 a8 B Jdsa pa)ls LLS Sl eslizal o3 !
A sl g"w\“\@" ) L;»’Ze..bT s olesb @\-w
sl s ol 5 Wi Cusd s cals Jdoa ol ul
Mg ao e 0 dlg e S ol ooy 528 el ilie
ol s edle 5 2l azls o by o i sl oLl
3oy Cé i 5 35l n paob Y pame Ol slo 4
2 len S Jae Julse aal aals o golasl
2ol olls o550 dlse CurS 5 > Sas gl 5 A,
ool oLl Jelse 1 adllas o)l )l
S8 Ao 5 4l Jele o onl oo s cwl )52
Sl ol e

2 &S el Glal aals B oy rege 31 AL,
Ehsanipour et al., ) s)l> o153 5,8 5868 mlio
o ) dlesis 5 ke ile alS all, (20122
Foeniculum vulgare L s b L (Apiaceae) oL x>
o Glale o 5o b K ssam o] @y plis) oS
Kiani et al., ) col &K, e 5 cntie (slail gl (56
sl Sosba ol SNsb as; s wll, (2018
Ll it 55 5 00,8 Jaim | 555 4l Jlo an b 5o o
Al A e Alem (S Gl amy 5, Ve BT il
Fas b wls s, ) aSiessbay ol a8 s 4l
s (Madah, 2000) 128 Jsb 55, V0 b £+ sl
&S ol glas (Chatterjee, 2002) b v, &
5 oAby ekiS e Jalse n tage 5l S S o>
35S o5 alpe ol 4 sl LS 5 Shae
S s 5 e rLev'\ cEs 4 b )l ol .l



RS PIR B WO G ¥ CR L

S w38 5l 56 (Y-\A) Adavi , Valibeigi .s e
4 iy Gl s ool B e las S
Sl w3l o Pl palpl s ke ole
63 S 5,8 (YAYY) o, 5 Bahari Meymandi
e as e 3 e 1205 S0l s 5585 8 S
PPN | AV 5 PR SOk | W PR AN PR
o 5 Sl ol b paolh LS alsl, oSl
5 S s s w3l oliess 5o of cotS ol sase
oo o)l b el calie s 58 5l eolin]
2l @Bly Lo 5 23S P e omw S L
L=l s b Sleal plse 5 O Bils s el

s S

o g,y 9 dlge
acy5e 0 \FYNYeY el e s e ol
R P el s wosles pile &l
LS Sl B s sns 5 2 o S O sen
ol oS s as el LSS an b ol
ol S Ll o 5 05528 55 3l s
S8 pas 5 0lss 255 2 pae) als (Al
05 DS s r;,.k; V0o A2 (St o 5
+ oAl 535 58 LS s o SASNVY/0 A3 el
5 rjfjl."SVO AL Sl G sS S8 s o5 A
CamgS S 5o o5 VP + 2 5 10 LS
+ odl s sSe o r,grl—; YV/0 A5 S
23 G VY AR St CaepaS e 5o oYY
53 ey A (Ll 4) Sas G ppeS LS
polsn s 255 b Lk il Sl 5 o b s S
sl Bl (r)\-éxe Lok c«ﬂ» rv\f—) aals :BO Jols
S Slosas s 8 ) n (oL b Lk c»-k\a)
G ginS 355 Slogar 5\ Jodz 53 Llesl 55
it 255 el 0a 02,5] ¥ Jpan s S gLl
Seobsn obw P L (imgn cpl 5o ealimal 5,4
bl &8 ws ag Lol e sl oS
S SUPS IPREE C1) S FYCS L NP PP

OAY

2y S L;.)‘,JT S S s et Oleo sas
(Kheiry et al.,, 2016) xsi 0 cxse S oo
o e &S el wlacay I ool K St e gneS
Cud by Cusb, Gl e mlpl s Socal
Solis (S 3 sgman I o S g ol NS
AS e 3l S s el pSS oba s Wbl 4l i
Allkhani ) J\-’\A-;‘Sa d‘.o\.&« J.é\.& u.l:: LY )JB \) bL.\.f 9
Gatls 53 plans 35S 3l eolanal (& Savaghebi, 2013
5 0S8 olde Il e S Olulo cwpST L
e\.".f .o\n:-r) u,u."J'B\ e 9 [ w‘,ms DS D50 J.a......é
ool .(Movaghatian et al., 2014a) s,s o &b,

St Sl g T3S 5 it 38 51 il
o) b 5 S ool bis 4 ke W x
238 S (s olon 25 4 e 4S5l
i 3 952 G5 Al 3 Shas 3t o A 50
39 e L5 oS Lull Ll sl cely S can g
oL 5 Kapoor .(Movaghatian et al., 2014b)
S w3 S a8 58 (Yoo A) o, s Mona 5 (Y- ¥)
S50 sl s Sae 2l CangnsS T sbas S
Sheslaal lub ooslas s Lol ()1 51 sl
Sharma, ) ) plaws oS o a4 sy slassS
.(2002
cwlis Jooly olsiea e laasS 5l ealaz
aaly Fie a5, oS G oae alS s Wy
Sharaf- , Mahfouz .(Valibeigi & Adavi, 2018)
Seisdsm oS b ey U (Yo-V) Eldin
sl oS ) [’}#L.ﬂ).}-" 5 olsessm SLssl
ol el o358 lasles cpl Jlasl &S s S ol
sl oblS coss SSosba s &), oS 5 Shas
sLolg ggw’ 5 el Glaoly xS C}L“ L
ot w3 Shas e Wlg giend 5 )
R F O PES VN U P Lej sk
(Y-7+) oL 5 Chen .l ol 3 oS an
Lol as, ce w oy oS 5l eslaia] widiae
slor plul Sas 5y SR Bl case 5 eals B



OAD Fooled PV a ol hre 5 osls ol lides aalidas
A . . ¢ .. . .
.Jﬁb)}jéﬁf\{.})&«\* ‘r)bﬁgfysjcd.\.v 4;\.&: r;;ﬁ:).) o) J})..u KR, .9 (L}AL}A}J}MJ
@‘H.L‘}T a0 SB plend 5 (Kb Oleo pas -\ Joox
Table 1. Physicochemical properties of experimental fiegd soil
i 0,
S(zgifs;tfggéf) K ) P ) N O.C. oH EC ) Sample
) . 0 o . gL
Clay Silt Sand (mg.kg™)  (mg.kg™) (%) (%) (dS.m™) specifications
23 50 27 119 7.2 0.0217 0.51 7.9 5.08 Depth 0-30 cm
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Table 2. Physicochemical characteristics of sugarcane residue compost
K (mg.kg™) P (mg.kg™) N (%) Organic matter (%) pH EC (dS.m™)
2000 72 1 35.80 7.5 35
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Table 3. ANOVA of fertilizer effects on some Foeniculum vulgare traits

S.0.V. d.f. Plant height Number of branches per plant
Block 2 164.57" 4.02"
Combined fertilizer (A) 5 1265.27" 197.357
Main plot error 10 146.66" 23.94™
Biofertilizer (B) 1 716.9™ 84.47™
A*B 5 126.72™ 42.85™
Sub-plot error 12 42.40 57.65
C.V. (%) 26.76 6.32

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 4. Means comparison of some Foeniculum vulgare traits affected by nitrogen and sugarcane compost
fertilizers

Treatment Plant height (cm) Number of branches per plant
Al 87.76" 22.45°
A2 116.022 38.85°%
A3 119.80 29.15°
Ad 114.40% 29.00°
A5 94.70P 26.00™
A6 87.80° 24.76™

In each column, means with common letters are in the same statistical group at 1% probability level (LSD test). Al: control, A2: 150 kg.ha-1 of pure
nitrogen, A3: 112.5 kg.ha of pure nitrogen + 8 t.ha™ of sugarcane compost, Ad: 75 kg.ha™ of pure nitrogen + 16 t.ha™ of sugarcane compost, A5:
37.5 kg.ha* of pure nitrogen + 24 t.ha™ of sugarcane compost, and A6: 32 t.ha™ of pure sugarcane compost.
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Table 5. Means comparison of some Foeniculum vulgare traits affected by biofarm biofertilizer

Treatment Plant height (cm) Number of branches per plant
B1 107.37° 29.90°
BO 98.54° 26.83°

In each column, means with common letters are in the same statistical group at 1% probability level (LSD test). B1: inoculation with biofertilizer and
BO: no biofertilizer.
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Table 6. ANOVA of fertilizer effects on Foeniculum vulgare yield components traits

1000-seed Grain per Umbellet per Seed Biological Harvest

S.0.V. d.f. weight Umbrella Umbrella Umbrella yield yield index
Block 2 0.07™ 445,05™ 0.23™ 4.75" 32604.2"™  191110.00™ = 26.41™
Combined 5 041" 4756.32" 39.06™ 2037" 3445193 24782521  37.31™

fertilizer (A)

Main plot error 10 1.10 161.25™ 1.38™ 3.03™ 29475.60™  134118.28™  72.86™
Biofertilizer (B) 1 156" 88.67™ 2.68™ 9.21™ 77951.46™  557637.33™ 415.62"
A*B 5 0.51" 2288.78" 3.96™ 4.62™ 167295.6"  360091.57"  104.82"™
Sub-plot error 12 0.033 354.114 1.829 4.217 354.114 202546.19 65.099

C.V. (%) 6.18 15.51 9.18 13.74 28.85 25.28 21.89

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 7. Comparison of the average effect of umbrella in the plant, umbrella in the umbrella, biological
performance and harvest index under the combined treatment levels of chemical fertilizer and sugarcane

Treatment Umbrella Umbellet Biological yield (kg.ha®) Harvest index (%)
Al 12.98° 11.15° 1351¢ 31.60°
A2 17.75°% 17.35°% 3021° 30.48°
A3 16.43% 17.36° 2373° 33.71°
A4 14.96" 15.90°% 2316 34,03
A5 13.92° 13.83° 1873° 27.74°
A6 13.60° 12.73° 1397¢ 33.87°

In each column, means with common letters are in the same statistical group at 1% probability level (LSD test). Al: control, A2: 150 kg.ha™ of pure
nitrogen, A3: 112.5 kg.ha™ of pure nitrogen + 8 t.ha™ of sugarcane compost, A4: 75 kg.ha of pure nitrogen + 16 tha® of sugarcane compost,
AS5: 37.5 kg.ha* of pure nitrogen + 24 t.ha™ of sugarcane compost, and A6: 32 t.ha™ of pure sugarcane compost.
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Table 8. Comparison of the average effect of umbrella in the plant, umbrella in the umbrella, biological yield and
harvest index under Biofarm biological fertilizer treatment levels

Treatment Umbrella Umbellet Biological yield (kg.ha) Harvest index (%)
Bl 15.442 14.99% 2180° 35.30°
BO 14.432 13.44% 1931° 28.51°

In each column, means with common letters are in the same statistical group at 1% probability level (LSD test). B1: inoculation with biofertilizer and

BO: no biofertilizer.
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Table 9. Comparison of the average effect of combined fertilizer and biofertilizer levels on seed traits in
umbrella, thousand seed weight and seed yield (physical cutting)

Combined fertilizer 1000-seed weight

Biofertilizer (B) Grain per Umbrella Seed yield (kg.ha®)

(A) (grams)
AL BO 83.75°% 2.94° 403°
B1 111.50 2.57° 496
Ao BO 163.50°% 2.78° 8637
B1 122.90 3.43 938?
A3 BO 166.80°% 3.42° 879°
B1 106.00° 2.47° 9117
A BO 158.75° 3.27% 998?
B1 157.50 2.61° 820°
AS BO 88.33" 3.55° 643°
B1 116.50° 2.68° 705°
A6 BO 76.00% 2.99 483°
B1 103.90 2.78° 621°

In each column, means with common letters are in the same statistical group at 1% probability level (LSD test). Al: control, A2: 150 kg.ha™ of pure
nitrogen, A3: 112.5 kg.ha™ of pure nitrogen + 8 t.ha™ of sugarcane compost, Ad: 75 kg.ha™ of pure nitrogen + 16 t.ha™ of sugarcane compost, A5:
37.5 kg.ha™ of pure nitrogen + 24 t.ha™ of sugarcane compost, and A6: 32 t.ha™ of pure sugarcane compost. B1: inoculation with biofertilizer, BO: no
inoculation with biofertilizer
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Table 10. Variance analysis of the effect levels of combined fertilizer and biological fertilizer on the

S.0.V. d.f. Essential oil % Essential oil yield

Block 2 0.132"™ 0.547™

Combined fertilizer (A) 5 0.3717 17.942™
Main plot error 10 0.038™ 2.390™

Biofertilizer (B) 0.538™ 25.406"™

A*B 0.065™ 48.440™
Sub-plot error 12 0.0353 9.106
C.V. (%) 26.76 6.32

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 11. Comparison of the average percentage of essential oil under the influence of the combined system levels of
chemical fertilizer and sugarcane residue compost and biofarm biofertilizer

Treatment Essential oil %

Al 1.55¢
A2 2.26°
A3 1.87°
Ad 1.94%
A5 2.14%®
A6 1.83°
B1 2.1

BO 1.81°

In each column, means with common letters are in the same statistical group at 1% probability level (LSD test). Al: control, A2: 150 kg.ha™ of pure
nitrogen, A3: 112.5 kg.ha™ of pure nitrogen + 8 t.ha™ of sugarcane compost, A4: 75 kg.ha of pure nitrogen + 16 tha® of sugarcane compost,
A5: 37.5 kg.ha™ of pure nitrogen + 24 t.ha™ of sugarcane compost, and A6: 32 t.ha™ of pure sugarcane compost.
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Table 12. Comparison of the average effect of combined fertilizer and biofertilizer levels on the yield of fennel
essential oil (physical cutting)

Combined fertilizer (A) Biofertilizer (B) Essential oil yield(kg.ha™)

BO 7.51°
Al

B1 9.71%

BO 18.72°
A2

B1 2213

BO 14.25%
A3

Bl 19.47°

BO 19.29%
Ad

Bl 16.04°

BO 12.77°
A5

B1 16.26%

BO 6.57°
A6

Bl 10.11°

In each column, means with common letters are in the same statistical group at 1% probability level (LSD test). Al: control, A2: 150 kg.ha™ of pure
nitrogen, A3: 112.5 kg.ha™ of pure nitrogen + 8 t.ha™ of sugarcane compost, A4: 75 kg.ha™ of pure nitrogen + 16 tha® of sugarcane compost,
A5: 37.5 kg.ha™ of pure nitrogen + 24 t.ha™ of sugarcane compost, and A6: 32 t.ha® of pure sugarcane compost. B1: inoculation with biofertilizer,
BO: no inoculation with biofertilizer.
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Table 13. Simple correlation coefficients between performance, performance components and morphological and
physiological traits

Traits 1 2 3 4 5 6 7 8
Umbrella (1) 1 0.504" -0.037 0.606™ 0.616™ 0.099" 0.25™ 0.558™
Grain per Umbrella (2) 1 0.032™ 0.713" 0.651™" 0.315™ 0.164™ 0.565™
1000-seed weight (3) 1 0.168™ 0.172™ 0.425" -0.018™ 0.097™
Seed yield (4) 1 0.734™ 0.137™ 0.422™ 0.739™
Biological yield (5) 1 -0.194™ 0.483" 0.739™
Harvest index (6) 1 -0.291"™ -0.058 ™
Essential oil % (7) 1 0.747™

Essential oil yield (8) 1

*and ** are significant at 5% and 1% level, respectively, and ns are not significant
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