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Introduction

Given the diversity of climate and vegetation in Iran, it has provided a great potential for entering the market
of medicinal plants and herbal medicines (AmirTeimori et al., 2011). Fennel (Foeniculum vulgare Mill.) is one of
the oldest medicinal and spice plants in Iran and worldwide, and is widely used in the food, pharmaceutical,
cosmetic, and health industries today (Omid Beigi, 2013). Managing fertilizer use, including chemical fertilizers,
affects the performance of medicinal plants. Proper nutrition and absorption of essential elements, and improving
their concentration in the seed, play a significant role in increasing the quantitative and qualitative performance of
the medicinal plant fennel (Kapoor et al., 2004). The present study was designed and implemented with the aim
of evaluating the effect of different chemical, organic, and biological nutritional systems on the yield and nutrient
absorption of fennel.

Materials and Methods

The experiment was conducted in a split-plot randomized complete block design with three replications during
the 2023-2024 crop year at the research farm of Khuzestan University of Agricultural Sciences and Natural
Resources, Khuzestan, Iran. In the main plots, the levels of Urea nitrogen fertilizer and sugarcane residue compost
were: A;: control, Az: 150 kg.ha nitrogen; As: 112.5 kg.ha nitrogen + 8 t.ha'! sugarcane compost, A4: 75 kg.ha
! nitrogen + 16 t.ha sugarcane compost, As: 37.5 kg.ha? nitrogen + 24 t.ha™* sugarcane compost, and As: 32
tons/ha sugarcane compost. In the subplots, the seed inoculation treatment with Biofarm biofertilizer was
investigated, with By as the control and B; as the treatment. The studied traits included grain yield, biological yield,
essential oil percentage and yield, nitrogen percentage and absorption, nitrogen efficiency indices, phosphorus,
potassium, iron, and zinc percentage.
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Results and Discussion

The highest seed yield was obtained in the As;Bo and A2B; treatment levels (998 and 938 kg.ha). The highest
percentage of essential oil was obtained in the A treatment level (2.26%), and the highest yield of fennel essential
oil was obtained in the A;B; treatment level (13.22 kg.ha?). The highest percentage and absorption of nitrogen
were obtained in the A, treatment level (2.35%) and (68.01 kg.ha™), respectively. The highest agronomic
efficiency of nitrogen was obtained in the A4Bo treatment level (6.85 kg.kg?). The highest phosphorus and
potassium content of the whole plant was obtained in the As treatment level (50.8 and 193.75 mg.kg?),
respectively, and the highest iron and zinc concentration of the whole plant was obtained in the As treatment level
(3.01 and 0.56 mg.kg™) of dry matter.

Conclusion

In the present experiment, the highest grain yield was obtained with the application of 75 kg.ha™of nitrogen
and 16 tons.haof sugarcane compost, which showed no significant difference from the application of 150 kg.ha-
Yof nitrogen. Also, the highest biological and essential oil yields were obtained with the application of 150 kg.ha-
Yof nitrogen and biofertilizer. In fact, the application of chemical nitrogen fertilizer in combination with organic
fertilizer (sugarcane compost) and the application of biofertilizer increased grain yield and essential oil, and
increased the absorption of low- and high-consumption elements required by the fennel plant. It also had similar
effects on yield to the application of chemical fertilizers, which can replace combined fertilizers.

Keywords: Biological fertilizer, Medicinal plant, Nitrogen, Sugarcane compost



Sl glod sl b J 29 OBLS Al ere 285
o9l g9, -(Lopes-Lutz et al., 2008) 151 oo o3l | calisco

Lo b obagyls jl ool | & 4yt slayeul S oga 54y dLid

Sa9lis (owlls oo 4 il

Homepage: http://agry.um.ac.ir
pag p:/fagry R

VASIFA o 1800 Llg o) oyled A Al

uJa- Lﬁbls‘; u.a'l.w‘ ¢~,a,§ c:ﬂa&ﬁ “;:wd*) :}53 &W—J‘ 45L“’_95 M;‘
(Foeniculum vulgare Mill.) €G3, 55 ,ebe & 5
“_;v.bls L;«‘« K) \Lfk;':'ﬂ ‘;LP g‘u‘.’)bl-yu Jlelas Ao ‘*\C)_}y\: ‘53‘}6 Lbj.lw ‘\.>|}; Ls.:l.k.ﬁ oLk

VECF/N /08 185 b

daS

4)[.})') ol.\fja.m 94 ‘_s.»lJ_C)Ao Le u.\> 9.))§.L¢& » LS*“MJ) 9 ‘_J'l ‘dw dldu.k.uulm L.SLQW‘“‘*“" )-AJ“J L&"L))l L_‘BJ.QL).o IS w&vs).:
POIFYAFY elys o )0 )15 aw o olas JolS slacSsh )b LB jd sadd 3 clacs S s )e0 4 (Foeniculum vulgare Mill.)
S SUEy o a8 5 55 355 3 g o | GBS 53 5 Ll i 5 e e 5 (559 pole oSty o e 50
VO A (S CnggaS Km0 5 A+ eyt JUSa )3 oS okS VY/B Ag ((o5)) orisiss JiSa )3 p Sk 10+ A canls Ar Jols
u;\"\‘ Aﬁs)s.m.u WM)L.{J:’ ).DQ;Y\G+ u)s)’w)hs.b P 'n)§9L§YV/a .A5 &)S.A-M.AJ wy.of)w).) Q’ o+ u)B)M;)LSJb BEl ra)f?l.f
adlllas 350 Slino b (w yp slews B1 g aals Bo Jolds pligy s 255 b yd il jlad 55 0,8 o )S o S Caw g8 LS o
<99 L)‘hl ‘MLA 6).6mé Loy ‘0)9)»..0 ‘jl)lf d‘.mu»lw ‘L))9)*"J uJ.> 9o )yd ‘L)MJL»Jl .))S.Lo& 9 Ao yd :&)9]90 .))S.Lo& &l J)ﬂc& JuoLw
o o 3 Guilul Mo pd (i b Jols (LS j3 5 elS AYA 5 QA jladeas) AoBi1g AuBo jles pdaw 3 wily 3 Sles oy 5 i g
2233 (n Fube S (U 53 p)S kS WY (lieas) AoBi jloss daw &) bgiye 55 bl (uslal 3,8 o st 5 (302 YIS ol jeci)A2
o g & baye 9y (25 (2L o 5Vl g (LS 1 o SolS FAL-Y g o 3 YYD (i) Aol a1 (g% oo
VAYIVO 9 0+ /A Jladody o i) As Jlosd a3 W92 JS o Uy 9 w3 G e (3 500 392 (P35 9kS 2 p35 98 PIAD (ljee) AuBo
g Sis 03lo (p55kS g2 35 Sl 105 9 ¥4\ oty o i) A e s )3 g2 IS 59 9 oml Sl (it g (£S5 2 p Sk
i BT &S 1 ol (S Caw gga S 53 5 V5 5 0yl S 3 pySokS VO 3,18 b ails 3,Skas 15kt il talesl 1o
305 5 S 53 (9,55 05 0 G b il 5 Solan 3,Shae (05 s (it <aB I (s S 3 Sl 10 3,5
b 2)Shoe (Il o (a5 395 3 )18 5 g S CunngraS (1295 b Bl 13 059550 (aloend 295 Jlasl (gBly )3 ol Cawd 4y (g 38
SogS 3 )8 & s 5 Slas (i3l 5 (aeliie Sl pizman al diljly olS 5l 3)50 Bpuanyy 5 BraseS polis Glo (hli#l g Guilsl 5
5 uiSele losd s13sS L1y LAl sssS lgion a5 45 Cadls alyess

03950 «29)1> 0bS «S5glgn 298" Sk CuwgueS 1 glS” (S B]1g

1 Glopsg oBols eSh w538 3l sel LS e sl

Bpae i5y5l8 (29> QLS M5 (38l5g) s Gage (b

LV RS

Sl g g9 bl s jl bapllas cpl g 3l oll (s slopllas

Ol biwjss (lwjss (b mlio 5 (55)5laS pole oKl «(6j)sliS oAl (LS S 5 Mg (wine 09,5 =)
(Email: moraditelavat@asnrukh.ac.ir e 0dinnr g — i)

Https://doi.org/10.22067/AGRY.2026.97091.1266


http://agry.um.ac.ir/
mailto:moraditelavat@asnrukh.ac.ir
https://doi.org/10.22067/AGRY.2026.97091.1266

VPl Hlag dojkosds A Al (65yglisS ouwlicts gy ag pis VYV

S8 a8 us (555 Cpiored b bl a3 Slae i3l o
ol 3,8k g 30> B s (179588 355 SV polie
o) il olS (cq, (Tabrizi, 2005) (g3 w5 Lialesl y .0 &b,
Die 9 LSS Lislajl o (Plantago ovata L.)
ol bl 3y olS g9 (Mirshekari & Farahvash, 2009)
5 LS .ol Lnlibl Hals pl ald o Slos 5950 365 2,
355 6V ol 3,8 &8 wizsly s (Kiani et al., 2014) e
5 bl oS bl lise Gl s 595%

098 ) Sud Slals jledliel sl Sal) ke S Se
a3 3Rel 5 Jo s & A3l CegaSn M5
(Ismayana et al., g 0 0oliiw | £)l30 5 ALS )5 oo
ol 5 (Saccharum officinarum L.) S CuwgseS .2013)
5 st Ll g STl oy e & cul oy
{(Alikhani & Savaqgebi, 2014) 54— 0 o (6,05 cub )b
clale Sl Jhlse el )3 ol 186 St Gbley s 9o
5 oMol g SeslS SYaLT byl LlsEl csdingy) polis
(Alburquerque etal., 2007; Herwijnen s> S1B ¢ 55dol>
oo 0l 1S jlaedy LS )3 gdiej, ,olic et al., 2007)
©)ygmo 3 ymolie pl NI o Sl g (oo DIl (g Xig S
My g ohe o le ple Cls saiSdguome e o 2408
5 s¥95% (Malakouti & Tehrani, 1999) uiS Jos sl oo
CwameS &5 10,8 45,158 (Makvandi et al., 2025) l,Se2
Sinlefl oLl i S T osle il cumu S <Ll
CuvgeaS 3,8 (Movaghatian et al., 2014) 1, Sen g lidgo
Gl s (alas 355 Nizo-Przo-Kos olpes &) St 5 bl
G o ySlos lime op e & gysbdy b &bl 4l 5 Slas
A oyl e el Cwd 4, 3 5,5 kS VAY/Y &b,
VYo (385 paSolS VYo Jelb (lios s (slaosS  oslizul &5
OV L Bl 3 U 53 ey p)SkS AP g ja b o SlS
5 039k Mo Gl cum S )3 S Gluls CgieS
b Al ol ws ) (ilibl Cow g Cuw 9208 40 D950 i B
3ySlas iall o T eladss cate b5 o pbol cllllas b
(Shahat cul s, il & &bl Sl 5T el 5 (il
etal., 2011)

SLSB 5 a5e 58 olhead badgS o Ol 4 e b

ox) (Kashfi Bonab, 2010) cus !l oai s gaw ,d o) o)l g
L 93 S Ol colnl (LS by 5 (odlll £95 4 a2 L el
LS gl 5 (2o GlalS @)l il 4 a5 3l
#b L &Ll .(AmirTeimori et al., 2011) cwl 03,5 wal,8
o H.lS oy a8 5l Foeniculum vulgare Mill. _ole
cuﬂ.lc é)L.__.p 2 UT )1 b)’j)n] &S el L)“Ql> 9 u‘)’l d‘dugbl 9
Cuddge p,5 (clomg] b gblie 13 olS pl cutS g ol (lail e
coia b i olS cpl b Sjales gl Bl (clos .ol ol
LYo UJ)AJ|9> Lgl)g usﬂaa u)|)> a5 39 Couss| u"?‘“"‘l‘“’ 45
.(Omid Beigi, 2013) aib oo woembw 4> )3 VF

oyl Lais g o qulio 3850 Co e Jold ol (559l
S Glgieds SOl 65558 (Zorteaa et al., 2018) ¢!
it Slge sl Lo I3 3L oleer s 53 ke ol
Lo (S0l 51 51,5 9 18 el senily (6)lk ygp cplls
do s i G| oland Dlge gy 0 Bpaa ) (B U Cunyj
5 s 3,5 b il as)h b LS K jesST 4 Jis
e g aisl lS plade Glal by sl o i « 559000
(Ratti et al., 2001) .53)5 b o] LS 5 o5 3,Shos dgu0 4
3,8 5 iy 0diS s Jolos oy yipre 51 (S SB ghodiols
L <8l ,> (Chatterjee, 2002) 1] o Clws 4 o9 s ool
lasgS 5l oslawl I b Jaxec ) (slaca—wl 4 vy
baas gly Slg5 o s g ‘_j srogS jloolerwl ¢ plos i
RIVCRR S T LSO | B STE WA
g ymany yuolie coulio Gl g 435 20 3B gyl (LS
5 oS 3,Shos Ll38l 53 ol i s 5 byl clale dguo
—olie (Kapoor et al., 2004) 5,l> 61 jl, o9l oS S
P 29 GlS dlex I Jy—ame CueS 390 p hSH 2lie
pais Add o B 13l cou 1 1) Jaame i 4l i
3 ook s A el G lS CudsS 5 3Ses by 9y
3wl olaas il el 59505 548 (Shafeei et al., 2023)
Casl 330 aib 5,Slos yial38l 13 g ol by odlgls LS &g
hlSen g ola v Lilaejl > (Akbarinia et al., 2004
PSS W b alb 59,00 58 {Shafeei et al., 2023)



A ix

cee0de 2T g ill S 8 Slos (w3 995 g (o2 boonli- JT (SoogS Bili 1.0 g 015 o lac

psl S5 A b (Baloas Lol slacSsl )b B 53 0ads
9 (sl @ste ) 139k 355 3adl gshaw (o | glac S 55 5
550 53 4 S 0 A bl A1 ol St sy oS
O A+ LAl (595U )3 p S okS VWV/B As alls gy
AL (e S 53 )5 ol VO A Sk G 008 IS 5
S )0 £ )5 5lS YV/D :As (S i CwgreS S jd 5 VS +
POV A6 g Kb G g8 IS )3 (Y als (g
@y bb)led gohw a5 (g )p Sds Cuw g8 S
e oy ying alex 5 393 05 plool dilais ;5 45 LS Slallas
Kiani et al., 2015; ) adlaio ;5 595 (oo 355 By as
By ae Cu ple wizned o (Moradi Telavat et al., 2019)
ot 9 B35S ol )3 (lay nD i g b I slaogS
dilaie Cagl g o3 4y duy ()95 Mo ) ¥o BV (gloljl g,
(Siadat & Moradi Telavat, cé,5 &jow Lb ) Jad Jsb j2
355 Sluogad o) sk 55 Ltlojl 350 SB lisguas 2018)
ol 035 L)Y gt 15 1St (cblEs CasgraS
P o () 395 b )d il jless 35 ()8 oS
by i) sless Bi g (pyloge by dls pas) sals Bo Joli
pU L) alejl gl )3 o0litus 1,90 (s 355 5 (o 52 (105
5 25155 ) Gy 0 uiS et Glois ;S Jold ((p s 5yl
348 392 (polipagases ) Sliamn 3 01 Cets 351 5 (polsens 25/
2 30055 Jolo 3l 00,5 4 Lo e w25 (550 &5 5
Sodlaiul slataly 4 x5 b ag 8k due Vo * il ayle p )5
o U8 2 53 g (g j 395 i 93 U SG jlade (Jo—ae
2o by S e sla Sl oS sbajlons )3 oAb ool 1,3 slas
$5SL gl alo b el 5l J3 plej 3 5 )9 g bl 5
g 00 Seid b, byl w9 dos aiel Jloydy (39,4
13,5 plool S alolbdy

d‘.b.)}g )] odldiw! o] ‘_5)9)..9 “EUT (_é).AQA c)’to‘ LY )l.u ‘u_cl))
bl sl > ol plgieds lag B g oo xS alon )
(Vali Beigi w3l 5o 455955 sodgS G pan ialS 1 Wlg o
(Vali Beigi (cgae g Ko Jy oinlejl b . & Adavi, 2017)
9 25bgij] gums; 565 3,8 48 39y )] 5 Sl & Adavi, 2017)
2 Sl Wl e 453555 (alror— 355 olyan & ph i pf
34T et il 4359555 oliowid 3¢5 By ae yialS o
ol ol Vb By amo 5l b ) sla Sog)l g o 5
ODSan 5 Sial 5 lojl )3 29 b 0o (555l 35 lerd
i jon Sy yelaieas (Shabahang et al., 2013)
g &l 3,Sdos 0 ,Shas sl 2 59y 355 o 5 aliyoSe
L ably )b ol a8 a5 ()15 abjly o9y 455 93 sl
@ @R polis ponld g (gliy) plusw dnw 5 Lo 152 )05s
193 655 93y (S g (oS 3Slas Sy el i b o
Ol38l L 5 558 B e Cpioren b ald b duglie ) ailijl,
GialS Jg 1 (oS 3 Sles g s 518 S5 4 e sy 1)
365 8 by (o) (aidg yo bl JUWid 4 ]y (uile] dsys
Ol 5 ol 3,8oe «liag S Gline Gl s (s
. (Mahfouz & Sharaf-Eldin, 2007) s bl Jgs]

5 el (oS Glual elily 5 sl el (S jsboas
5,8das p luiss Gilises clapium s gyl 8l Gaa b (S5
4\;1.1)‘) oS Jawy dﬁmwf 9 d)anf )J.ol...c- ub 9 u.uL.»l 9 4l
sdgS 5l edlaiw | dlaw lgay slowss (W35S Bras Linls 50 o
A lply Al Siidsn 5 I

W gy 9 dlge
SLO S Cipod Gl j b @l 5 (sliS psle ol

so e =Y Gos 3 S aload 9 (S50 Oluogad - Jyoa
Table 1- Physical and chemical properties of the soil at a depth of 0-30 cm

s %) edl . .. o . . R
Er P?J‘Z/( )S-I oy JEe 0595 I osS o Colax digod (oS
extunzgmz)( ity K P N Organic C ;)I:| S S Sl
-1 -1 o ° .
Clay  Silt Sand (mgkg™)  (mg.kg?) (%) (%) EC (dS.m) Depth
23 50 27 119 7.2 0.0217 0.51 7.9 5.08 0-30 cm




VF+0 5l Voylods A alo ((65ygLas (owliols pgs s \YY

25 (Ll CuwrgneS (o2l 9 (S0 508 COlaasuidio -Y Jou
Table 2- Physicochemical characteristics of sugarcane residue compost

oy PLC IS 32 Sesle g ol S ol
K(mgkg?) P (mgkg? N (%) Organic matter (%) pH EC (dS.m™?)
2000 72 1 35.80 7.5 3.5

O g K olen 4y il Szs aily jlp)S 00 e ¢ il
Sody I b b (bg)4y 5 C8)5 )15 gl oS s )3 ¢jlaie
[(Sefidkon, 2001) s plosl (¢35 wilwl sl b celw s
a a3 Slas 3 wilo | jlide s Juo b 5l 55 il 15 Shas
Oh9y 3l B g JS (595 Aoy (6 S0jll g ol o
b gl i day 5 S j0ale wiswl b w20 (Bremner, 1996)
el o pas s 4wl (ol 5 0o saliul JlabeS oS
(Lopez- Bellido & s osla—ul yj (slaalslas 5| 559,55

.Lopez- Bellido, 2001; Fageria, 2009)

(P25 9S 3 £)55S) 3ot Bpao (Sl 5= () oo
Oipd Fems oS s 8lae— e ) B fpn o T 3 las
el Bz ks
55 5 £s55k) 4550 s 321 9 o codom (1) b
Wi e dempn M S2d mala 3 8lae
100
(2o) Oisr sppls bl = (V) aloles

Ofprd Feme gl anle 2 03 ad cle — s

x100
(PSS 2 £ 5hS) Lors Sjdlansd 2l =

Vet B ema b S telen 3 S ar—

(F) doleo

O Bpma fedy Sfsle 3S1ac

et ok

o 9 ool D9y 1 58 e S pind (S 0jlul ca

Oladge 3,5 K5)) (g5t JIS° g, 9 (Olsen & Sommer, 1982)
(Murphy & s ool | yiogidg S | ol&iw 5 dleaw gy (bl
Ky by 38 g JS pawly (650501 Riley, 1962)
433, ol (Rouhanipour, 2010) 5, slos, jige; yiagekd
Gl ol 3l edliinl b 3o aigr oyl g (gqy ymolic (650l

bel Jdos g 4350 (Waling et al., 1989) b5 &yg0 o0l
Sloslawl b da 1 Sle 4 wwlio 5 wibylg 4o ol Laodls

b S (gt Lo Sy Gos 13 ((5)S) e g0y it

03,5 Pl VoY Jlw GUIYY )b )3 po 0 53 4552 WY o515
)Wl (Lebaschy et al., 2010) 34— oo 43,5 s )3 p,olS
Pl?ul dalaio u.}l}ibsc_j Lvl)_w 9 Sk u.:9]o) ‘°l'fs )Lu l.s ‘-A—M)Ljﬁ
5 ol gl sloole 1 5o sla Sk g8y 5 Lialesl sl
CE)S Byge Shir ol faibie o olS 3 ) Jad) Jlae Lyl
dg00 5 | ) e Jiad 53 (oSS 6yl 4 pe S i
sladile fpng s 03 )8 4 (e Somis jl ol e Lo Ve
Sy A yo 53 03,5 bl (uod ©jgody dls e (paiz 53 e
5 sawd Cygiody Cobld p VY 0l 5 V0 Fu,l 50 Sjglg 58
=R ES oy g Jsb b plml e aw b b piS
PSS 5l gyt Bl ¥ alol b cuiS caydy b Jolds g ye du
Fo i) ($9) Bgr 93 Ao B ad o3y )5 Jaise yi G Jsboas
alols G iolol anly pa o as 48,5 L > e 5l Ve
CuiS Cydy b g (ssie VD dlold S'ely ja o 5 (550 SO

) b)g W)

2 Slae L)l car pleg g pow s,
5 4oy bl 3)Sles 5 403 (gl 3 Slas il 5 Shos
oo 1y i 3 2o )3 39y 2L slapadls (5t e
)5 el ) 5 ool

z wbjly oS g olie Cla Slio (5 pSojluil cox
5 Bl p)laz g po—w i)l (Blai ©jgony &
5 diges bl 51 e 4l oM 1 plos] oS i (sl s ol
o ez g po—w bskd) (aled 3 8es & byye slacisd,
oyl S5 (g (b 5 YU 51 b I8 bglas 4 b o o
355 O Sdom 3 )Sdas lgie cod

gl b Kid gy yb 40 9390 (sladild 13,8 s 5l
als 5, Shas) (oolasdl 5, Slae pound cagn bl 59 ol lgn 5
oS o pofiateds A (g pSejll (i 13 p 5ok s



VYO ode (T g (bl i 0 5o 0 (Jum § 995 3 (o3 Lot T G3sS il ST (], K0 g 915 (2llae

p5Y b ialejl )3 alard g N sloosS 3l 5 amd oo
HB g 598 b 5 oo 395 &) Jguasns 3,Shos 5IS51 45 canl
(Ayneband et al., 2020) 5,5 ) ,3 d>55 3,50 355 £55 oyl d> g5

Vo el ssi 355 JiSa 55 p Sk VD il 2,05
V- 3,8 (geldio 3Slas S G g JI 058 1Sy 5
OBl 5 s gl P 4 Al (gt 95 S )3 p)S5LS
IS 390 b CamgraS 38 Yl gily 53 acaily bl ails 5, Skes
5035 pald |y (50, il (glodigy olS i g S lyls
@YU 3o (all (g5 (g yieS e b oS Cunlodd carge
(Movaghatian et al., l,Ke2 5 lsBge gl De— J—ol>
olyor & Sl (bley CuwgroS (sladgS 5,8 &S 0y 4Lis 2014)
b abjl b o,Sles (isl38l o  olouwss 355 Ni120-P120-Kos
2 eSS VY &bl 6l 5,8 (e oy &S g psboy
s 3Slae 55 iy g s 295 3,8 b i 3l g L5 S
e 5 g8 Slo il lly cd b Ll s L,
CusgeaS 5 059 265 axali (8 ae (Makvandi et al., 2024)
gt el oS b ) S e (glag Sl g S5 s 908 GG
s (Triticum aestivum L.) paS aiby 5,Slos § a8 ©lo o
{(Shamisi et al., 2022) l,Ken g e Lislojl gl Gl
St o sl 555 5 Loy3s 5 6 ) SoosS
(Chenopodium quinoa ls:,S" asly yjs Lol g 5 Sles
Sl CwggeS HlSa 50 o Ve 5l eoleiwl 0 9 was Willd.)
L0, caby jasls ()8l coge

CemgraS 355 9 oy 55 Sl 51 10 Ge gt 5 Slos
2 e do p3 Sy Jleisl waw )3 Sl 3 Sas Sk
P SIS N 3l b S geden 3 Ses cniie (7 Jsi>)
@ LS 3 eSS VYN Gliedr (A2 (alS oigp kS
£S5 oS VYD i As 5 Az sl jloss zobaw 5,8 b el o
VB 5 St CangsaS S 13 5 A+ alls (555 368 JSa
CogeeS HSB )3 (5 V4 pald gy kS 53 p)SslS
PSS TINS5 YIVY fsiots ity Sl 3,Skac oSt
p 5ol 10+ Jlas 1l o)l @ sl pl il bl et 5 5l o
D955 Sefslgn 2Sdas (9 255 S

OSle duslie .88 Cygo A/ doun s SAS i ww Hl38le
plosl lo > i Jlein! daws ;> DUNCAN (yg05] Lo 5 55 Waodl
VNS

2 i 395l ol it Bl g (s 568 511313 3 Slos
M re o gy 9 S i o > i gy a5 Sles
Vo oyl ol ) s 3 Sdos (liee cn Fote (1 Jgi2)
Sl CageeS S )3 (5 V4 alld (g S )3 p S ok
s B > 0SS N0+ (AdBO) i 355 St
S )3 )5S VIV 5 (A2B1) () 355yl cow alls
355 b Cod S CnggaS S 3 5 A+ Ll (g
S 50 £,55LS VY 5 AVA QAN e (o s (AsB1) Lt
Jleel g ol s &y by jo j5 s 3 Sdos s (530S 292
(F Jsia) 392 5688 53 p S ok Fo¥ Gljedy (w38
w0dmits ey jody p> a8 ol s islel ol 5 Sl ol
CogS J1o985 b 3l ) ()35 b S (g 365 o)l
b dali b dwlie o aib o Slee jb sxe iol38l caw Sk S
VO )8 g 15 5hes (inS 395 3)5 pas &S (gy5bay
P CuwgeaS IS )3 (5 VP palls (k0 U 53 p S okS
Wy el s & cuwd plp VIFY lied 1) als 5, Sloe o 5 i
P kB 0o o)l o 68k b adh il jody )08
Oial38l Jla gme yobody dald 4 Cows 1) 3, Sas W guaS b S 5
e palls (595t S )3 2 S ol VD 38 &S (5 yoboey ol
S 50 p)SelS YD 5,8 5 0,80k ply YIYY ils8l
38des Pt i s G greS S )3 (5 A+ Lals g
o jlos ol 23,8 Aoy dald 4y Cuws ol YIVE olieeds 1y &l
S 395 Cuto Jlb g CawgeoS gy cuwslie golaw Sl oS 5
Ll 3gs0 5 0L (13 (slajls yiae el & poxie o lawsly
il jods aily 5, Slos ¢ sloiS s 258 Jlosl .uw] s A
YL p3lie 5,08 b Lol eoly i3l o el joiy 4 s T 05
9 gl b 3 on (LS )3 (5 YV 9 VF) JSiid CugeoS 355
5 b Vet 5.5 90 ()l nlS il 3,Slae gudls (ig o2
Ol o5 Cl 039y (5985 (alion—d 395 o 5l (o (S ]



VF+0 5l Voylods A alo ((65ygLas (owliols pgs s \Y#

2o gt 355 9 el 395 Gla)losd Zgbauw 3 o iyl 0adis 5 011 lheo (e o Silin) iy 42529 G -V Sy
Table 3- Results of the analysis of variance (mean squares) for the measured traits of fennel under different levels of
integrated fertilizer treatments and biopharm

Ol ptd 2slio w3l anyd 415 5 ySlas S50 gm 3 yShos ol ao ol 5 ySlos
S.0vV d.f Seed yield Biological yield Essential oil % Essential oil yield
o 2 32604.22" 191110.00™ 0.132" 0.542"s
Replication
il 5
Combined 5 34451.93™ 2478252.11* 0.371" 172.942*
fertilizer (Cf)
i 10 29475.60 134118.28 0.0388 2.390
Main error
ek 1 77951.46 55763.33™ 0.5383" 25.406"™
Biofertilizer (B)
i d 5 167295.61* 360091.57" 0.0659™ 48.440"
CfxB
e 12 354.11 202546.19 0.035 9.106
Sub error
Sl 28.85 21.89 9.7 21.31
CV (%)

D eyt g Mo yd S g duod gy Jlein] e ) 5 e Ay NS g s ok
ns,* and **: are non-significant, significant at 5 and 1% probability levels, respectively.
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Table 4- Comparison of the average interaction effect of combined fertilizer and Biopharm biofertilizer levels on grain yield
and essential oil yield

8al5 345 & glanw w3 395 Zglaw &l > Slos awlwl 3,5das
Compound fertilizer levels (A) Biofertilizer levels (B) Seed yield (kg.ha) Essential oil yield (kg.ha')

Au Bo 403g* 7.51fg

Az Bo 863bc 18.72bc
Az Bo 879bc 15.23de
A4 Bo 998a 19.29b
As Bo 643de 12.77e
As Bo 483f 6.579

Au B1 496f 9.71f

Az B1 938ab 22.13a
Az B1 911b 19.47b
A4 B1 820c 16.04cd
As B1 705d 16.26cd
As B1 621e 10.11f
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(st 395 b il pas B0 s 395 | il
* |n each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.

A1 control, Az: 150 kg.ha* of pure nitrogen, As: 112.5 kg.ha'* of pure nitrogen and 8 tons.ha™* of sugarcane compost, A4: 75 kg.ha*
of pure nitrogen and 16 tons.ha* of sugarcane compost, As: 37.5 kg.ha'! of pure nitrogen and 24 tons per hectare of sugarcane
compost, As: 32 tons per hectare of pure sugarcane compost. B1: inoculation with biofertilizer, Bo: no inoculation with biofertilizer
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Table 5- Comparison of the average effect of combined fertilizer and Biopharm biofertilizer levels on biological yield and
essential oil percentage

(3 395 9 (Sl 395 £ gbans S 5hgns 3, Skas bl 203
Compound fertilizer levels (A) and biofertilizer levels (B) Biological yield (kg.ha™) Percentage of essential oil

Au 1351d* 1.55d

Az 3021a 2.26a

As 2373b 1.93bc

A4 2316b 1.94bc

As 1873c 2.14ab

As 1397d 1.83c

B1 2166a 2.06a

Bo 1906b 1.81b

B & Comd oyd gy Jloin] gdaw 40 (650 xe @oglis (Sl (903 Lolusl s ity S jiie By G JBlis (gl 45 SlauSilie ylass 09,5 b )3 g yoiw ya 0 %

Ola5 Sy p)SokS VO AL (St CusguaS S 13 5 A g Lalls 5a 550 Sy p)SolS VYD :AZ (alls )59y S 55 p,SekS 10+ A2 wals Al
B alls St CungeS iS5 o5 ¥V A6 (St CungeeS iSayd o5 VF o Lalls 5y 6,0 p)S shS YV/D AS (St CusgraS iSay0 o5 V5 5 Lalls
(st 395 b dls pas B0 s 395 | el
* |n each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.

Au: control, A2: 150 kg.ha'* of pure nitrogen, As: 112.5 kg.ha™* of pure nitrogen and 8 tons.ha™! of sugarcane compost, As: 75 kg.hat
of pure nitrogen and 16 tons.ha* of sugarcane compost, As: 37.5 kg.ha'! of pure nitrogen and 24 tons per hectare of sugarcane
compost, As: 32 tons per hectare of pure sugarcane compost. B1: inoculation with biofertilizer, Bo: no inoculation with biofertilizer
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Table 6- Results of variance analysis of nitrogen absorption and efficiency traits under the influence of combined fertilizer
and Biopharm biofertilizer treatment levels
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-o- 83150 » Nitrogen absorption per unit onr 09
SOV 4f  Plantnitrogen area Nitrogen crop Physiological
' percentage efficiency efficiency of nitrogen
v
).)g, . 2 0.01353455" 57.20760" 0.40318744" 192.813404™
Replication
il 8
Combined 5 1.92045267" 2616.14805" 6.27378018" 1275.753866™
fertilizer (Cf)
hel sl 10 001106372 28.35443 0.40523781 54.019101
Main error
. M) > 1 0.01076406" 92.82509" 21.33949616™ 2848.250742™
Biofertilizer (B)
@"“”‘”Cffxx 6““8 ¥ 5 0,00603240 28.00334" 4.22473606™ 157.985743"
o sl 12 0.00254497 17.56905 0.038607958 18.953213
Sub-plot error
oot 3.92 14.63 1857 9.71

CV (%)
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ns, * and **: are non-significant, significant at 5 and 1% probability levels, respectively.
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Table 7- Comparison of average percentage and nitrogen absorption of fennel under the influence of combined fertilizer and
Biopharm biofertilizer levels

Thw g 45 dig (g pi e

et 395 9 (il 35 Lol £ 03978 253 Plant nitrogen uptake per unit
Compound fertilizer levels (A) and biofertilizer levels (B) Plant nitrogen percentage arga (ng.Jha‘l) P
AL 0.70d* 9.54d
A2 2.35a 68.01a
Az 1.36b 32.22b
Ay 1.09¢ 24.30c
As 1.13c 23.53c
As 1.04c 14.23d
B 1.30a 30.24a
Bo 1.26a 27.03b
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* |n each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.

Az control, Az: 150 kg.ha of pure nitrogen, As: 112.5 kg.ha* of pure nitrogen and 8 tons.ha™ of sugarcane compost, As: 75 kg.hat
of pure nitrogen and 16 tons.ha* of sugarcane compost, As: 37.5 kg.ha'! of pure nitrogen and 24 tons per hectare of sugarcane
compost, As: 32 tons per hectare of pure sugarcane compost. B1: inoculation with
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Table 8- Comparison of the average interaction effect of combined fertilizer and biofertilizer levels on nitrogen efficiency of
fennel plants

(il 395 7 glanw (st 395 b 0397 =) 28 0395 (N3P 50 26
Compound fertilizer Biofertilizer levels Nitrogen crop efficiency Physiological efficiency of nitrogen
levels (A) (B) (kg.kg?) (kg.kg?)
Az Bo 2.52cd* 31.28c
As Bo 3.51bc 57.38b
As Bo 6.85a 67.79a
As Bo 4.24b 66.43a
Az B1 2114 21.24d
As B1 2.58cd 24.01d
As B1 2.65cd 50.62b
As B1 2.25d 39.86bc
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* In each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.

Az control, Az: 150 kg.ha* of pure nitrogen, As: 112.5 kg.ha'* of pure nitrogen and 8 tons.ha* of sugarcane compost, A4: 75 kg.ha*
of pure nitrogen and 16 tons.ha* of sugarcane compost, As: 37.5 kg.ha'! of pure nitrogen and 24 tons per hectare of sugarcane
compost, As: 32 tons per hectare of pure sugarcane compost. B1: inoculation with
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Table 9- Results of variance analysis of nitrogen absorption and efficiency traits under the influence of combined fertilizer
and Biopharm biofertilizer treatment levels

Ol i 2ol NS JLIW powe 895 o2l
S.0.Vv d.f Phosphorus  Potassium Zinc Iron
S 2 0518™  1377.763"  0.0204™  0.141™
Replication

isils 35 Combined fertilizer (Cf) 5 4825  4180.690™  0.048™  1.337"
el sl 10 0.869 553.488 0.007 0.108
Main error

iz 355 Biofertilizer (B) 1 7.6199" 22.168™  0.00025™ 0.0743™
e 255 il 3 5 0.316™  107.201™  0.005™  0.0307"
CfxB

ot ol 12 0.0458 230.701 0.016 0.176
Sub-plot error

il 18.45 10.20 27.91 17.44
CV (%)
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ns, * and **: are non-significant, significant at 5 and 1% probability levels, respectively.
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Table 10- Comparison of average phosphorus, potassium, zinc, and iron in plants under the influence of combined fertilizer
and Biopharm biofertilizer levels

‘.;:.'MH"} > 9 ol o8 CW . Phogﬁrus Po:;::zm . 69 o
Compound fertilizer levels (A) and biofertilizer levels (B) (mg.kg™) (ma.kg) Zinc (mg.kg®)  lron (mg.kg™?)
AL 25.1c* 113.75¢ 0.52ab 1.57c
Az 42.3ab 141.00bc 0.38c 2.44b
As 35.7bc 140.25bc 0.34c 2.50b
A 34.9bc 146.17b 0.42bc 2.56b
As 50.8a 193.75a 0.52ab 2.33b
As 31.1bc 158.50b 0.56a 3.01a
B1 41.3a 30.24a 0.46a 2.44a
Bo 33.2b 27.03b 0.46a 2.35a
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* In each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.

Az control, Az: 150 kg.ha of pure nitrogen, As: 112.5 kg.ha* of pure nitrogen and 8 tons.ha™! of sugarcane compost, As: 75 kg.hat
of pure nitrogen and 16 tons.ha! of sugarcane compost, As: 37.5 kg.ha™ of pure nitrogen and 24 tons per hectare of sugarcane
compost, As: 32 tons per hectare of pure sugarcane compost. B1: inoculation with
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