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Effect of mycorrhiza, vermicompost and phosphate biofertilizer application on
flowering, biological yield and root colonization in fennel
(Foeniculum vulgare Mill.)
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Table 1. Some physical and chemical soil propeitiexperimental site
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* Available form of nutrients was measured
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Table 3. Summary of combined analysis of variarfaeffect of biofertilizers on some characterisiicgennel
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S OV ik b df T e Umbrella no./plant  Biological Yield Root colonization percent
Year (Y) Ju 1 9671.905° " 163389436.2 " 232,731
Replication (Y) Ju LS 4 1.158 81964.3 10.140
Mycorrhizal Inoculation (M) 205 el 1 " 1198.667 ™ 20428827.4 ™ 18084.426
M x Y e gl 5en el 1 " 114577 ™ 2175806.8 ™ 105.495
Phosphate Biofertilizer (P) 3 Dl 355 2 " 28.534 " 714533.0 " 247.980
PxY Jax 5 i > 5 2 8.479° 205309.6° 4.154°
M x P s Dl 355 ) Son il 2 2.277° 7585.35 " 43518
MxPxY X o Dl 257 ) S0 el 2 1.239° 17362.6° 0.234°
Vermicompost (V) S 09 2 " 538,717 " 82267566.9 "~ 713.565
VXY Il S s 2 " 537.723 ™ 14590730.3 5.953°
M x V oS 023 % (220 55 gl 2 5.639° " 4842815 18.142°
M x V x Y Ul X S oy X 35 il 2 0.796° " 360237.1 0.279°
PxV o gpaS o33 X g A 35 4 2.419° 43320.3° " 48.852
PxVxY e X 308 oy X 3 Dli 35 4 0.744° 33565.1° 0.394°
MxP xV s oy ¥ 3 i 355 % 15 Ken 4 0.350° 16111.0° ™ 29.008
MxPxVxY e X a3 g A 3875 35S0 el 4 0.429° 26424.4° 0.671°
Error st 68 6.093 67206.4 6.109

Aoy g0 lecp,:,lsgm%,:q:*" 5 F
* and **: Significant at 5 and 1% levels of probliyj respectively.

Dlsgme 21 NS
ns: Non-significant.
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Table 4. Means for umbrella no./plant in differaels of biofertilizers in 2005 and 2006 cropps&asons

$ g 5> yor Slday
umbrella no./plant

o
s Mean
Treatmer 200¢ 200¢
2152555 s
Mycofrhizal Ir%(zzbulatio
M1= nor-inoculatet 26.4:b 43.3(b 34.cb
M2= inoculate 31.0%a 52.0za 41.ta
(LSe35 0 58 (s Dlind 558
Phosphate Biofertilizer (kg/h
P1=( 28.3la  46.141 37.2b
P2=3( 28.7:a  48.0:ak  38.Zak
P3=6( 29.1ta 48.81a 39.Ca
()\:gn)_sj)&mxasswy
Vermicompost (ton/hi
V1=C 20.4fc 32.1¢c 26.5c
V2=5 28.5¢b 46.4¢b 37.kb
V3= 1C 37.21a 64.31a 50.7a

LI Hls sae iglis V0 JLJ:—'ch.«_}.logﬁ\)&\ubu\.‘a;Q}A}wa'ﬁt“b@&’_{ﬁm;’}f&J.é'u\a- 6|)\>6‘anf&\ﬁjo};~szg&bﬁp
Means, in each column for each factor, followedabyeast one letter in common are not significadifferent at the 5%

probability level, using Duncas Multiple Range Test.

L3 Oliw (S p ) G S SIS e wiloly 4 g 4o -0 Uy

Table 5. Summary of combined analysis of variameceiofertilizers effect on some characteristicéennel

MS Sla o S

a3 Al (e o o3

85T Gy 5 p sl 5 3 Shas Root colonization
S.0. V. S ek molis df umbrel la no./plant  Biological Yield (%)
Year (Y) Ju 1 "17161.067  176362556.3 " 223.832
Replication (Y) Ju S 3.126 77511.9 8.183
Treatment (T) s 18 ™ 403.575 "~ 10528845.1 " 1380.815
TxY Jux s 18 " 86.485 " 1841925.8 7.786°
Error s 72 20.304 63755.7 5.972

Aoy3) 50 ezl g la 3 s gme o 5 4T 5

*and ** Significant at 5 and 1% levels of prob#ityi respectively.

ns: Non-significant.

OLslas,llr 5 Lsy 8 o5 (80 5 L 55 53)

O 5 1, 5 (Gupta and Janardhanan, 1991

o=l Ao §e s sed Cade (o, (Ratti et al., 200D
35 e 215088 (st 45 Sl s
A S e s OLALE 3 &S5 g 5 Shae
e Oloe 8 35 0T Sl baslas o S0bs 4lie
G (e OO i i 55 S Caibes

"

Dlsgme 21 NS

Al s gl il a5 (Kapooret al., 2004
5 (Guptaet al., 2002 ol LSes 5 Ly S (la ably
oS aty) b 155580 B e jon 58 asuia
(s obie s O Cda Jhalil 6o b Sl plass
g e el al g el i g8 R o s
@b ks 8 65 s 5 Slae 350 5 2 03,573
(Kapoor et al., 2002 o)L 5 5 5LS Slidss
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Table 6. Means of umbrella no./plant as affectgdimfertilizers in 2005 and 2006 cropping seasons

Gy 3> g dlday

Umbrella no./plant

sles oSl ald 4 Lo ol Ao
Treatment 2005 2006 Mean % Change to control
M1P1V1 17.5j 26.3h 21.9f -47.7
M1P1V2 26.2gh 41.4ef  33.8d -19.3
M1P1V3 34.0bcd 56.6bc 45.2b +7.8
M1P2V1 18.7j 28.3h 23.5f -43.9
M1P2V2 26.2gh 42.7e 34.4d -17.9
M1P2V3 35.2b 60.6b 47.9b +14.3
M1P3V1 18.3j 29.3h 23.8f -43.2
M1P3V2 27.11fg 43.7e 35.4d -15.5
M1P3V3 34.7bc  61.1b 47.9b +14.3
M2P1V1 21.9i 35.2g 28.6e -31.7
M2P1V2 30.7de 49.7d 40.4c -35
M2P1V3 39.2a 67.9a 53.5a +27.6
M2P2V1 22.7i 36.5fg  29.6e -29.3
M2P2V2 29.8ef 50.4d 40.1c -4.2
M2P2V3 399a 69.6a 54.7a +30.5
M2P3V1 23.6 hi 37.4fg  30.5e -27.2
M2P3V2 31.0de 51.0d 41.0c 21
M2P3V3 40.2a 70.3a 55.2a +31.7
Control (NPK: 90, 60 and 90 Kg/ha) 31.6cde 52.2cd 41.9c

LI Hls sae Siglis V0 JLJ.:-lcl:.«);agj\:&\ul:xa;J}a}walﬁngQ@S};« Qf-aﬁ_‘}élb &5|)\>4§‘an,&&\$}()}:‘~})>‘$ng§3@
Means, in each column for each factor, followedabyeast one letter in common are not significadifferent at the 5%

probability level, using Duncas Multiple Range Test.

s a2 o2 5 (Omar, 1998
sla S s Sl ewyéucglf,\jgf
R 2SS s 8 by s els plal U
A e Dl K b ol on a5 1 So
s S (61 O lin ol 5 5 i
L 5ol S ) S5 5, Shee 5 0t 55 ge
OS5 YLLLT 3 dios i ST Cudw
1> (a3 4 e =5 (Annamalai et al., 2004
J sl S O e 5150 55 >, Ses
35 O p 03l gl 3l og)ls ol 6 53 Sl oS
St sy el e Lo 4w lae
&3, (Cabello et al, 2006),LSea 5 bl S
(Defreitas et al., 1997,1,Les 5 pulo 35 5 —

av

Tl 93 S5 g 5, e 48T 5 4 3,1 32
33 £/Y s5d> 55 ((HLSa s D?,l:fiﬂov) £33
13,8 GLSa s 0 8 4L EVOV) Uyl e 31 ity
b U 5 a3 Sliad 3587 Cl oS (VU sukr)
S o e 3B Ol e (A8l jand i
S @l L b s ol S5 g > Sas
LS 55, ~ (Ratti et al., 200L0,LSan 5 1,
oS il HLghl LgT o)l Calas god Cale o505
S e b e 350 ) e 56 0N
Jlazt sl amsls olS ol &SCas 035 I3 (59,
3 Slid oS o (sla (o SL oS 3yl 5y 5 0T
ol 03 ALS s, la Opesn S csle 3 b
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Table 4. Means for biological yield in differenvtds of biofertilizers and their intractions in 208nd 2006

cropping seasons.

OSa s 0 8 ) &5 4 3 Shae

Biological Yield (Kg/ha)
e oS
Treatment 2005 2006 Mean

15055 il
Mycorrhizal Inoculation
M1= non-inoculated 3392b 5568b  4480b
M2= inoculated 3978a 6722a  5350a
QLSe35 0 5 oS (i Dl 558
Phosphatic Biofertilizer (Kg/ha)
P1=0 kg/ha 3610b 5906b 4757b
P2= 30 kg/ha 3712a 6203a  4957a
P3= 60 kg/ha 3734a 6326a  5029a
OB 53 ) CawgeaS ass

Vermicompost (ton/ha)
V1= 0 ton/ha 2794c 3928c 3361c
V2= 5 ton/ha 3718b 6289b  5003b
V3= 10 ton/ha 4544a 8218a  6380a

a8 (05 % (2152355 il

M xV

M1v1i 2435f 3334f 2884f
M1v2 3470d 5929d  4699d
M1V3 4271b 7441b 5856b
M2v1 3153e 4522e  3837e
M2Vv2 3965¢ 6650c  5307c
M2V3 4816a 8994a  6904a

)lawmoyw'zoJL‘,}!cla_.u,:O.(;u‘;l4_;,\:,L;?o},ﬂwuﬂ‘upwsﬁugf&Jén,\,&bu.swu,a@iNPJMNJ_uJ_i;\:,

NESRY

Means, in each column for each factor, followedabyeast one letter in common are not significadtfferent at the 5%

probability level, using Duncés Multiple Range Test.

S 5 L1l gl pn ol iy Sl 31 Sl g
2l 5 5 oS ole a5 OT Ll 5 w5 0
Sleslewl L aS™ iags jsdaly s 53 .Cnlos S
=29013 LS (G55 i g8 ey ks 3Lia
NIB|ENE SVNP ISR I SCTP PRIV, | I
2205 = 3 s &S L3l OLiS (Anwar et al., 2009
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Table 6. Means of biological yield as affecteddigfertilizers in 2005 and 2006 cropping seasons

OLSa 53 p S8 oS5 05 5 Shos
Biological Yield (Kg/ha)
o oSls Al &y Cd i >
Treatment 2005 2006 Mean %Change to control
M1P1V1 2414i 3204 2808i -48.9
M1P1V2 34769 5628h 45529 -17.1
M1P1V3 4177cde  7123cd  5649de +2.8
M1P2V1 2404i 3380j 2892i -47.4
M1P2V2 35159 5986gh 47509 -13.5
M1P2V3 4272cd  7489bc  5880cd +7.0
M1P3V1 2486i 3420j 2952i -46.3
M1P3V2 34209 6173fgh 47969 -12.7
M1P3V3 4366¢ 7712b 6039c +9.9
M2P1V1 3011h 4345i 3678h -33.0
M2P1V2 3858 f 6397efg  5127f -6.7
M2P1V3 4724b 8738a 6731b +22.5
M2P2V1 33429 4584i 3963h -27.9
M2P2V2 4046def  6699def  5372ef 2.2
M2P2V3 4691b 9083a 6886ab +25.3
M2P3V1 3106h 4638i 3872h -29.5
M2P3V2 3991 ef 6854de 5422¢f -1.3
M2P3V3 5033a 9161a 7097a +29.2
Control (NPK: 90, 60 and 90 Kg/ha) 4002ef  6986cde  5494e -

LI Hls sae Siglis V0 JLJ.:-lcl:.«);agj\:&\ul:xa;;)}A)'walﬁg.t.ilg@gfj:;« Qf-aﬁ_‘}élb &5|)\>4§‘an,&&\$}()}:‘~})>‘$ng§3@
Means, in each column for each factor, followedabyeast one letter in common are not significadifferent at the 5%

probability level, using Duncas Multiple Range Test.
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Table 7. Means for root colonization percent idatiént levels of biofertilizers in 2005 and 2006pping

seasons.
Ao (S jop Ao s
Root colonization (%)
o oS
Treatment 2005 2006 Mean
@IS il
Mycorrhizal Inoculation
M1= non-inoculated 26.77b  27.73b 27.25b
M2= inoculated 50.68a 55.59a 53.13a
O 3 ¢ S AS) (5 Sl 58
Phosphatic Biofertilizer (Kg/ha)
P1=0 kg/ha 36.97b  39.14c 38.06c
P2= 30 kg/ha 37.81b  40.99b 39.40b
P3= 60 kg/ha 41.40a 44.85a 43.12a
()lzgh):j)sia-«};«f@jj
Vermicompost (ton/ha)
V1= 0 ton/ha 34.08b  63.13c 35.10c
V2= 5 ton/ha 41.54a 45.20a 43.37a
V3= 10 ton/ha 40.56a 43.65b 42.11b
St Dl 357X gy S el
M x P
M1P1 24.28d 24.48d 24.38e
M1P2 27.04c  28.41c 27.72d
M1P3 29.00c  30.31c 29.65¢c
M2P1 49.67b  53.80b 51.73b
M2P2 48.57b  53.58b 51.08b
M2P3 53.79a 59.3%a 56.59a
X g Dind 3 57% g1 So il
S gaS” (225
MxPxV
M1P1V1 17.77f 17.13]j 17.45]j
M1P1V2 27.47e 28.43gh  27.95h
M1P1V3 27.61e 27.87h 27.74h
M1P2V1 22.16f  22.49i 22.32i
M1P2V2 28.47e  30.80gh 29.63gh
M1P2V3 30.50e  31.93gh 31.22¢g
M1P3V1 27.97e  28.27gh 28.12gh
M1P3V2 30.07e  32.43¢g 31.25g
M1P3V3 28.97e  30.23gh 29.60gh
M2P1V1 42.57d  45.27f 43.92f
M2P1V2 53.40b  58.90bc 56.15b
M2P1V3 53.03b 57.23bcd 55.13bc
M2P2V1 46.20cd 50.21e 48.20e
M2P2V2 50.05bc  55.67cd 52.86cd
M2P2V3 49.47bc  54.87d 52.17cd
M2P3V1 47.80c 53.43de 50.62de
M2P3V2 59.77a 64.97a 62.37a
M2P3V3 53.81b  59.77b 56.79b

Il ime ol 0 JL,:>|C@,:;,ﬁ;u&\uu.\;?o,.ﬁwuﬂugs.sjz.;.Jf;s{g_ymé!,mf@uﬁé\ﬁ,of,ﬂﬁ,us_u@ég
Means, in each column for each factor, followedabyeast one letter in common are not significadtfferent at the 5%
probability level, using Duncés Multiple Range T&t.
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Table 8. Means of root colonization percent asaéd by biofertilizers in 2005 and 2006 croppiagsons

Al (e o et )3
Root colonization (%)

g oSilee Al 4 Cd e oy
Treatment 2005 2006 Mean %Change to control
M1P1V1 17.62g 17.13) 17.45j +41.5
M1P1V2 27.47e 28.43gh 27.95h +126.7
M1P1V3 27.61e 28.87h 27.74h +125.0
M1P2V1 22.16f 22.49i 22.32i +81.0
M1P2V2 28.47e 30.80gh  29.63gh +140.3
M1P2V3 30.50e 31.93gh 31.22¢g +153.2
M1P3V1 27.97e 28.27h 28.12h +128.0
M1P3V2 30.07e 32.43g 31.25¢g +153.4
M1P3V3 28.97e 30.23gh 29.60h +140.0
M2P1V1 42.57d 45.27f 43.92f +256.2
M2P1V2 53.40b 58.90bc 56.15b +355.4
M2P1V3 53.03b  57.23bcd 55.13bc +347.1
M2P2V1 46.20cd 50.21e 48.20e +290.9
M2P2V2 50.05 bc 55.67cd  52.86cd +328.7
M2P2V3 49.47 be 54.87d 52.17d +323.1
M2P3V1 47.80c 53.43de  50.62de +310.5
M2P3V2 59.77a 64.97a 62.37a +405.8
M2P3V3 53.81b 59.77b 56.79b +360.6
Control (NPK: 90, 60 and 90 Kg/ha) 12.13h 12.53k 12.33k -

LI Hls sae iglis V0 JL\:’-'chﬂ)}ﬁ‘)&‘“'}ut&;O}A}TwLﬂ'ﬁL“Lﬁuﬂ&SJ:.:W;'}f\&iJQ'JO-6')‘)6L&bﬁ6\ﬁ}&};~fjékdu;x§;t:ﬂ
Means, in each column for each factor, followedabyeast one letter in common are not significadifferent at the 5%

probability level, using DuncéasmMultiple Range Tst.
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Effect of mycorrhiza, vermicompost and phosphate biofertilizer application on
flowering, biological yield and root colonization in fennel
(Foeniculum wulgare Mill.)

Darzi, M.T.!, A. Ghalavand” and F. Rejali’

ABSTRACT

Darzi, M.T., A. Ghalavand and F. Rejali. 2008. Effect of mycorrhiza, vermicompost and phosphatefebtilizer
application on flowering, biological yield and romlonization in fennelRoeniculum vulgare Mill.). Iranian Journal of

Crop Sciences. 10 (1):88-109.

In order to study the effect of biofertilizers oloviering, biological yield and root colonization fennel
(Foeniculum vulgare Mill.), an experiment was conducted in 2005 an@&@rowing seasons. The factors were
mycorrhizal inoculation (inoculated and non-inotetd, phosphate biofertilizer (0, 30 , 60 Kg/ha)dan
vermicompost (0 , 5, 10 Ton/ha). The treatmentsevegranged as factorial in a randomized compléiekb
design with eighteen treatments and three repticati These treatments together with a chemicailifert
control treatment (NPK: 90, 60 and 90 Kg/ha) wds® &valuated using a randomized complete blockgyde
with nineteen treatments and three replicationsuRe showed that the highest umbrella no./plaiipgical
yield and root colonization percent were obtaineith wnycorrhiza treatment. Phosphate biofertilizésoa
showed significant effect on these traits. The mmaxn umbrella no./plant and root colonization petosare
related to the plots with application of 60 Kg/hlaphosphate biofertilizer. The highest biologicélgt were
obtained with application of 30 Kg/ha phosphatefdstilizer. The maximum umbrella no./plant and bgital
yield were obtained from vermicompost (10 ton/hE)e highest root colonization percent were als@iokt
with application of five ton/ha vermicompost. Thevere positive and synergistic interactions betwisstors.
For example, intractions between mycorrhizal inatah x vermicompost on biological yield. Differessc
between control and biofertilizer treatments weignificant, as umbrella no./plant and biologicaklgi in
treatment of inoculation with mycorrhiza, applicati of 60 kg/ha phosphate biofertilizer and 10 tan/h
vermicompost were higher than control. Root colation percent in treatment of inoculation with mybira,

application of 60 Kg/ha phosphate biofertilizer divé ton/ha vermicompost was also greater thartrobn

Key words: Fennel, Mycorrhiza, Phosphate biofertilizer, Varampost, Flowering, Biological yield, Root

colonization.
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