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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 properties in experimental site

&1 Al S’ Oisp TS S
Cu Zn Mn Fe Mg Ca K P N 0.C EC oy ]
mg/kg » 5 s 205 e ()] (ds/m) pH Texture
260 068 99 74 - - 726 16 8.19 0.70 0.92 7.3 s S

Loamy-Clay

* Available form of nutrients was measured.
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Table 3. Summary of combined analysis of variance of effect of biofertilizers on some characteristics in fennel
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M x P (ot i 35X a5 S il 2 2277 7585.3™ 43518
MxPxY Il X (s Dlied 2 57X 2150 S0 e 2 1.239™ 17362.6™ 0.234™
Vermicompost (V) g s 2 7538717 ™ 82267566.9 "713.565
VXY T T s 2 "537.723 ™ 14590730.3 5.953"
M xV R Ty W 2 5.639"™ " 484281 5 18.142™
MxVxY X oS oy X 555 ol 2 0.796™ 7 360237.1 0.279™
PxV o 3eaS” 3% (3 i 3, 4 2.419™ 43320.3™ ™ 48.852
PxVxY NTOE DS JPPPL IERRS IO P8 Y4 4 0.744™ 33565.1™ 0.394™
MxPxV oS X s i 35X ol S el 4 0.350™ 16111.0™ 29,008
MxPxVxY X o yS g i i 3,5 X 135 5 e 4 0.429™ 264244 0.671™
Error 68 6.093 67206.4 6.109

oys 3t Jlal g 53
* and **: Significant at 5 and 1% levels of probability, respectively.
Ll
ns: Non-significant.
0

- kg

. ns
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Table 4. Means for umbrella no./plant in different levels of biofertilizers in 2005 and 2006 cropping seasons

oles
Treatment

&g s e sl
umbrella no./plant

Mean
2005 2006

M 1= non-inoculated
M2= inoculated

P1=0
P2=30
P3=60

Vi=0
V2=5
V3=10

2 o sSs eils
Mycorrhizal Inoculation
26.43Db 4330Db 349b
31.03a 52.02a 41.5a

(‘Jl:s-ﬂ))r;‘}‘_j)ﬁj Colid 345
Phosphate Biofertilizer (kg/ha)
2831a 46.14 b 3720b
28.73a  48.03ab  38.4ab
29.15a 488la 39.0a

(e s .j) St S )8
Vermicompost (ton/ha)
2045¢ 32.18¢ 263 ¢
28.54b 46.48b 37.5b
3721a 6431a 50.7a

Il ne gl 1 Szl a5 Sl (s el i g 3T bl kil o 57 e U3 G il (115 oS5 Jale g il 5 D 0 53 0

Means, in each column for each factor, followed by at least one letter in common are not significantly different at the 5%

probability level, using Duncan’s Multiple Range Test.

S ol S8aS JICS o mbyls 4 4o - Jgur
Table 5. Summary of combined analysis of variance for biofertilizers effect on some characteristics in fennel
MS Sl o S0l
a3 Ao ) o )3
ealiT Gy g3 g sl 0S54 a3 Shes Root colonization
S.0. V. Sl i i df umbrel la no./plant  Biological Yield (%)
Year (Y) Jl 1 17161.067 176362556.3 223.832
Replication (Y) Jl ) S 4 3.126 77511.9 8.183
Treatment (T) M 18 ™ 403.575 ™ 10528845.1 ™ 1380.815
TxY Xl 18 " 86.485 ™ 18419258 7.786™
Error 72 20.304 63755.7 5.972

WYY }lJL.;-lCJ.'a.aJ;Jb ok

* and **: Significant at 5 and 1% levels of probability, respectively.

ns: Non-significant.

Ol yLln S, 5 opstsd Gy
O,L%ea 5 51, 5(Gupta and Janardhanan, 1991)
1 <3, (Ratti et al., 2001)
Sy oS o S el s
oS b OLalS e e 3, Nee
Tl OlsaS 30 01 Kby asle,

Sy e oD SOld 54 S Calides

S (Kapoor ez al., 2004

(Gupta et al., 2002) ol LSwer 5 Lo S ¢

ol SblrosSe 78
M pole g ol Qde 155
15 s ol )yl s

SR S s Ses 35

(Kapoor et al., 2002) &l \Sen 5 ,5lS SLa

RS el
S gl
JA o

2035l 9
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Table 6. Means of umbrella no./plant as affected by biofertilizers in 2005 and 2006 cropping seasons

&g 3 e sl
Umbrella no./plant

B A e )3
Treatment 2005 2006 Mean % Change to control
MIPIV1 17.5] 263 h 219f -47.7
MIP1V2 26.2 gh 414ef  33.8d -19.3
MIP1V3 34.0 bed 56.6 bc 452D +7.8
MI1P2V1 18.7] 283h 235f -43.9
MI1P2V2 26.2 gh 42.7¢ 34.4d -17.9
MIP2V3 3520 60.6b 479b +14.3
MIP3V1 18.3] 293h 238f -43.2
MIP3V2 27.1 fg 437 35.4d -15.5
MIP3V3 34.7 be 61.1b 479b +14.3
M2P1V1 21.91 352¢g 28.6¢ -31.7
M2P1V2 30.7 de 49.7d 404 ¢ -3.5
M2P1V3 392a 679a 535a +27.6
M2P2V1 22.71 36.5fg  29.6e -29.3
M2P2V2 29.8 ef 50.4d 40.1¢ -4.2
M2P2V3 399a 69.6a 54.7a +30.5
M2P3V1 23.6 hi 374fg  305e -27.2
M2P3V2 31.0de 51.0d 41.0c -2.1
M2P3V3 402a 703 a 552a +31.7

Control (NPK: 90, 60 and 90 Kg/ha) 31.6 cde 522 cd 419c¢ -

il s ’;Mﬁdjw%'dh;'ﬂéﬂ))ﬁ|)é1@b£{bfj_|d—lblj_uﬁh S e e S il (lls oS

L§1jJCJ‘-"'}°J3"

Means, in each column for each factor, followed by at least one letter in common are not significantly different at the 5%

probability level, using Duncan’s Multiple Range Test.

3 e w2l oy 25 ;5 (Omar, 1998)
SLe oL 3 Sliwd oS Jom s p58 000 5
13,8 aS 58 by edd bl

FLBEPN
e S Sl O e anl 8y i

L 5ol VS Sdam s See s b, 554
Oyl Swen 5 YLLUT 5 PSS S
(Annamalai et al, 2004)

A SR P e G RA

N> e o g
S AL s SN S s Sas

23 0sd peslgls JI 55l 6lS 6K Hs Slad edS

oli e PL

s, (Cabello et al, 2005) O, San 5 LS

(Defreitas et al., 1997) O1)LSen 5 s 33 5 ¢ Lins

v

ci:_.‘ﬁdi_;jjjﬁsj_gl‘.pa\f-bgrpdgajbaﬁ-_,

Loy / 3_94}));(JDS\AJJ"A;}1:§ )r_,:

L3 5 (LS 43 p 8 LS ) Jsl o 1 i
ol 5 Old 58 Sl Sae (1 se)
Syt g Fe B O 1l s

o2 thgebs L N s SNes

ol 65y~ (Ratti et al, 2001) O,)LSan 5 i,

S sl Hlehl T syl s 9l
RIS b Dl 3 g ) 56 pegde
JL&.:’-‘ r.J._.ﬁuk.i a4l oL‘ .1 SNis LJJ_, '1‘)31 S
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Table 4. Means for biological yield in different levels of biofertilizers and their intractions in 2005 and 2006

cropping seasons.

oles
Treatment

(LS ) rﬁ‘y‘-ﬂ S5 g > Shes
Biological Yield (Kg/ha)

2005 2006 Mean

M1= non-inoculated
M2= inoculated

P1=0kg/ha
P2=30 kg/ha
P3=60 kg/ha

V1= 0 ton/ha
V2= 5 ton/ha
V3= 10 ton/ha

M1V1
M1V2
M1V3
M2V1
M2V2
M2V3

iS5 il

Mycorrhizal Inoculation

3392b 5568b 4480b

3978 a 6722a 5350a

fHLSs ;s r;y‘—"’) () Slid 3,8
Phosphatic Biofertilizer (Kg/ha)

3610b 5906b  4757b

3712a 6203a  4957a

3734a 6326a 5029 a
(LSe35 .jb s geaS o
Vermicompost (ton/ha)

27% ¢ 3928 ¢ 3361c
3718b 6289b 5003 b
4544 a 8218 a 6380 a
S a5 03 X ol 85 il
M xV

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

M me gl Jlas! el 3 oSU3 (g il i )T olael il 0 05 e O o OS5 filute (510 S

le.ﬂ}“"f'"fh-];"
il

Means, in each column for each factor, followed by at least one letter in common are not significantly different at the 5%

probability level, using Duncan’s Multiple Range Test.
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Table 6. Means of biological yield as affected by biofertilizers in 2005 and 2006 cropping seasons

(S s r;‘}l__ﬁ’}hiﬁ_j)k!:ﬁa
Biological Yield (Kg/ha)

olbes & e )2
Treatment 2005 2006 Mean %Change to control
MI1P1V1 24141 3204 2808 i -48.9
MI1P1V2 3476 g 5628 h 4552 ¢ -17.1
MI1P1V3 4177 cde 7123 cd 5649 de +2.8
M1P2V1 2404 i 3380j 28921 -47.4
M1P2V2 3515¢g 5986 gh 4750 g -13.5
M1P2V3 4272 cd 7489 be 5880 cd +7.0
M1P3V1 24861 3420j 29521 -46.3
M1P3V2 3420g 6173 fgh 4796 g -12.7
M1P3V3 4366 ¢ 77120 6039 ¢ +9.9
M2P1V1 3011h 43451 3678 h -33.0
M2P1V2 3858 f 6397 efg 5127 -6.7
M2P1V3 4724b 8738 a 6731b +22.5
M2P2V1 3342 ¢ 45841 3963 h -27.9
M2P2V2 4046 def 6699 def 5372 ef 2.2
M2P2V3 4691 b 9083 a 6886 ab +25.3
M2P3V1 3106 h 46381 3872h -29.5
M2P3V2 3991 ef 6854 de 5422 ef -1.3
M2P3V3 5033 a 9161 a 7097 a +29.2

Control (NPK: 90, 60 and 90 Kg/ha) 4002 ef 6986 cde 5494 ¢ -
Al s ,;..a,,w%-du;ﬂc"._u;_-,s;uéms.-x;,‘;,,ﬂfutx.uy oS ke 3 0S5 filde (gl s oS Sy s O a3

Means, in each column for each factor, followed by at least one letter in common are not significantly different at the 5%
probability level, using Duncan’s Multiple Range Test.
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Table 7. Means for root colonization percent in different levels of biofertilizers in 2005 and 2006 cropping
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s€asons.
A g jad a2 )3
Root colonization (%)
Ses
Treatment 2005 2006 Mean
iS5 il
Mycorrhizal Inoculation
M1= non-inoculated 26.77b  27.73b 27.25b
M2= inoculated 50.68 a 55.59a 53.13a
LS 3 5 AS) s i 5
Phosphatic Biofertilizer (Kg/ha)
P1=0kg/ha 36.97b  39.14c¢ 38.06 ¢
P2=30 kg/ha 37.81b  40.99b 39.400b
P3=60 kg/ha 41.40a 44.85a 43.12a
(e s ;ﬁ') W SPIT
Vermicompost (ton/ha)
V1=0 ton/ha 34.08b  63.13¢ 35.10¢
V2= 5 ton/ha 41.54a 4520a 43.37a
V3= 10 ton/ha 40.56a  43.65Db 42.11b
(St Dl 38X ) Se el
M x P
MI1P1 2428d 24.48d 24.38¢
MI1P2 27.04c 28.4lc 27.72d
M1P3 29.00c  30.31c 29.65¢
M2P1 49.67b  53.80Db 51.73b
M2P2 48.57b  53.58D 51.08b
M2P3 53.79a 59.39a 56.59a
X ) Db 387X sy Sin el
St a5 (433
MxPxV
MI1P1V1 17.77 £ 17.13 j 1745 j
MI1P1V2 2747 e  28.43 gh 2795 h
MI1P1V3 2761 e 27.87h 27.74 h
M1P2V1 22.16f  22.49i 22.32i
M1P2V2 2847e  30.80gh 29.63 gh
M1P2V3 30.50e  31.93gh 3122 ¢
M1P3V1 2797e  28.27gh 28.12 gh
M1P3V2 30.07e 3243¢g 31.25¢g
M1P3V3 2897e  30.23 gh 29.60 gh
M2P1V1 42.57d 4527fF 4392 f
M2P1V2 5340b  58.90bc 56.15b
M2P1V3 53.03b 57.23bcd  55.13bc
M2P2V1 46.20cd  50.21e 48.20 ¢
M2P2V2 50.05bc  55.67cd 52.86¢cd
M2P2V3 49.47bc  54.87d 52.17cd
M2P3V1 4780c 5343de 50.62de
M2P3V2 59.77a 64.97a 62.37a
M2P3V3 53.81b 59.77b 56.79b
Al s me gl U Doz pedaun 53 S0l (1 dials i 05T olaed il 0 57 ol 3 o 0 filo (s> 87 Sy s O a3

Means, in each column for each factor, followed by at least one letter in common are not significantly different at the 5%
probability level, using Duncan’s Multiple Range Test.
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Table 8. Means of root colonization percent as affected by biofertilizers in 2005 and 2006 cropping seasons

SR ety
Root colonization (%)

olbes & e )2
Treatment 2005 2006 Mean %Change to control
MI1P1V1 17.62 g 17.13] 17.45] +41.5
MI1P1V2 2747e 28.43 gh 2795h +126.7
MI1P1V3 27.61e 28.87h 27.74h +125.0
M1P2V1 22.16 f 2249 i 22.321 +81.0
M1P2V2 2847e 30.80gh  29.63 gh +140.3
M1P2V3 30.50e 31.93 gh 31.22¢ +153.2
M1P3V1 2797e 28.27h 28.12h +128.0
M1P3V2 30.07¢e 3243 ¢ 31.25¢g +153.4
M1P3V3 28.97e 30.23 gh 29.60h +140.0
M2P1V1 42.57d 45.27¢ 43.92f +256.2
M2P1V2 53.40b 58.90 be 56.15b +355.4
M2P1V3 53.03b 5723 bed  55.13bc +347.1
M2P2V1 46.20 cd 50.21e 48.20¢ +290.9
M2P2V2 50.05 be 55.67 ¢cd  52.86cd +328.7
M2P2V3 49.47 be 54.87d 52.17d +323.1
M2P3V1 47.80¢c 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 1233k -
I s e Soali 1 ez a3 Sl (gl aials i 0 ga3T bl kil o 5 e O3 S il (5115 457 Jule pa (51 5 O 8 500
Means, in each column for each factor, followed by at least one letter in common are not significantly different at the 5%
probability level, using Duncan’s Multiple Range Test.
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Effect of mycorrhiza, vermicompost and phosphate biofertilizer application on
flowering, biological yield and root colonization in fennel

(Foeniculum vulgare Mill.)
Darzi, M.T.! , A, Ghalavand2 and F. Rejali3

ABSTRACT

Darzi, M.T., A. Ghalavand and F. Rejali. 2008. Effect of mycorrhiza, vermicompost and phosphate biofertilizer
application on flowering, biological yield and root colonization in fennel (Foeniculum vulgare Mill.). Iranian Journal of

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

In order to study the effect of biofertilizers on flowering, biological yield and root colonization in fennel
(Foeniculum vulgare Mill.), an experiment was conducted in 2005 and 2006 growing seasons. The factors were
mycorrhizal inoculation (inoculated and non-inoculated), phosphate biofertilizer (0, 30 , 60 Kg/ha) and
vermicompost (0 , 5, 10 Ton/ha). The treatments were arranged as factorial in a randomized complete blocks
design with eighteen treatments and three replications. These treatments together with a chemical fertilizer
control treatment (NPK: 90, 60 and 90 Kg/ha) were also evaluated using a randomized complete blocks design
with nineteen treatments and three replications. Results showed that the highest umbrella no./plant, biological
yield and root colonization percent were obtained with mycorrhiza treatment. Phosphate biofertilizer also
showed significant effect on these traits. The maximum umbrella no./plant and root colonization percent were
related to the plots with application of 60 Kg/ha of phosphate biofertilizer. The highest biological yield were
obtained with application of 30 Kg/ha phosphate biofertilizer. The maximum umbrella no./plant and biological
yield were obtained from vermicompost (10 ton/ha). The highest root colonization percent were also obtained
with application of five ton/ha vermicompost. There were positive and synergistic interactions between factors.
For example, intractions between mycorrhizal inoculation X vermicompost on biological yield. Differences
between control and biofertilizer treatments were significant, as umbrella no./plant and biological yield in
treatment of inoculation with mycorrhiza, application of 60 kg/ha phosphate biofertilizer and 10 ton/ha
vermicompost were higher than control. Root colonization percent in treatment of inoculation with mycorrhiza,

application of 60 Kg/ha phosphate biofertilizer and five ton/ha vermicompost was also greater than control.

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

colonization.
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