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Effect of Biofertilizer on Yield and Quality Characteristics of Fennel in Additive
Intercropping with Prennial Alfalfa
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Table 1: Properties of field soil

2eSE) e Sk s eSS k) ol o o S gl , L ‘
_ B B (Plses) memly (plssy) yamd (30,0) Higrms Al ) o sl (o silos) 3os s,
(e 55k (p55ks (p55ks K (ppm) P (ppm) N (%) pH (e 2 o) Texture Depth (cm) Row
Cu (mg/Kg) Zn (mg/Kg) Fe (mg/Kg) EC (ds/m)
2.6 2.4 2.8 520 6.3 0.09 7.9 4.96 0-30 e 1
Loam
14 0.5 48 260 5 0.06 7.9 4.65 30-60 = £ 2
Clay-Loam
0.8-1 1-2 8-10 300-350 12-15 0.2> 6-7 4< - e b jlade
Loam Normal Level
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Table 2: Analysis of variance of the effect of fertilizer and intercropping on yield of alfalfa and fennel
al ), Sis adgle o Sloc digy S ddgle o Slae solyT a0 Oy aolio
Dry forage yield of fennel Dry forage yield of alfalfa df Sources of variations
64137.7" 58843.4" 2 s
Replication
44083867.6™ 37749895.6™ 3 e
Fertilizer (F)
46074.3 65124.9 6 obel sl
Error main
49156501.3" 9921121.8" 2 ble oS
Intercropping (1)
9241685.1" 5009565.6" 6 Jlie
Fxl
647311 51708.5 16 b sl
Error

ao 0 ) Jleixl Zalaw (o o S g o cire oS Sy kg NS
ns and **: Not significant and Significant at 1% Probability levels, respectively
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Table 3: Analysis of variance of the effect of fertilizer and intercropping on quality characteristics of fennel

JsSosls e iy ooSis ol bl 3 Shas T ez S e
Methyl Cavicol Limonene Fenchone Anethole Yield of Essence df Sources of variations
1.21" 0.41m 5.52" 0.05™ 23.42" 2 )1-;;.
Replication
17.15™ 6.59" 1.34" 78.89™ 1036.34™ 3 ] °_95
Fertilizer (F)
0.13 0.27 0.98 1.48 27.42 6 st GU‘_’}
Error main
225" 34.22" 0.89" 147.89™ 2361.54™ 2 bylse s
Intercropping (1)
13.62™ 3.62™ 11.36™ 214" 361.75™ 6 J’L:ﬁl A
X
0.27 1.38 0.81 4.24 27 16 =S sl
Error

ae ) 50 Jlaiml zolaw jo lo e g o Jrepud o 4y ki g % NS
ns, * and **: Not significant, Significant at 5% and 1% propabability levels, respectively
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Table 4: Mean comparison of the interaction between the effects of fertilizer and intercropping on yield of alfalfa and fennel

(LS 4o 0,5 6LS) 4l sl Sz adgle s Slas (LSe jo 0,55LS) axigy Sis adgle o Slae Lglsee ciS x 35
Dry forage yield of fennel (kg.ha™) Dry forage yield of alfalfa (kg.ha) Fertilizer x Intercropping
886.2¢ 2460.77f oAl L), Jazig x (oa3055 pas
Control x Sole Alfalfa/ Fennel (CoM/CoF)
4395 2132.43fg Lol 0w ainy 10 x (3355 pae
Control x 100% Afalfa + 50% Fennel (CoFso)
1885.9d 1445.7h Sl )k ain T e x (20058 pas
Control x 100% Alfalfa + 100% Fennel (CoF1qo)
6535.53 4988.9d Al ey xS
Biofertilizer x Sole Alfalfa/ Fennel (BM/BF)
3300¢ 1478.4h e A
Biofertilizer x 100% Alfalfa + 50% Fennel (BFso)
1708.13d 5841.53¢ e R
Biofertilizer x 100% Alfalfa + 100% Fennel (BF100)
9334332 7377.07a AL aljl, fands x (Aol
Integrated fertilizer x Sole Alfalfa/ Fennel (IM/IF)
3399.67c 6640.43 Slsly T0x + amigy 110 x Aol
Integrated fertilizer x 100% Alfalfa + 50% Fennel (IFs)
6159.47b 6087.5¢ e
Integrated fertilizer x 100% Alfalfa + 100% Fennel (1F100)
6282.93b 4577.97¢ oAl &L, fadig x oleard
Chemical fertilizer x Sole Alfalfa/ Fennel (ChM/ChF)
583.63¢ 1891.27g Lo, 0w aigy 1) e X gloees
Chemical fertilizer x 100% Alfalfa + 50% Fennel (ChFsg)
902.9 2038.07g sl TV e v azin T e x ol

Chemical fertilizer x 100% Alfalfa + 100% Fennel (ChF;o0)
25,5l gire gles auo p0 B Jlei s 5o S5l slasals sz g0l Lululp caiitan S e By > slls 4 Sla Sl Gy o 40
Means in each column followed by similar letters are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
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Table 5: Mean comparison of the interaction between the effects of fertilizer and intercropping on yield and compound of Essence in fennel

(32,3) JoSeslS e
Methyl Cavicol (%)

(do,8) Jgl
Anethole (%)

OESe 4s yd) bl o Shas
Yield of Essence (Li.ha?)

Ll coaSxseS

Fertilizerx Intercropping

6.7d

2.07f

5e

2.77f

6.8cd

6.17d

7.7bc

4.87e

4.87e

8.27ab

8.7a

6.4d

(30,9) (g (22,0) (S
Limonene (%) Fenchone (%)
6.4c-e 10.87ab
4.4e 9.3b-d

7.47b-d 6.7e
5.1de 7.47de
6.2c-e 8.87b-d
8.17a-c 12.2a
6.07c-e 9.1b-d
5.57de 9.3b-d
9.67ab 7.37de
5.67de 9.57bc
8.3a-c 9.2b-d
10.2a 8.7cd

26.9cd

34.3ab

27.1cd

37.2a

33.57ab

27.37cd

28.57cd

27cd

2le

31bc

30bc

24.5de

6.67e

2.93e

8.9de

37.93bc

16.97d

8.53de

54.2a

11.43de

30.83c

41.73b

3.9

6e

oA Al famiss x 23355 pac
Control x Sole Alfalfa/ Fennel (CoM/CoF)

abjly LOe+azig 1) e o x 2335 puc
Control x 100% Afalfa + 50% Fennel (CoFso)

Wljly 7Y e rasigy Ve e x 23345 pae

Control x 100% Alfalfa + 100% Fennel (CoF1qo)
A all, fazin x (s

Biofertilizer x Sole Alfalfa/ Fennel (BM/BF)

Alsly 200 + assgy 1V e xS
Biofertilizer x 100% Alfalfa + 50% Fennel (BFso)
Wbl 7Y e+ dosgy Y e xS
Biofertilizer x 100% Alfalfa + 100% Fennel (BF1o0)
oAl &b, famigy x (JAndls
Integrated fertilizer x Sole Alfalfa/ Fennel (IM/IF)
Ally 700 + assgy 1V e x huals
Integrated fertilizer x 100% Alfalfa + 50% Fennel (IFso)
ally 7V e e+ asign MV e e x 2l
Integrated fertilizer x 100% Alfalfa + 100% Fennel (IF00)
Al aljl) famin x (aleerd
Chemical fertilizer x Sole Alfalfa/ Fennel (ChM/ChF)
Glly 200 + asg 1V e e x oland
Chemical fertilizer x 100% Alfalfa + 50% Fennel (ChFsg)
@bl 7V e a1V e o x oloond
Chemical fertilizer x 100% Alfalfa + 100% Fennel (ChF ;o)

Al o g Sglas o0 O Jliz] e jo Sl slasals wiz el (bl witins S yiie By > gl a5 Sla Sl giw 2 )0
Means in each column followed by similar letters are not significantly different at 5% probability level, using Duncan’s Multiple Range Test

Y'Y



A5 (bl g 5o [ Jol 8 o / pbais als | BLS Oladgs 5550

Gb 3l bl sams LSid glizl doyo p bgloe iS5 055 blate &l 31 Slie dslae :# Joux
Table 6: Mean comparison of the interaction between the effects of fertilizer and intercropping on the percentage of essential components in fennel

ChF00 ChFe ChF IF00 IFso IF BFico BFs BF CoF 00 CoFs CoF sl asls e )
RI Name of component Row
2.07cd 2.67b 1.5ef 2.2c 1.179 2.77b 1.3fg 1.57ef 1.7e 4.8a 1.8de 2.9b 930 Q‘}Bs*_w' 1
a-Thujene
3.37d 3.57d 2.17e 6.07a 5.4b 4.8¢c 3d 2.97d 2.1e 1.87e 3.3d 3.5d 938 &7&!1 2
a-Pinene
2.3c-f 2d-f 1.3g 2.6b-d 1.9e-g 3.1ab 1.8e-g 2.4c-e 2.7bc 3.37a 2.3c-f 1.7fg 951 ol 3
Camphene
3.47a 2.37b 3.87a 2.87b 3.4a 1.67¢ 2.37b 1.6¢ 1.67c 1.5¢ 1.4c 2.57b 972 v*"l‘” 4
Sabinene
3.6a 0.99 3.7a 2.47bc 2.1de 2.4cd 1.7f 2.8b 2.5bc 1.7f 1.77ef 1.97ef 980 ‘-’M’_L” 5
B-Pinene
1.37d 3.9a 2c 3.17b 2.87b 3.17ab 1.2d 2c 1.47d 3.37b 2.2¢c 1.27d 991 O 6
Myrcene
3.7b 4.67a 1.87f 2.27de 2.47d 2.87c 3.67b 3.67b 3.67b 3.57b 3.8b 2.07ef 1004 0030 7
a-Phellandrene
3.3c 1.5f 2.6d 5.43a 5.6a 2.77d 2.8d 1.7f 2.1e 3.9b 3.97b 2.1e 1012 o)l ¥ 8
3-Carene
2.97b 3.3a 1.8c 0.9d 2.07c 3.17a 2.27c 2.9ab 0.9d 2.4bc 2.17c 3.3a 1018 oeale 9
P-Cymene
10.2a 8.3a-c 5.67de 9.67ab 5.57de 6.07c-e 8.17a-c 6.2c-e 5.1de 7.47b-d 4.4e 6.4c-e 1028 _03 yoo! 10
Limonene
-y -l
1.8de 3.4a 3.4a 2.6b 1.5e 2.1cd 2.47bc 1.8de 3.3a 0.9f 3.37a 1.97d 1033 o) ; 11
B-Phellandrene
4.7a 1.8e 3.1d 1f 3.07d 4.87a 2.77d 3.7c 4.5ab 1.77e 4.47ab 4.17b 1040 U._ - F_U i 12
Cis-Ocimene
23de  277cd 257 3.9b 43 247de  257d 187¢ 33c 557a 12 247de 1060 N 13
y-Terpinene
Jold
3.8a 2.5¢cd 2.27de 1.77e 1.97de 2.9bc 3.2ab 1.2f 2.27de 3.77a 2.4cd 3.2ab 1088 ol 14
Linalo

85,105l e Dglas duoy0 B Jledsl mhans 40 SSls glatals sz (05l el cditus S i gy glyls a5 ola n Sl giw o 40
Means in each column followed by similar letters are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
@@Ll 7V e e + 7 e o asigy :MF100 «ailyl, 700 + /1 o ¢ asigy (MFso o alls 4l 3l iF) cuiS Gl molaw o oloonds :Ch ¢ ioali il sy 1B (20065 pac :C0) (5045 alitrs olaws
Levels of different fertilizers (Co: No fertilizer application, B: Biofertilizer, I: Integrated fertilizer, Ch: Chemical fertilizer), levels of mixtures (F: Sole fennel, MFso: Intercropping of 100% alfalfa + 50%
fennel, MF1o00: Intercropping of 100% alfalfa + 100% fennel
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Table 6 Continued: Mean comparison of the interaction between the effects of fertilizer and intercropping on the percentage of essential components in fennel

ChFue  ChFs ChF 00 IFso IF BFi BFs BF CoFws  CoFs CoF s ok pasls w5 el 22
RI Name of component Row
8.7cd 9.2b-d 9.57bc 7.37de 9.3b-d 9.1b-d 12.2a 8.87b-d 7.47de 6.7e 9.3b-d 10.87ab 1089 O55S 15
Fenchone
2fg 2.5de 0.87h 4.37a 2.67d 2.2¢ef 0.9h 3.17c 0.87h 1.67g 3.8b 2.7d 1140 292 16
Camphor
1.99 2.6ef 4.07a 1.87g 2.8de 2.27f 3.77ab 3.1cd 3.67b 3.93bc 3.2 2.57¢f 1171 UJ?‘“’)’ 17
Terpinolene
6.4d 8.7a 8.27ab 4.87e 4.87e 7.7bc 6.17d 6.8cd 2.77f 5e 2.07f 6.7d 1190 ISl J"M 18
Methyl Cavicol
4.8b 1.79 4.27c 4c 5.8a 1.8¢ 3.33de 1.97fg 3.6d 2.17f 3.07e 3.3de 1231 Dbl Jezeid 19
Fenchyl Acetate
deaalles!
3.7b 1.67f 2.1de 4.37a 3.7b 3.1c 1.7f 1.29 1.8ef 2.3d 1.57f 19 1248 N - 20
Anisaldehyde
24.5de 30bc 31bc 21e 27cd 28.57cd 27.37cd 33.57ab 37.2a 27.1cd 34.3ab 26.9cd 1282 Jsl 21
Anethole
1.8d 2.47bc 0.87e 2.1cd 1.1e 2.43bc 3.1a 2cd 2cd 2.9ab 1.9cd 0.87e 1315 O3l 22
Piperitenone
Sl Jsl3
2.47cd 1.2f 2.1de 3.27a 2.77bc 2.8a-c 1.2f 3.07ab 1.3f 1.9e 2.9a-c 2.9a-c 1366 =) 23

Geranyl Acetate

2,5 lo gire gles o p0 B Jlei el 5o (S5l slasals sz yge] Lululp caiitan S e By > slls a5 Sla Sl Gy o 40
Means in each column followed by similar letters are not significantly different at 5% probability level, using Duncan’s Multiple Range Test
@l 7V e e + 7Y e+ asigy (MF100 byl 70+ + 7V + axigy tMFs0 (alls a3l F) it alisee gl o oloowd (Ch « ali 1l ¢ sty 1B o 20055 pus :C0O) (6045 alieo Folaws
Levels of different fertilizers (Co: No fertilizer application, B: Biofertilizer, I: Integrated fertilizer, Ch: Chemical fertilizer), levels of mixtures (F: Sole fennel, MFso: Intercropping of 100% alfalfa + 50%
fennel, MFioo: Intercropping of 100% alfalfa + 100% fennel
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Table 7: Evaluation of Total Relative Yield in intercropping alfalfa and fennel under the effects of different fertilizer systems

b3l 7N e vz VN e
100% alfalfa + 100% fennel

&byl 70 +asig Y-
100% alfalfa + 50% fennel

232 e O, Sl o 9, Sas

s 08 ee o Slee

I s 0 Sloe oot o IS s 0 Slee s o Slows
RYT bl AR =T RYT A SURS AR 5T Treatment
RYb RYa RYb RYa
171 0.40 131 1.06 011 0.95 P05 pac
Control

1.41 0.19 1.22 1.14 0.36 0.78 o
Biofertilizer

1.49 053 0.96 132 030 1.02 bl 055

Integrated fertilizer
0.77 0.12 0.65 0.65 0.07 0.58 tleards 095

Chemical fertilizer

6955 alizee slopimw ).\,L Cos Al )l g axg balre CuiS jo s plojl oo Sb 1A Jgo
Table 8: Evaluation of Relative Crowded Coefficient in intercropping alfalfa and fennel under the effects of different
fertilizer systems

bl 7Y e rasigy LY -
100% alfalfa + 100% fennel

FHI A SEPCSIVVARE
100% alfalfa + 50% fennel

g a3l g 5 a3l Axigs Slews
Total Fennel Alfalfa Total Fennel Alfalfa Treatment
-2.79 3.77 -0.74 2.12 1.83 1.16 GB35 pas
Control
125 1.89 -0.66 1.97 153 1.29 2 35
Biofertilizer
26.70 2.29 11.66 011 1.64 1251 el 255
Integrated fertilizer
0.26 0.72 0.36 2052 0.60 0.18 o 255

Chemical fertilizer
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Effect of Biofertilizer on Yield and Quality Characteristics of Fennel in Additive
Intercropping with Prennial Alfalfa

Agha Baba Dastjerdi'”, M., Amini Dehaghi?, M., Bosaghzadeh?, Z. and Shafiee Adib*, Sh.

Abstract

In order to study the yield and quality characteristics of medicine forage (additive intercropping of alfalfa and fennel)
under the effect biofertilizers, an Experiment was conducted at the College of Agriculture, Shahed University in 2011.
The experimental design was split plot based on randomized complete block design with three replications. The main
factor included 4 |levels of fertilizer application viz. control (no fertilizer application), Biofertilizer
(Azospirillum/Azotobacter, biophospherous fertilizer), 3. Integrated fertilizer (bio fertilizers+ 50% chemical fertilizer),
4. Chemical fertilizer (triple super phosphate based on the soil analysis). The sub plots comprised 4 levels of mixtures
viz 1. Sole alfalfa, 2. Sole fennel, 3. Intercropping of alfalfa+ 50% fennel, 4. Intercropping of alfalfa+ 100% fennel.
Results showed that the effect of fertilizer, intercropping and their interaction on the yield of alfalfa and fennel, yield of
essential oil, amount of anethole and methyl cavicol was significant by 1%. The highest dry matter of alfalfa (7377.07
kg/hat) from sole alfalfa and integrated fertilizer, dry matter of fennel (9334.33 kg/ha) and yield of essential oil of
fennel (54.2 Li/ha) was obtained from Sole fennel when received integrated fertilizer. According to the results, sole
fennel treated with biofertilizers, produced the highest anethole and the lowest methyl cavicol. Calculation and
evaluation of Total Relative Yield and Relative Crowded Coefficient showed 100% alfalfa + 100% fennel in control
and the use of biofertilizers were the best, respectively.

Keywords: Anethole, Essence, Relative Crowded Coefficient, Dry matter, Relative yield total
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