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Extended abstract

Introduction

Fennel (Foeniculum vulgar Mill) is one of the most important medicinal plants of the Umbelliferae
family, which is cultivated mainly for the use of seeds and essential oils in various pharmaceutical, food
and cosmetic industries (Norouzi Shahri et al., 2015). The medicinal plant of fennel in Iran is widely
distributed in the regions of Khorasan, Tehran, Gorgan, Mazandaran, Kurdistan, Kerman, Gilan and
Tabriz, and grows up to three meters above sea level. Plants face a variety of biological and non-
biological stresses during growth. Drought stress is one of the most important abiotic stresses that
reduces growth and yield in many crops and medicinal plants (Kabiri et al., 2014; Bahrani et al., 2013).
Mycorrhizal fungi have several functions in the ecosystem of crops; so that it improves the physical
quality of the soil, the chemical quality of the soil and the biological quality of the soil. Mycorrhiza has
been reported to increase biomass, essential oil content, and ultimately essential oil function in
medicinal plants (Hatami and Ghorbanpour, 2016; Ghorbanpour et al., 2014). The use of biofertilizers
including Azotobacter, Azospirillium and phosphate-soluble bacteria has significant effects on the
essential oil of marjoram. Growth-promoting bacteria may accumulate in the rhizosphere, root surface,
or even the intracellular space of plants (Zafari et al., 2018; Bahrani et al., 2010). In general, the aim of
this study was to investigate the effect of application of mycorrhiza and growth-promoting bacteria
Azospirillum under drought stress on morphological traits and fennel essential oil in Zarghan and
Kodian regions that have different climatic conditions.

Materials and methods

An experiment was carried out to investigated the effect of mycorrhiza (Glomus mosseae) and growth
promoting bacteria (Azospirillum) in drought stress on agronomic and biochemical characteristics of
Foeniculum vulgar, in 2019-2020 crop season in two regions (Kodian, Zarghan) of Shiraz, Fars province,
Iran. The experiment was done as a factorial split plot in a randomized complete blocks design with
three replications. Main plots were drought stress at three levels: 30% (control), 60% and 90% field
capacity and sub-plots were mycorrhiza, at two levels (no inoculation, and seed inoculation with Fungal)
and also Azospirillum at two levels (no inoculation and seed inoculation with bacteria).
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Results and discussion

The results showed that inoculation of Glomus mosseae and Azospirillum had significant effect on grain
yield, biological yield, thousand seed weight, plant height, number of umbrellas per plant, essential oil
yield and percentage in both regions and improved the negative effects of drought stress. The highest
seed yield in both places belonged to the treatment of 30% field capacity with inoculation of mycorrhiza
and Azospirillum. Mycorrhiza and Azospirillum reduced the negative effects of drought stress and
increased all morphological and biochemical characteristics.

Conclusion

In general, interaction of mycorrhiza and Azospirillum consumption in no drought stress can be
suggested to maximize morphological and biochemical characteristics of Fennel under the same weather
conditions of the study.

Keywords: Biologic yield, Essential oil yield, Growth-promoting bacteria, Inoculation with fungi,
Number of umbrellas per plant
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Table 1. Mean of rain and temperature of weather station near the two research location

Zarghan )8,; ailio
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(mm) Sk g 0 0 0 0 0 291.6
Rainfall (mm)
(€)oo Jolao 5 102 13 17.4 11.2 1 8
Min Temperature ('C)
(Oloisbe 316 386 392 414 38.4 328 414
Max Temperature ('C)
(Olooefile 179 2501 28 299 242 18.8 16.9
Mean Temperature ( C)
et
(1) gk JBlax 32 19 18 20 2 23 30
Min relative humidity (%)
(1) grmicash, SSlas 79 53 48 52 58 59 70
Max relative humidity (%)
A 5o e
) sty oailee 5 3633 36 40 41 50
Mean relative humidity (%)
. @Bl 0765 3642 3529 3373 328.7 3038 33545
Sunshine (h)
Kodian OLogs adlin
llyp S Syl S g5 S mad Ao oSl
Metrological data April June July August  September October Mean
(mm) St ggg 11.5 0 0 0 0 7423
Rainfall (mm)
(Ol Jlao gy 113 138 18.6 15.7 9.8 8.4
Min Temperature ( C)
(Ole e g 345 344 36.2 315 29 36.2
Max Temperature (C)
(OLooibe 159 249 26 27.8 239 19.2 15.9
Mean Temperature (C)
(1) ruicash) Sl 10 10 1 1 10 20
Min relative humidity (%)
7. ) =
(1) rmicaghy Sl g 28 26 32 29 31 52
Max relative humidity (%)
) s gy oo8iles -y 19 18 22 20 20 36
Mean relative humidity (%)
odleste  Hg53 3588 3557 3426 306.3 2926  3256.7

Sunshine (h)
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Table 2. Physical and chemical properties of the soil

experimental for the two research locations of Zarghan
and Kodian

S oluogas 8,5 ol
Soil Characteristics Zarghan  Kodian
EC (dS m™) sd 1.6 1.45
pH bl olac 7.96 7.5
pb SV 512 876
TNV (%)
ELl S Cugby oo 33 36
Saturation (%)
C (%) RS oy 0.14 0.99
N (kg ha™) 55 039 17 29
P(mgkg™) ool and 118 16.7
K(mgkg™) ciadlemty 176 197
Clay (%) Q9 Moy 27 30
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Sand (%) R 27 29
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Table 3. combined Analysis of variance of studied traits for two research location

BN s s e sl oSles 5ySkes o Slos
® b &g number of 1o 513 (459 Al () owbul duoyo osbul
S.0.V Plant umbrellas per Thousand Seed Biologic percentage of essential
df  height plant seed weight  yield yield essential il oil yield
“ile g 5109 5841 6729 64255 952314 025" 237"
Location (L)
L dlenlS 4 223 736 0876 2775 45698 0.005 1.10
sl 5 956 3205 7543 47693 775612  0.88™ 543"
Irrigation (I)
. @leleadbie o 40 0 9.29 2203 191™ 6325  0.016™ 9.2 m
Gl LS 6 g 18 336 0019 85405 16550 0.09 6.5
L*I*R
&€y 852" 3472 137" 13228 289515™  0.012" 83"
Glomus mosseae (G)
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Table 4. Interaction effects of Irrigation, Glomus mosseae, bacteria (Azospirillum) on characteristics
study In Zarghan region

ol gl olS oy olusy 4lo 515 ¢y39 &1 0, hos
Plant height Number of Thousa.nd seed Seed yield
umbrellas per plant weight
Ao A1 Ao A1 Ao A1 Ao Ay
————————— IO e — - S — B
o Go 92.2¢ 100.8* 19.8° 24.8* 3.6° 4.092 935.9% 1045.7°
G1 97.9° 105.42 25.12 26.7% 4.26* 4.452 1133.8% 1256.4°
I Go 89.2¢¢ 96.8° 15.2¢ 19° 3.32¢ 3.64° 760.5¢ 804¢
G1 94° 99.1% 18.7° 20.4° 3.8 3.68P 950.4° 1046.5°
I Go 85.7¢ 93.7b 12.84 14.6¢ 2.924 3.26° 515.4¢ 606.7¢
G1 90.5¢ 93.3b 15.4¢ 15¢ 3.47° 3.62° 659.3¢ 685.44

Table 4. Continued alol.f Jgus

owlwl dus yo

ENINET , FEVE
Biologic yield pme“tagii‘l’f essential Essential oil yield
Ao A1 Ao A1 Ao A1
----- kg.h!---- 7 — R 170 | p—
Io Go 27960 30760 1.19f 1.43¢ 11.12¢ 14.95¢
G1 3201° 36292 1.66° 1.954 18.82° 24.492
L Go 2580°¢ 29620 1.44¢ 1.834 10.94¢ 14.71¢
G 30940 33652 1.94 2.22¢ 18.05° 23.232
I Go 18464 18554 1.94 2.3¢ 9.79¢ 13.954
Gi1 18984 18874 2.5b 2.832 16.48°¢ 19.39P
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A8 50 Cudyls o0 Al am 5Ll

Averages with common letters in each column do not have a significant difference at the five percent probability
fgftlzospirillum not inoculated with bacteria, Al: Azospirillum inoculated with bacteria, GO: Glomus mosseae

not inoculated with bacteria, G1: Glomus mosseae inoculated with bacteria, 10: irrigation after 30% of the field
capacity (control), I1: irrigation after 60% of the field capacity, I12: irrigation after 90% of the field capacity.
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Table 5 -Interaction effects of Irrigation, Glomus mosseae, bacteria (Azospirillum) on characteristics

study In Kodian region
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Pl . Number of Thousand seed X
ant height Seed yield
umbrellas per plant weight
Ao A1 Ao A1 Ao Aq Ao A1
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I Go 91.74 104.6° 20.3b 25.32 3.79¢ 4.32b 854.6¢ 1055¢
0 Gi 100.3¢ 111.8° 25.92 27.42 4.57%® 4.96* 1162.7° 1364.12
I Go 88.5¢ 98.8° 15.8° 18.9° 3.38 3.92¢ 706.2¢  764.1¢
! Gi 95.2¢d 103.4° 19.2b 220 4.03¢ 4.43b 822.4¢  1096.3b
I Go 84.1¢ 89.5% 13.34 16.1¢ 3.174 3.67° 590.3¢  622.5¢
? Gi 87¢ 93.4¢ 16.3¢ 16.2¢ 3.82¢ 4.1% 714.6¢  784.1¢
Table 5. Continued aolol b Joum
3 S ySdos &"JL“’LMﬁf bl & ;Slos
Biologic yield percentage o Essential oil yield
essential oil
Ao A1 Ao A1 Ao A1
————— kg.h'---- SR 77— RN 120 | R —
I Go 2956° 347420 1.3¢ 1.64 11.14 16.88¢
0 G1 3617° 3859° 1.8¢ 2.15¢ 20.92° 29.322
I Go 3078¢ 3245 1.544¢ 2¢d 10.87¢ 15.28¢
! G1 3656* 3758 2.36° 2.6* 19.4b¢ 28.52
I Go 1986¢ 20434 1.854 2.27°¢ 10.32¢ 14.13¢
? G1 2109¢ 2097¢ 2.552 2.9* 18.22¢ 22.73b
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Averages with common letters in each column do not have a significant difference at the five percent probability

level.

AO: Azospirillum not inoculated with bacteria, A1: Azospirillum inoculated with bacteria, GO: Glomus mosseae
not inoculated with bacteria, G1: Glomus mosseae inoculated with bacteria, 10: irrigation after 30% of the field
capacity (control), I1: irrigation after 60% of the field capacity, 12: irrigation after 90% of the field capacity.
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