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Influence of herbicides under biofertilizer 
application on fennel (Foeniculum vulgare) yield 
and quality with special reference to herbicide 
residues
Ibrahim Abdallah1* , Alia Amer2 and Dalia El‑Hefny3 

Abstract 

Background: Weed occurrence and fertilization are considered two of the most factors influencing fennel yield. A 
two season’s field study was undertaken to investigate the response of fennel crop to two different herbicides under 
the application of biofertilizers. The two herbicides are pendimethalin (at reduced rate), fluazifop‑p butyl and a com‑
bination of sequential application of both of them. The biofertilizers were used in 3 rates of 1:1:1, 2:1:1 and 1:1:2 (v/v/v) 
from atmospheric nitrogen‑fixating, phosphorous‑dissolving and potassium‑solubilizing bacterial strains.

Results: The results indicated that under all rates of the biofertilizers, the two herbicides applied individually caused 
significant reduction in growth parameters of the fennel plant estimated. Hand weeding (untreated check) increased 
fruit yield by 63% and oil yield by 78% compared to unweeded control, while sequential application of pendimetha‑
lin + fluazifop increased fruit yield by 45% and oil yield by 83% under biofertilizers at the rate of 2:1:1. Slight decrease 
in protein content using pendimethalin + fluazifop (12.94, and 12.96%) compared to 13.56% for hand weeding was 
observed. However, fluazifop alone showed no significant differences (13.63 and 13.13%) during both seasons under 
the biofertilizer rate of 2:1:1. No detectable residues of pendimethalin and fluazifop applied alone or sequentially were 
found in the analyzed dry seeds.

Conclusion: The obtained results concluded that using proper level of biofertilizer combined with herbicides would 
increase the seed yield and oil content of fennel. Nevertheless, further investigation is needed to search for safer and 
effective weed control methods in medicinal plants.
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Background
Fennel (Foeniculum vulgare Mill) is one of the important 
seed spice crops. It is a perennial hardy herb and a high 
value cash crop that grow in middle Egypt (Ehsanipour 
et  al. 2012). The profitable value of this crop is linked 
principally to the fruits which contain volatile and fixed 
oil. Fennel is used in several purposes as an appetite 

stimulant, diuretic, carminative, flavoring agents, sto-
machic, estrogenic activities, essence in cosmetics and 
perfumery, antioxidant, antimicrobial, anti-inflammatory, 
antidiarrheic, antispasmodic, hepatoprotective, lactation 
promoter and treatment of nervous disturbances (Singh 
et  al. 2006; Gori et  al. 2012; Abdel-Rahman and Abdel-
Kader 2020). According to Bird et al. (2003), the soil fer-
tility and weed management are often considered two 
of the most critical management factors impacting crop 
yield. Biofertilizers, as an alternative for chemical alter-
natives, have significant role in fixing atmospheric nitro-
gen and in phosphorous solubilization. They also help in 
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stimulating the plant growth hormones providing better 
nutrient uptake and increased tolerance toward drought 
and moisture stress (Haggag et al. 2014). Several studies 
and reports pointed out that fennel responded to biofer-
tilizers by increasing growth and oil yield and changing 
its chemical composition, Badran and Safwat (2004), El-
Ghadban et al. (2006), Mahfouz and Sharaf-Eldin (2007) 
and Ibrahim et  al. (2020). In addition, fennel generally 
takes longer time for germination and also has slow initial 
growth which often leads to heavy infestation of weeds. If 
not controlled timely, weeds adversely affect the growth 
and cause substantial loss in yields which found to be as 
high as 91.4% as reported by Mali and Suwalka (1987). 
Weeds can also affect quality of the essential oils content 
(Wall and Friesen 1986; Zheljazkov and Zhalnov 1995). 
Both quantitative and qualitative yield losses due to weed 
infestation have been largely studied in field and vegeta-
ble crops. However, research on this subject in medicinal 
plants (e.g., fennel) is limited due to some very specific 
features of these crops. In addition, the aspects concern-
ing quality issues are even less studied. Mechanical and 
cultural weed control means are shown to be less effec-
tive and expensive, especially at periods of labor shortage 
and higher cost. These methods also deplete soil water 
supply and nutrients absorbed by the infested weeds. 
Chemical control using herbicides is mostly favored as 
they offer efficient, cost-effective and reliable weed con-
trol contributing to high seed yields. Herbicides are gen-
erally providing a threefold to fourfold economic return 
compared to other weed control measures (Ngow et  al. 
2020). Studies have shown that herbicide application 
effectively controls the weeds and can increase the seed 
yield by 43.2 to 86.9% (Voevodin and Borisenko 1981 and 
Patel et  al. 2017). Fluazifop-p-butyl and pendimethalin 
are among the major herbicides commonly used for weed 
control. Fluazifop is a selective post-emergence herbi-
cide for the control of annual and some perennial grass 
weeds in various broadleaf field and vegetable crops. Pen-
dimethalin is a selective pre-emergence herbicide used to 
control annual grasses and broadleaf weeds on a variety 
of agricultural crops. However, in Egypt, limited informa-
tion is available on registered herbicides for weed control 

and their residues in medicinal and aromatic plants. 
Consequently, monitoring of herbicide residues should 
also include medicinal and aromatic plants. Moreover, 
little attention has been paid to evaluate the effects of 
either herbicides or weeds on the various fennel traits 
that contribute to crop quality. Besides, information on 
the interactive effect of both herbicides and biofertilizers 
application is needed for developing effective weed man-
agement and better crop production in fennel. Therefore, 
the main objectives of this work were to: (1) investigate 
the influence of the interaction of the two selected her-
bicides and the biofertilizers on growth of fennel plants, 
fruit/seed yield and seed oil quality; (2) determine herbi-
cide residues in the fruits at the harvest time to protect 
food consumers from adverse effects may occur.

Methods
Plant materials and experimental assay
A field study was conducted at the Farm of Medicinal 
and Aromatic Plants Research Department, El-Kanater 
El-Khairiya, Qalyubia Governorate, Egypt, “30°19′N, 
31°13′E, 16.9 m above sea level rise” on 25th and 30th of 
October of the first and the second seasons, respectively. 
Physical and chemical properties of the experimental 
soil are shown in Table  1, and the analysis was done at 
Soil, Water and Environmental Institute Lab. Agricul-
tural Research Center (A.R.C.) as described by Donald 
(1996). Fennel fruits were obtained from the Medicinal 
and Aromatic Plants Department Farm. According to the 
recommendation of Egyptian Ministry of Agriculture and 
Land Reclamation, fruits were planted on hills by adopt-
ing all recommended package of practices except the 
treatments which were conducted in five rows of 3 m in 
length with 50 cm between rows and a distance of 35 cm 
between plants in the rows. After five weeks, seedlings 
were thinned to one plant per hill. The trial was laid out 
using randomized complete block design with split plot 
arrangement and having three biofertilizers rates in the 
main plots, while three herbicides treatments (two her-
bicides used alone and sequentially), in addition to 
untreated control in the subplots and each treatment was 
replicated four times.

Table 1 Physical and chemical properties of the experimental soil

Available (mg/kg soil)

N P K Fe Zn Mn Cu
29.9 6.77 273.00 5.41 3.08 6.00 7.74

CaCO3 (%) O.M (%) Cations (Meq/l) Anions (Meq/l) SP EC (ds/m) pH
K+ Na+ Mg+2 Ca+2 SO4

−2 Cl HCO3
− CO3

−2

0.66 2.2 1.0 6.6 2.1 3.3 2.5 9.4 1.1 ‑ 60 1.43 8.02
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Biofertilizer treatments
The three biofertilizer rates were F1: (1:1:1), F2: (2:1:1) 
and F3: (1:1:2) (v/v/v) obtained from the highly effi-
cient bacterial strains of; Azotobacter Croccuccum and 
Azospirillum brasilense (mixed well together by 1:1 
(v/v)) used for atmospheric nitrogen fixation, Bacillus 
megatherium var. phosphaticum for phosphorus-dis-
solving and Bacillus circulans as potassium-solubilizing 
bacteria, respectively. These bacterial solutions were 
prepared individually in the Agricultural Microbiology 
Department, Soils, Water and Environment Institute, 
A.R.C. Giza, Egypt. The strains were independently 
grown in nutrient broth for 48  h at 30ºC in a rotary 
shaking incubator. The density of each bacterial cul-
ture in broth was counted using a hemocytometer. Each 
individual bacterium was grown and maintained on 
its specific medium to a density not less than  108 cells 
 ml−1 in the broth culture. Inoculation was performed 
just before sowing: Bacterial suspension was mixed 
with fennel fruits before planting. After planting, this 
mixture of bacteria was applied to the plants’ rhizo-
sphere at the root zone during furrow irrigation at 45 
and 90 days after transplanting.

Herbicide treatments
Fluazifop‑p‑butyl
Fluazifop-p-butyl was used at the recommended rate 
(1.25  l/feddan) under the trade name Fusilade 12.5% EC 
manufactured by Syngenta.

Pendimethalin
Pendimethalin was used at the half rate (0.75  l/feddan) 
under the trade name Stomp 45.5% CS manufactured by 
BASF.

Herbicides application comprised five treatments of 
(H1) untreated check (unweeded control), (H2) untreated 
check (hand weeding-control), (H3) pendimethalin at 
reduced rate; 340 g a.i.  feddan−1, as pre-emergence (after 
sowing and before irrigation), (H4) fluazifop-p butyl 
at the recommended rate; 190  g a.i.  feddan−1 as post-
emergence (30  days after sowing) and (H5) a combina-
tion of sequential application of pendimethalin at the half 
rate + fluazifop butyl at the recommended rate. The rates 
of the herbicides were based on the recommended rate 
for vegetable crops as shown on the label specified by the 
manufacturers (since in Egypt, there are no registered 
herbicides for weed control in medicinal plants). Herbi-
cides were applied once and sprayed with operated knap-
sack sprayer fitted with flat fan nozzle using spray volume 
500 l  feddan−1. Water was applied for the untreated con-
trol in the same manner used for the other treatments.

Measurements and analysis
Growth parameters and fruit yield measurements
When the fennel fruits reached a stage of maturity, they 
were harvested at their full ripeness with a sickle in the 
early morning to avoid scattering of fruits. The collected 
samples were dried in a shaded and a well-ventilated area 
for ten days, and then, threshing was done carefully to 
avoid breaking theme. The plant height from the surface 
of the soil to the highest umbel, branches number/plant, 
plant fresh weigh (g) and number of umbels/plant, were 
measured. Yield parameters recorded in this experiment 
were fruit yield/plant (g) and fruit yield/fed (kg).

Chemical analysis
Fruits essential oil and its components
To determine the essential oil (%), the oil was extracted 
by hydro-distillation method in a Clevenger apparatus 
according to the method recommended by the Egyptian 
Pharmacopoeia (1984). Fennel fruits (100 g) were ground 
and immediately hydro-distillated for an average dura-
tion of three hours as reported by Guenther (1961). The 
essential oil yield was calculated as the ratio between 
the volume of oil obtained and the weight of fruits used. 
The essential oil recovered was dehydrated by anhydrous 
sodium sulfate and stored in a small opaque flask at 4 °C 
in a dark place before analysis. The volatile oil obtained 
from the fennel fruits was analyzed in Laboratory of 
Medicinal and Aromatic Plants Research Department, 
Horticulture Research Institute, A.R.C., by gas chroma-
tography using Ds-Chrome 6200 Gas Chromatograph 
apparatus, equipped with a flame ionization detector for 
separation of volatile oil constituents. The analysis con-
ditions were as follows: The chromatograph apparatus 
was fitted with capillary column BPX-5, 5 phenyl (equiv.) 
polysillphenylene-siloxane 30 × 0.25 mm ID × 0.25 μ film. 
Temperature program ramp increase rate of 10  °C/min 
was from 70 °C to 200 °C. Flow rates of gases were nitro-
gen at 1 ml/min, hydrogen at 30 ml/min and 330 ml/min 
for air. Detector and injector temperatures were 300  °C 
and 250 °C, respectively. The identification of the differ-
ent constituents was done by comparing their retention 
times with those of the authentic samples.

Fruit protein content
Protein was determined as total nitrogen by micro-Kjel-
dahl method as described by Helrich (1990).

Determination of herbicide residues
Analytical procedures for fluazifop and pendimethalin
Herbicide residues were determined by the QuEChERS 
method (Anastassiades et  al. 2003). For the extraction 
procedure, 2  g (± 0.1) of the seed sample homogenate 
was weighted into 50-ml falcon centrifuge tubes. Then 
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10 ml of distilled water and 10 ml acetonitrile (1% formic 
acid) were added, and the screw cap was closed and the 
tube vigorously shaken for 1  min using a vortex mixer 
at maximum speed. After addition of QuEChERS liquid 
extraction salt, containing magnesium sulfate anhydrous 
(4 g) and sodium chloride (1 g) for fluazifop analysis, the 
same extraction salt was the same in case of pendimeth-
alin analysis, but with the addition of sodium citrate 
dibasic sesquihydrate (0.5  g) and sodium citrate triba-
sic dehydrate (1  g). The mixture was vortexed again for 
1 min and then centrifuged for 5 min at 4000 rpm at 5 ºC 
using a refrigerated centrifuge.

Determination of fluazifop
The extract was transferred to a vial after filtered through 
a 0.22-µm PTFE filter (Millipore, Billerica. MA) for 
determination by HPLC. The HPLC system was an Agi-
lent HPLC 1260 infinity series (Agilent Technologies) 
equipped with a quaternary pump, a variable wavelength 
diode array detector (DAD), an autosample with an elec-
tric sample valve. The HPLC apparatus was equipped 
with an analytical column (150 mm × 4.6 mm id, × 5 µm 
ODS). The flow rate of mobile phase (acetonitrile 
80% + water 20%) was 1.5 ml/min, injection volume was 
20 µl, and the detection wavelength was set at 270 nm.

Determination for pendimethalin
Gas chromatograph HP 6890 with autosampler HP 
7673 was equipped with double micro-electron 
capture detector (µECD) with capillary, column, 
(30  m × 0.32  mm × 0.25  µm) 5% phenylmethyl polysi-
loxane (HP5). Injector temperature was 250 °C, detector 
temperature 300 °C, flow rate of N2 (1 ml/min). Temper-
ature programs of GC were as follows: initial temperature 
70 °C for 2 min, rise 5 °C/min up to 200 °C and held for 
2 min, then 5 °C/min up to 260 °C and held to 5 min.

Statistical analysis
Data obtained during the two seasons were subjected to 
the statistical analysis using ANOVA in split plot design 
according to Gomez and Gomez (1984). Means of the 
treatments were compared by the least significant differ-
ences (L.S.D.) at 5% level of significance as developed by 
Waller and Duncan (1969).

Results
Effect of biofertilizer levels on fennel growth yield 
parameters and fruit chemical composition in the two 
seasons
The present study clearly shows that growth, yield and 
fruit chemical features of fennel significantly responded 
to various levels of the application of biofertilizers. 
Data in Table  2 showed that the biofertilization with 
the atmospheric nitrogen fixation bacteria at F2 signifi-
cantly increased fennel growth parameter, fruit produc-
tion and fruit chemical composition, where the highest 
values of increase resulted by F2as plant height (101.23 
and 103.57 cm), plant fresh weight (346.74 and 352.79 g) 
and number of branches/plant (43.27 and 43.27) as well 
as number of umbel/plant (30.29 and 36.13) in the first 
and second season, respectively. Moreover, values of yield 
parameters represented by fruit yield/plant (g) and fruit 
yield/fed (kg) showed the same trend obtained above 
recording 43.27 g and 1081.9  kg in the first season and 
48.64  g and 1216.1  kg in the second one, respectively. 
In addition, the highest amounts of oil %, oil yield/plant 
and content of protein in fruits were obtained with F2 
by 1.57%, 0.74  ml and 12.88%, respectively, for the first 
season, while 1.62%, 0.86 ml and 12.92% for the second 
season. On the other hand, the lowest increase resulted 
by the high level of potassium solubilizing bacteria in 
F3 level is as follows: 87.68, 88.90 cm for plant height, 
207.71, 213.76  g for plant fresh weight, 21.39, 21.39 for 
number of branches/plant and 18.31, 23.88 for number of 

Table 2 Fennel growth, yield parameters and fruit chemical composition affected by the biofertilizers during 2017/2018 and 
2018/2019

* The three biofertilizer rates F1: 1:1:1, F2: 2:1:1 and F3: 1:1:2 (v/v/v) from the highly efficient bacterial strains of atmospheric nitrogen fixation, phosphorous dissolving 
and potassium solubilizing, respectively

Biofertilizer 
treatments*

Growth parameters Yield parameters Fruit chemical composition

Plant height F.W of plant 
(g)

No. of 
branches/
plant

Umbels/
plant

Fruit yield/
plant (g)

Fruit yield 
(kg)/fed

Oil% Oil Yield 
(ml)/
plant

Fruit Protein 
content (%)

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

F1 99.79 100.38 275.11 281.70 34.48 34.48 24.13 29.78 34.48 39.73 861.9 993.2 1.40 1.41 0.56 0.64 12.06 12.13

F2 101.23 103.57 346.74 352.79 43.27 43.27 30.29 36.13 43.27 48.64 1081.9 1216.1 1.57 1.62 0.74 0.86 12.88 12.92

F3 87.68 88.9 207.71 213.76 21.39 21.39 18.31 23.88 21.39 26.89 534.8 672.2 1.27 1.28 0.32 0.40 10.40 10.47

LSD at 5% 7.37 3.21 9.16 7.52 0.93 0.93 2.19 2.20 0.93 1.08 23.32 27.20 0.07 0.07 0.02 0.04 0.20 0.18
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umbels/plant in the first and second season, respectively, 
whereas at the F3 (the high level of potassium solubiliz-
ing bacteria), elevated levels of fruit yield/plant (g), fruit 
yield/fed (kg), oil %, oil yield/plant and protein content in 
fruits compared with untreated were (21.39 and 26.89 g), 
(534.8 and 672.2 kg), (1.27 and 1.28%), (0.32 and 0.40 ml) 
and (10.40 and 10.47%) in both seasons, respectively.

Effect of herbicide treatments on fennel growth, yield 
parameters and fruit chemical composition in the two 
seasons
The data for the growth and yield parameters of fen-
nel can be seen in Table 3. It is noticed that there were 
significant differences among herbicide treatments in 
the growth and yield parameters as well as fruit chemi-
cal composition. Generally, the herbicides negatively 
affected the studied parameters of fennel compared to 
hand weeding check (H2). Data showed that the high-
est increase in the growth, yield parameters and oil % as 
well as oil yield per plant were obtained with the treat-
ment of H2 followed by H5 then H4 and H3, while the 
lowest value was observed with the treatment of H1. It is 
that the fennel yield was affected by spraying pendimeth-
alin followed by fluazifop (H5) as the yield measured 
was 45.50 and 42.25% lower compared with hand weed 
removal (H2). On the contrary, compared to the con-
trol (untreated check), the combination of pendimetha-
lin + fluazifop (H5) contributed to an increase in fennel 
yield by 44.35 and 38.26% in the two seasons. On the 
other hand, the use of pendimethalin at reduced rate (H3) 
exhibited increase in the yield by 14.09 and 10.96%, while 
fluazifop-(H4) recorded 32.78 and 26.65% higher yield 
than that in the control H1 (unweeded check). Concern-
ing the fruit protein content, data in Table 3 revealed that 
the maximum values were obtained with the treatment of 
H2 (12.47 and 12.50%) then H3 (12.13 and 12.23%) fol-
lowed by H1 (11.20 and 11.24%). However, the minimum 
values were observed with H5 treatment (11.00, 11.05%) 
in both seasons. The treatment of H5 had a positive effect 
on plant height (92.36 and 93.36) than H3 (84.08 and 
86.73) or H4 (87.47 and 88.21), compared to H1 (89.56 
and 90.85) in both seasons. The essential oil content in 
fennel fruits and the essential oil yield is given in Table 3. 
The herbicide sequential application of pendimetha-
lin and fluazifop butyl (H5) decreased the oil content in 
fruits compared to H2 (untreated check-hand weeded). 
In addition, when the two herbicides applied alone, each 
of them also reduced the oil content in fruits compared 
to H2. Nonetheless, the oil yield increased compared 
with H1 (the untreated and unweeded check). The lowest 
oil yield was obtained from H3 (80.17%) which was less 
than that the hand weeded control (H2) in both seasons, 
while the highest increase (56%) in the yield was recorded 

in case of the sequential combination of pendimethalin 
and fluazifop, compared with the unweeded control (H1).

The interactive effect of the herbicide treatments 
under biofertilizer rates on fennel growth yield parameters 
and fruit chemical composition in the two seasons
Data in Table  4 indicated that significant influence of 
plant and fruiting characteristics, volatile oil percentage, 
oil yield and fruit protein content of fennel plants were 
obtained. The application of F2 with H2 resulted in the 
highest values in plant height (134.86 and 137.05  cm), 
fresh weight per plant (416.9 and 425.31  g), number of 
branches (8.0 and 8.5), number of umbels/plant (57.31, 
63.39), fruit yield per plant (71.18, 78.01 g) and per fed-
dan (1779.5, 1950.3 kg), volatile oil (2.41, 2.55%), oil yield 
per plant (1.71, 1.98 ml) and fruit protein (13.56, 13.56.%) 
in both seasons. Additionally, application of H5x F2 led 
to a slight decrease in values for all measured parameters 
as compared to the F2xH2. The average of reduction % in 
both seasons was (28.58, 6.63, 17.78, 32.31, 32.77, 32.77, 
41.52, 60.42 and 4.50) for plant height, fresh weight/
plant, number of branches, number of umbels/plant, fruit 
yield/plant and feddan, volatile oil and oil yield per plant 
and the fruit protein, respectively. On the other hand, 
the increment % in both seasons for H5x F2 compared 
to H1xF2 was 1.77, 56.27, 35.20, 118.83, 77.06, 77.06 and 
76.67% for plant height, fresh weight/plant, number of 
branches, number of umbels/plant, fruit yield/plant and 
feddan, oil yield per plant, respectively, whereas oil % and 
protein content showed decrease by 21.33 and 2.85%, 
respectively. Similarly, H4xH2 treatments showed higher 
amount of protein content than H5xH2, while no signifi-
cant of difference compared to F2xH2 was determined.

GLC analysis of essential oil composition
The essential oil of the produced fennel seeds in all treat-
ments was subjected to fractionation using gas chro-
matography (GC). From the data presented in Table  5, 
limonen, 1,8 cineol and methyl chavicol were recorded 
as the main components. The concentration of the major 
component methyl chavicol (estragole) ranged from 
75.60% to 81.85% followed by limonen (8.43–20.80%); 
then, 1,8 cineol ranged (2.07–6.69%) in all the treatments. 
The minor compounds were α-pinene, myrcene and 
anethole. The most noticeable treatment that decreased 
the concentration of methyl chavicol (65.14%), resulted 
from biofertilizer (F3) and both herbicides combination 
(fluazifop + pendimethalin) treatment followed by the 
treatment of biofertilizer (F2) and untreated check (hand 
weeded) that recorded 67.39%. On the contrary, plants 
treated with biofertilizer (F2) and sprayed with both her-
bicides combination (fluazifop + pendimethalin) exhib-
ited the highest content of methyl chavicol (81.85%).
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Determination of herbicide residues in fennel fruit seeds
Data in Table 6 showed that the average recovery per-
cent was 82.3 for fluazifop and 91.6 for pendimetha-
lin. Values of the recovery and RSD % were within the 
acceptable limits for routine analysis of herbicide resi-
dues. LOQ was 0.03 and 0.05 mg  kg−1, for fluazifop and 
pendimethalin, respectively, indicating good analytical 
precision. A calibration curve was plotted of concen-
tration of the fluazifop and pendimethalin standards 
injected versus area observed. The peak areas obtained 
from different concentrations of standards were used 
to calculate linear regression equation with correlation 
coefficient of 0.99 showing better analytical sensitivity 
and accuracy. A calibration curve is shown in Figs.  1 
and 2. No detectable residues of fluazifop and pen-
dimethalin applied alone or sequentially were found in 
the analyzed dry seeds.

Table 5 Effect of biofertilizer and herbicides on fennel oil composition

* The three biofertilizer rates F1: 1:1:1, F2: 2:1:1 and F3: 1:1:2 (v/v/v) from the highly efficient bacterial strains of; atmospheric nitrogen fixation, phosphor dissolving and 
potassium solubilizing, respectively. **Herbicides treatments; (H1) untreated check without weed removal by hand as control treatment, (H2) untreated check with 
weed removal, (H3) pendimethalin at reduced rate;812 g a.i.  ha−1, as pre-emergence (after sowing and before irrigation), (H4) fluazifop-p butyl at the recommended 
rate; 450 g a.i.  ha−1 as post-emergence (30 days after sowing) and (H5) a combination of sequential application of pendimthalin at the half rate + fluazifop butyl at the 
recommended rate

Rates of 
biofertilizer* 
(v:v:v)

Herbicide 
treatments**

Major essential oil constituents (%)

α-pinene Myrcene Limonene 1,8 Cineole Methyl chavicol Anethole

F1 H1 0.11 1.31 14.59 4.62 77.59 0.44

H2 1.43 0.92 15.93 4.55 76.15 0.64

H3 0.71 0.83 13.34 2.62 79.97 1.33

H4 0.95 0.96 16.46 6.53 72.54 0.70

H5 2.05 1.11 15.38 6.77 69.79 1.71

F2 H1 0.96 0.98 16.59 6.36 72.29 0.70

H2 2.02 1.21 15.14 6.69 67.39 2.16

H3 1.45 1.15 16.87 2.64 75.60 0.29

H4 1.43 0.29 17.42 2.72 76.58 0.39

H5 1.41 1.05 9.32 4.5 81.85 0.59

F3 H1 1.98 0.74 14.15 2.42 78.86 0.24

H2 1.20 0.88 12.61 2.72 81.58 0.31

H3 2..22 0.79 8.43 4.86 78.37 0.33

H4 1.15 0.99 20.80 2.07 74.48 0.50

H5 2.07 0.85 15.50 6.68 65.14 1.93

Table 6 Recovery percentages of fluazifop and pendimethalin

n = number of replicates

RSD = relative standard deviation

Herbicide Fortification 
levels (µg/g)
n = 5

% Mean recovery LOQ RSD 
%

Fluazifop‑p‑butyl 0.03–0.3 82.3 0.03 4.16

Pendimethalin 0.05–0.5 91.6 0.05 1.99 y = 504.66x + 59.021
R² = 0.9974
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Fig. 1 Calibration curve of fluazifop
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Fig. 2 Calibration curve of pendimethalin



Page 9 of 13Abdallah et al. Bull Natl Res Cent           (2021) 45:77  

Discussion
Effect of biofertilizers
The ongoing global research to exploit biofertilization 
as an alternative to chemical fertilization in medicinal 
and aromatic plants has been reported by many schol-
ars (Darzi et al. 2012; Talaei et al. 2014; El Naggar 2017; 
El-Serafy 2018; Rahimi et  al. 2019; El-Serafya and El-
Sheshtawy 2020). In the current study, the stimulating 
effect of N fixing bacteria (F2: 2:1:1) on fennel growth 
and fruit yield may be attributed to that the biofertilizer 
can directly enhance plant growth through increasing 
atmospheric nitrogen fixation, minerals solubilization, 
siderophores production that solubilize and seques-
ter iron, or realizing the plant growth regulators or due 
to phytohormones released by N-fixers such as IAA 
(Taghavi et  al. 2009) and GAs. These phytohormones 
enhance cell elongation, cell division and differentiation 
in plants (Cleland 1990; Hagen 1990). Umbels num-
ber per plant and fruit yield showed significant increase 
with biofertilization which could be attributed to nitro-
gen-fixing bacteria that can fix about 20–200 kg N  ha−1 
and promote plant growth and productivity by 10–50% 
(Bashan 1998). Also, it can indirectly affect plant growth 
by inducing of IBA and tryptophol (Lebuhn et  al. 1997; 
El-Khawas and Adachi 1999) or ameliorating growth 
restricting conditions either via production of antago-
nistic substances or induction of plant pathogens resist-
ance (Kloepper 1994). Moreover, results indicated that 
fennel oil content was improved with the treatment that 
was rich in nitrogen-fixing bacteria inoculation (F2). The 
improvement in fruit yield and oil content affected by 
nitrogen-fixing bacteria inoculation (F2) has been previ-
ously reported (Mahfouz and Sharaf Eldin 2007; Ghazal 
and Shahhat 2012). Application of nitrogen-fixing bac-
teria showed a reduction in estragole content and an 
increase in anethole content in fennel oil. Nitrogen fix-
ers supply plant requirements of nitrogen by slow releas-
ing during plant cycle (Sefidkon 2012). Nitrogen is so 
vital element for building chlorophyll, amino acids, pro-
teins, nucleic acids, enzymes and energy-transfer com-
pounds such as phenylalanine (the main amino acid for 
estragole “methyl chavicol” synthesis), hexokinase, eno-
lase, chorismate synthase, O-methyl transferase, pheny-
lalanine ammonia-lyase “PAL” and S-adenosylmethionine 
“SAM” enzymes and the co-enzymes ATP and NADPH 
which are involved in estragole synthesis (Yoshida 1969). 
The reduction in estragole content with biofertilization 
in relation to chemical fertilization has been reported in 
two fennel varieties: vulgare and azoricum (Ghazal and 
Shahhat 2012), anise (Hassan and Ali 2013) and basil 
(Sakr et  al. 2014; Mohamed et  al. 2016). Several stud-
ies have reported the positive effect of nitrogen-fixing 
bacteria inoculation on essential oil crops; Gad (2001) 

on fennel and dill; Badran and Safwat (2004) on fennel; 
Darzi et  al. (2012) on coriander; Talaei et  al. (2014) on 
fennel and other crops; Saxena et  al. (2013) and Talaat 
(2019) on bean.

Effect of herbicides
It is known that most of the medicinal plants are less 
competitive than weeds and suffer from heavy infestation 
of several annual weeds particularly during the early life 
stage due to fennel’s slow growth, a prolonged flower-
ing period and low harvest index (Hendawy et al. 2020). 
Weeds can cause 28.5% reduction in growth and yield of 
fennel (Hendawy et  al. 2020). Nevertheless, weed man-
agement in medicinal plants (fennel) seems to be more 
complicated compared to other crops. Limited informa-
tion regarding effects of herbicides (as the most supe-
rior and effective weed control method), on growth and 
development of medicinal plants is available. Chemical 
treatments have been studied with contrasting results, 
but an interference of herbicides with the metabolism of 
secondary products was found in some cases (Carrubba 
2017). Our results showed that postemergence herbicide, 
fluazifop reduced plant development after application. 
We observed (visually) that fennel seedlings were more 
sensitive to pendimethalin that fluazifop. The adverse 
effects of the pendimethalin (H3) on the growth of fennel 
plant were detected in the measured parameters. These 
results are reinforced with those achieved by Meena and 
Mehta (2009) on fennel. Similar observations on garlic 
were reported by Adam et al. (1996). The growth inhibi-
tion caused by the herbicide was, however, reflected on 
the productivity as yield component characteristics were 
markedly declined. Likewise, Kothari et  al. (2002) and 
Meena and Mehta (2009) had reported that pendimetha-
lin reduced yield components of fennel. In this respect, 
this reduction in fennel yield may be attributed to the dis-
turbance effects on the photosynthetic process due to the 
suppression of the biosynthesis of the photosynthetic pig-
ments and inhibiting respiration as well (Shabana et  al. 
1991; El-Awadi and Hassan 2011). Janmohammadi et al. 
(2017) also pointed out that trifluralin (chemically and 
actively similar herbicide to pendimethalin) had adverse 
effect on the growth and flowering of the aromatic plant, 
dragonhead (Dracocephalum moldavica). However, Star-
ratt and Lazarovits (1999) recorded an increase in the 
free amino acids in melon seedlings in response to expo-
sure to dinitroaniline herbicides (e.g., pendimethalin). In 
the present results, different observations were noted on 
the fennel plant, where a significant reduction observed 
in total protein content. In this connection, another dini-
troaniline herbicide, butralin caused remarkable reduc-
tion in protein, carbohydrate, leghaemoglobin and ureide 
in the nodule fraction of soybean (Mahmoud et al. 1996). 
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Yousefi and Rahimi (2014) and Zheljazkov (1998) stated 
that the preemergence application of linuron, trifluralin 
and pendimethalin did not inhibit germination and did 
not cause phytotoxic damage to fennel. In contrast, they 
stated that pendimethalin at reduced recommended rate 
produced consistently high fennel yields. In our results, 
it was observed a reduction in growth characters after 
application of fluazifop treatment alone (H4). In addi-
tion, the combination of the two herbicides showed the 
best values in all studied characteristics compared to the 
application of each one individually. Several researchers 
indicated that the herbicide combinations are more effec-
tive for weed control than individual herbicide applica-
tions. Application of herbicides may have a positive effect 
on growth and crop seed yield and its components (Soli-
man et  al. 2015). They found that pendimethalin/fluazi-
fop-p-butyl combined treatment increased oil content/
seeds in soybean, but not the protein. Singh et al. (2017) 
showed also that application of pre-mix pendimetha-
lin + postemergence herbicides gave higher green gram 
grain yields due to significant reduction in the dry weight 
of weeds and higher weed control efficiency and con-
sequently improving the yield attributing parameters. 
Additionally, herbicide treatments including both pen-
dimethalin and fluazifop recorded significantly higher 
nutrient uptake in groundnut as compared to unweeded 
control which helped the crop to grow in weed free 
environment and absorb more nutrients from the soil. 
This has resulted in increased dry matter production 
and growth per plant (Basavaraj et al. 2014). The use of 
herbicides for weed control in medicinal plants led to a 
90% reduction of the weed, and a 65% reduction of the 
manual work was needed for weed control (Pank et  al. 
1980; Hendawy et al. 2020). Similarly, Kumar and Tewari 
(2004) found that pendimethalin (1.0 and 1.25 kg  ha−1) as 
pre-emergence herbicide for grass and broadleaf weeds 
followed by fluazifop-p-butyl (0.250–0.375  kg   ha−l) as 
selective post-emergence grass herbicide, enhanced 
weed control spectrum resulting in increased black gram 
grain yield over sole application of each one due to low-
ered weeds’ density and dry weight. Same trends were 
obtained by Wilfred et  al. (2020) as they reported that 
pendimethalin + haloxyfop-P-methyl (chemically related 
and biologically similar to fluazifop) resulted in the best 
growth characteristics, yield components and yield of 
groundnut as an oilseed crop in Guinea Savannah. Has-
sanein et  al. (2002) pointed out that the application of 
pre + post-emergence herbicide in soybean significantly 
increased plant height, number of leaves, dry weight of 
leaves and total dry weight of plant and gave the highest 
weight of pods/plant, 100-seed weight and seed yield/
fed, compared with the unweeded treatment. On the 
other hand, slight phytotoxicity on fennel through all its 

growth stages was exhibited after application of herbi-
cides either alone or in sequentially. Pickett and Zheljaz-
kov (2017) pointed out that fluazifop showed potential 
for postemergence application with no phytotoxic dam-
age allowing use in fennel production. Regarding herbi-
cide residues dry seeds, it is unlikely to present a risk to 
consumer health. Our findings disagree with the previ-
ous study of Pickett and Zheljazkov (2017) on screening 
of preemergence and postemergence herbicides for weed 
control in dill (Anethum graveolens), fennel (Foeniculum 
vulgare), coriander (Coriandrum sativum) and basil (Oci-
mum basilicum). They noted that of the herbicides tested 
and based on the ratings for phytotoxic effects, etho-
fumesate, fluazifop-p-butyl, propyzamide and sethoxy-
dim showed potential for use in fennel production.

Interaction of biofertilizers and herbicides
Few reports in relation with herbicides interaction with 
biofertilizers in Egypt are presented. Herbicides are used 
in broad level in agriculture, but there is no enough avail-
able research on the interaction effect of microbial ferti-
lizers and herbicides. Herbicides not only have adverse 
effect on plant growth, but also may have influence on 
the interaction between symbiotic bacteria like rhizo-
bium and plant growth-promoting bacteria (Brock 1975). 
The reduction percent in fennel yield was observed with 
the application of herbicide under the treatment of F2 
which is rich in  N2 fixing bacterial strains (Azotobacter 
Croccuccum and Azospirillum brasilense) compared to F1 
or F3 which have less amount of  N2 fixing bacteria. This 
may be due to that herbicides can translate to everlasting 
changes in the soil microflora (Aleem et  al. 2003), pro-
ducing adverse effect on soil fertility and crop productiv-
ity, inhibiting nitrogen  (N2)-fixing bacteria (Sachin 2009) 
and interfering with ammonification (Reinhardt et  al. 
2008). This would ultimately lead to less available nitro-
gen required for fennel growth.

Herbicide residues in fennel seeds.
The presence of herbicides may alter the quality traits 
of crop essential oil conferring it an unwanted off-flavor 
(Rajeswara Rao et al. 2007). That would negatively affect 
the market end value of the herbal product and affect 
human health (Upadhyay et al. 2011). The application of 
pendimethalin and trifluralin resulted in below detect-
able limit residues (0.02  mg/kg) in celery seeds (Kaur 
and Gill 2012). No herbicide residues with ethalfluralin 
(belongs to pendimethalin group) were found in har-
vested thyme (Michaud et  al. 1993). Jazwa et  al. (2009) 
also pointed out that the residues of pendimethalin in 
ripe seeds did not exceed the average level of 0.005 mg/
kg. Our results in harmony with those above obtained as 
there were no detectable levels of both herbicides in dry 
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seeds. This may be attributed to the long period of crop 
growth of fennel. Consequently, pendimethalin got suffi-
cient time to degrade in the soil and plants following its 
application; this reduced bioavailability of pendimethalin 
in the fennel seeds, led to that no residues at the harvest 
time were determined. Additionally only half the recom-
mended rate was applied in our study, not the full rate. 
Regarding fluazifop-p-butyl, it is rapidly and completely 
metabolized within the plant to fluazifop acid two to four 
weeks following application (Balinova and Lalova 1992; 
Kulshrestha et  al. 1995; Sondhia 2014). The acid form 
takes longer to degrade, with residues remaining in the 
plant up to 45 days after treatment (Balinova and Lalova 
1992).

Conclusion
This study showed that regular hand weeding could 
be assigned as the best weed control measure since the 
higher yield and essential oil volume were harvested from 
plant grown under manual control. It also revealed that 
growth characters and seed yield were significantly influ-
enced by different levels of biofertilizers and herbicides. 
The treatment of biofertilizer at 2:1:1 (v/v/v) from the 
highly efficient bacterial strains of: atmospheric nitrogen 
fixation, phosphorous dissolving and potassium solubi-
lizing, respectively, combined with pendimethalin + flu-
azifop butyl presented the second best results after the 
hand weeded check. Although herbicides are effective 
tools for controlling weeds and can reduce time and 
costs associated with physical/manual weed removal, 
their application may affect the constituents of the oils in 
medicinal plant and should be applied with caution. Our 
results concluded that using proper level of biofertilizer 
in reference to increase the  N2 fixing bacteria combined 
with herbicide would increase the yield of fennel. How-
ever, further research is needed on other techniques and 
methods of integrated management options to achieve 
safer, economic and effective weed control in medicinal 
plants.
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