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German chamomile (Matricaria chamomilla L.) is a promising and easy to cultivate crop

under suitable nutrient supply conditions, but acidic soils of Indian western Himalayas

limit the availability of phosphorus to the plant and reduce flower production. Thus,

a field experiment was conducted for two consecutive seasons (2018–2019 and

2019–2020) to study the effect of phosphorus dynamics and biostimulant application

on the agro-morphological traits, essential oil (EO) yield, and chemical constituents of

German chamomile in the mid hills of the western Himalayan region. The experiment

consisted of 12 treatments, four phosphorus fertilizer levels (0, 30, 60 and 90 kg ha−1)

and three biostimulants levels (control, amino acid at 5mL L−1, and humic acid at 10mL

L−1). The experiment was replicated three times in a factorial complete randomized block

design (FRBD). Agro-morphological and yield characteristics were significantly higher in

phosphorus at 90 kg ha−1 and humic acid application compared to the control. Dry flower

and EO yield was 17.87 and 26.76% higher with the 90 kg ha−1 phosphorus application

while 2.45 and 5.79% higher in humic acid at 10mL L−1 compared to the control. The EO

constituents viz., chamazulene was 12.04 and 8.85% higher in phosphorus at 90 kg ha−1

and humic acid at 10mL L−1 application compared to the control. On the other hand,

α-bisabolol oxide B and α-bisabolol oxide A were decreased with increase in phosphorus

application. This study presents novel facts, elucidation, and explanation for farmers and

industrialists to produce German chamomile in acidic soils by integrating biostimulants

with phosphorus fertilization and getting maximum yield and quality EO.

Keywords: German chamomile, triple superphosphate, amino acid, humic acid, bisabolol oxide

INTRODUCTION

Medicinal and aromatic plants (MAPs) have served as the root of traditional medicine around the
world since time immemorial (Gurib-Fakim, 2006). They are used extensively in herbal medicines
and other sectors such as food, cosmetics, and perfumery (Zouaoui et al., 2020). German chamomile
(Matricaria chamomilla L.) is globally one of the important MAPs (family: Asteraceae) used in a
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diverse range of food, cosmetics, and perfumery sectors and
has been used traditionally as a herbal medicine for thousands
of years in Greece, Egypt, and Rome (Mann and Staba, 2002),
but the major confront in the agriculture system is to boost
crop production with a sustainable approach for short- and long
term-goal achievements (Fallah et al., 2020).

It is more regrettable that long-term continuous
disproportionate fertilizer application has reduced soil organic
matter and quality, thus declining agricultural production and
enhancing environmental pollution (Guo et al., 2010). Hence, all
the aforesaid issues have become significant concerns at present
(Chaudhry et al., 2009). The nutrient elements, viz., nitrogen (N)
and phosphorus (P) are particularly significant in MAPs, because
they are involved in the structures of the precursors in EO, and in
enzymes and energy-carrying molecules such as ATP (Dehsheikh
et al., 2020). Thus, the use of plant nutrients cannot be neglected,
but the source of these can be modified from chemical to organic
origin (derived from plant and animal wastes) to achieve the
sustainable agriculture goal (Fallah et al., 2018).

The soil pH values in the mid-hill Himalayan region range
from 4 to 6 (acidic) because of high rainfall and highly weathered
soils. In acidic soils, P becomes unavailable to plants as it
gets fixed in the soil by sesquioxides, eventually leading to P
deficiency. Thus, P becomes the most limiting nutrient in the
crop production system (Johan et al., 2021). The reduced level
of available P can adversely affect plant height, lateral plant
spread, flower number, flower size, biomass, pollen production,
etc. (Jiang et al., 2017). P is next to N in plant macronutrient
supply, and P fertilizers are primary sources that can be applied to
increase P availability to plant roots, thus enhancing crop growth,
development, and production. In flowering plants, P has a major
role in the flower development and reproduction stages (Kumar
et al., 2006). With German chamomile being a flowering plant, it
is imperative to study the effect of P on morphological and EO
quality traits. The application of a certain amount and type of
P fertilizer has a straight influence on the flowering, weight of
flowers, and EO yield of German chamomile (Omidbeygi, 1995).

Biostimulants are natural preparations (organic substances
and/or microorganisms) that increase plant nutrient utilization
efficiency and abiotic stress tolerance and improve crops’ quality
without causing adverse side effects (Rouphael et al., 2018).
They include humic and fulvic acids, salicylic acid, phenols,
amino acids, proteins, enzymes, and micronutrients (Jardin
Du, 2015). Humic acid is a hormone-like substance used for
plant nutrition and improves nutrient absorption and plant
growth (El-Gohary et al., 2019). It also has a positive effect
on cell membrane functions by biosynthesis of nucleic acids,
ion absorption, and respiration (Yang et al., 2004). Humic acid
improves plant hormones and responsiveness, because it inhibits
indole acetic acid oxidase activity, leading to increased IAA
hormone activity and encouraging plant growth (El-Gohary
et al., 2019). Other than this, among natural biostimulants,
amino acid-based biostimulants with high content of free amino
acids are prepared by enzymatic hydrolysis. Moreover, the
increase in customers’ consciousness regarding healthy products
favors the enhancement and significance of organic production,
and farmers are also keen on using natural stimulants to

improve crop quality (Drobek et al., 2019). Effects of the foliar
application of humic acid (De Hita et al., 2020) and amino
acids (Vassilev, 2016) were studied on some morphological,
physiological, and biochemical characteristics of cucumber
(Cucumis sativus L.) and sunflower (Helianthus annuus L.). There
is a dearth of information on German chamomile in response
to P and biostimulants from the high precipitation region of the
western Himalaya hence an attempt has been made to study the
effect of P and biostimulants on German chamomile.

MATERIALS AND METHODS

Experiment Site
A field experiment was conducted for 2 repeated years, during
2018–2020 in the experimental farm of CSIR-IHBT (Council
of Scientific and Industrial Research- Institute of Himalayan
Bioresource Technology), Palampur, Himachal Pradesh (HP),
India situated 1,325m above mean sea level (amsl) altitude
(32◦11

′

39"N latitude and 76◦56
′

51"E longitude). The climate
of the region was subtropical, and the soil was characterized
as clayey loam with acidic pH (5.34 ± 0.06), low in available
P, i.e., 5.3 ± 0.35 P2O5 kg ha−1, low organic carbon (0.28
± 0.03%), medium in available nitrogen (234.24 ± 2.01 kg
ha−1), and high in available potassium (292.09 ± 3.44 K2O
kg ha−1). Weather parameters, viz., minimum and maximum
temperature (◦C), relative humidity (RH%), and average
bright sunshine (BSS) hours during crop growth season, were
acquired from “Crop weather outlook”, an agro-meteorological
advisory (Anonymous, 2020) and are illustrated in Figure 1.
The maximum temperature (34◦C) was recorded in May
and the minimum temperature (2◦C) in December. During
2018–2019, mean RH was maximum (73%) in February and
minimum (33%) in May. The received total rainfall in German
chamomile growth season during 2018–2019 was 557mm,
with the maximum in February and the lowest in December,
while the received average daily BSS was 7 h. The maximum
(32◦C) and minimum (2◦C) temperatures were recorded in
May and February, respectively. Mean RH was maximum (81%)
in January and minimum (45%) in May. The received total
rainfall in German chamomile growth season during 2019–2020
was 803mm, with the maximum in March and the lowest in
February, while the received average daily BSS was 6 h. The
total precipitation of the region during crop growth duration
was lesser during the first growth year while it was higher in
the second growth year. Moreover, the precipitation during the
first growth year was higher in February (320mm), i.e., the
time period when plants were in the vegetative stage; while
during the second growth year, the precipitation was higher
from March to April (317mm), i.e., the period when plants
were blooming.

Factors and Experiment Details
The design used was a factorial randomized block design (FRBD)
with three replications under field conditions. The experiment
consists of 12 treatments with two factors, i.e., four phosphorus
(P2O5) fertilizer levels, viz., P1 0 kg ha−1 (control), P2 30 kg
ha−1, P3 60 kg ha−1, and P4 90 kg ha−1, and three biostimulant
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FIGURE 1 | Mean weather conditions during the crop growth seasons (A)

2018–2019 (Upper graph) and (B) 2019–2020 (Lower graph) at the

experimental cultivation site in Palampur, HP, India. BSS, bright sunshine hour;

RH, relative humidity.

levels, B1: control (distilled water), B2: amino acid at 5mL L−1

and B3: humic acid at 10mL L−1. Treatment combinations of
different levels of treatments factors were 12 allocated randomly
in each block replicated thrice in the prepared field. The
biostimulants are commercially available in the market under
the brand name Amino Booster G (the amino acid solution)
and V-Hume (the humic acid solution), the total phosphorus
content in the amino acid and the humic acid was 0.03 and 0.12%,
respectively; these were purchased for experiment execution.
Well-decomposed farmyard manure (FYM at 15 t ha−1) was
applied 2 months before seed sowing; for better uniformity
and distribution of plants in the field, the seeds were mixed
with sand. The seed sowing of accession I (α-bisabolol oxide
A-rich chemotype) was conducted in equidistant rows with a
spacing of 40 cm in each experimental plot (size: 4 × 2.25m).
During both crop-growing years, the recommended dose of
fertilizer (1/3 nitrogen and complete potassium) was given
through urea (N 46%) and muriate of potash (K2O) as pre-
sowing fertilization; the remaining N was applied during the
crop elongation and flower initiation stages in equal amounts.
The P fertilizer used in the experiment was triple super
phosphate (TSP) (CaH4P2O8) and mixed in the soil before
seed sowing. Biostimulants were applied by foliar application
by dissolving in distilled water, and concentrations of 5 and

10mL L−1 of the amino acid and humic acid, respectively,
were prepared. The concentrations of the biostimulants and
distilled water (control) were then sprayed before the flower
bud formation stage on the treated plants and the control
plants, respectively. As the flowering of German chamomile is
not synchronous, spraying of the treatments was carried out
fortnightly (after the first spray) from the end of the spring
season (March) to the summer season (May) during both years.
Weeding and irrigation procedures were carried out as per
crop requirement.

Plant Growth, Pigment, and Yield
Determination
Morphological features, viz., plant height (in cm) and numbers
of branches were recorded at crop harvest (full flowering) by
placing a quadrant (25 cm2) in two sites in the sampling
rows of each plot. Growth-contributing attributes such as
photosynthetic photon flux density (PPFD, in µmol−1s−1

m2) and leaf area index (LAI) were measured with an LI-
191R line quantum sensor (measures PAR) and Handheld
Laser LAI Meter CI-110/120 (CID, Bio-Science, United States),
respectively. The major flowering flush started from mid-
April to May; flower plucking was carried out with a 2-week
interval. The number of flowers was evaluated by placing
a quadrant (25 cm2) in two sites in the core region row
of the plot, and flower drying (up to constant weight) was
conducted at room temperature, i.e., 20 to 25◦C during April
and 25 to 30◦C during May; then, cumulative dry flower yield
was calculated. Fresh leaf samples (1 g) were taken, washed
with distilled water, homogenized with acetone (80%), and
centrifuged at 5,000 rpm for 5min, and the absorbance (OD)
of the supernatant was recorded at λ = 663, 646, and 470 nm
with a spectrophotometer (T90 + UV spectrophotometer;
PG instruments Ltd.) for chlorophyll (Chl a and Chl b)
and carotenoid determination. Chlorophyll (a and b) and
carotenoid (in mg g−1) content was determined (Lichtenthaler
and Buschmann, 2001).

Chl a= 12.21 OD663-2.81 OD646,
Chl b= 20.13 OD646-5.03 OD663, and
Carotenoids= (1,000 OD470-3.27 Chl a−104 Chl b)/229.

Identification and Determination of
Essential Oil Components
Fresh flowers were harvested from the net plot area of each
treatment, dried at room temperature, and hydrodistilled in
triplicates for 4 h in a Clevenger-type apparatus (European
Pharmacopoeia, 2007). EO content was calculated as volume
(in mL) of EO obtained per weight (in g) of flowers, and the
EO was dried with anhydrous sodium sulfate (Na2SO4). The
EO was then stored at 4◦C in a glass container before analysis.
EO yield was calculated by multiplying the EO content with
the specific gravity (0.92) of EO and total dry flower yield
of all the harvests. GC and GC/MS analyses were executed
in triplicates with a flame ionization detector (FID) on a
Shimadzu GC 2010 gas chromatograph and QP2010 (Shimadzu
Corp., Tokyo, Japan) fitted with an AOC 5000 auto-injector.
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TABLE 1 | Analysis of variance for effect of cropping year, phosphorus and biostimulant on growth and yield traits of M. chamomilla.

Sources of variations Df Plant height Number of

branches

Number of

flowers

Flower diameter

(cm)

Flower yield

(t ha−1)

Essential oil

yield (kg ha−1)

Year 1 NS NS ** ** ** **

Phosphorus 3 ** ** ** ** ** **

Biostimulant 2 ** ** ** ** ** **

Year × Phosphorus 3 NS ** NS NS ** **

Y × Biostimulant 2 NS NS NS NS * *

Phosphorus × Biostimulant 6 ** NS NS ** NS NS

Year × Phosphorus × Biostimulant 6 NS NS NS NS NS NS

* and ** represent significant relationship at p = 0.05 and p = 0.01, respectively. ns, not–significant; Df, degree of freedom.

TABLE 2 | Growing years, phosphorus and biostimulant application influences plant growth and yield contributing attributes in M. chamomilla at harvest.

Treatment Plant height (cm) Number of branches per plant PAR LAI

Growing years

2018–2019 75.46 22.36 575.81 3.10

2019–2020 74.62 22.25 571.81 2.92

SEm (±) 0.78 0.15 1.21 0.01

LSD (p = 0.05) NS NS 3.43 0.03

Phosphorus levels

Control 67.90 21.04 559.89 2.84

30 kg ha−1 70.74 21.78 574.22 2.97

60 kg ha−1 77.66 23.27 577.33 2.98

90 kg ha−1 83.87 23.13 583.78 3.24

SEm (±) 1.10 0.22 1.70 0.02

LSD (p = 0.05) 3.13 0.62 4.85 0.04

Biostimulants

Control (0mL L−1) 69.79 21.43 570.00 2.98

Amino acid (5mL L−1) 72.10 22.32 578.08 3.03

Humic acid (10mL L−1) 83.24 23.17 573.33 3.03

SEm (±) 0.95 0.19 1.48 0.01

LSD (p = 0.05) 2.71 0.53 4.20 0.04

SEm ±, standard error mean; LSD, least significant difference (p = 0.05); NS, not significant; PAR, photosynthetically active radiations; LAI, leaf area index.

The auto-injector consisted of a 30-m long ZB-5MS capillary
column with a 0.25-mm i.d. and a 0.25-µm thick film (SGE
International, Ringwood, Australia). Ten µL EO was dissolved
in 2mL of dichloromethane and auto-injected in split mode
with 2 µL volume. N (carrier gas) was used at a 1.05mL
min−1 flow rate; the temperature of the oven was maintained
at 70◦C for 3min and subsequently risen to 220◦C for 5min
at a rate of 4◦C min−1. The maintained temperature of the
injector was 220 ◦C while that of the detector was 250◦C. The
settings of temperature lineup, injection volume, and carrier
gas utilized to execute GC and GC/MS were similar to the
detailed procedure for Rosmarinus officinalis L. in Rathore
et al. (2022). To identify components from areas of GC peaks,
a series of hydrocarbons was used for retention index (RI)
determination without the use of any correction factor. EO
components were identified by matching the experimental
RIs with the RIs reported in the literature (Adams, 2017;
Rathore and Kumar, 2021). Moreover, the identification was

also conducted by comparing and matching the minimum mass
spectral fragmentation pattern of the components with the NIST
library (Stein, 2005).

Statistical Analysis
Once the morphological and chemical composition
evaluation was completed, data were analyzed with the
analysis of variance (ANOVA) technique for factorial
RBD. Least significant testing was completed by Fisher’s
least significant difference (LSD) test and regarded as
statistically significant at p = 0.05. Analysis of variance for
effect of cropping year, phosphorus and biostimulant on
growth and yield traits of M. chamomilla was also studied
(Table 1). EO constituents were subjected to multivariate
principal component analysis to determine the expression of
treatments in EO constituents with software (PCA software
PAST 3).
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FIGURE 2 | Growing years, phosphorus and biostimulant application affected the chlorophyll and carotenoids (mg g−1) concentration at harvest in M. chamomilla.

FIGURE 3 | Growing years and phosphorus and biostimulant application affected root length (in cm) and root volume (in cm3 ) at harvest in M. chamomilla.

RESULTS

Plant Growth and Pigment Investigation
At harvest, plant growth attributes, viz., plant height and number
of branches per plant, were not significantly affected by growth
years, but photosynthetically active radiation (PAR) (575.81µ

mol s−1 m−1) and LAI (3.1) were significantly higher during
2018–2019 than during 2019–2020 (Table 2). Significantly higher
concentrations of Chl a and Chl b were recorded during 2019–
2020; while carotenoids were not significantly affected by the
growing years (Figure 2). Similarly, significantly higher plant
height (83.8 cm), PAR (583.78µ mol s−1 m−1), and LAI (3.24)
were recorded in P at 90 kg ha−1 compared with the control,
while the number of branches was significantly higher in P
at 60 kg ha−1 compared with the control but remained at par

with 90 kg ha−1 P application (Table 2). Likewise, Chl a was
significantly higher in P at 90 kg ha−1 as compared to the
control, while Chl b and carotenoids were significantly higher

in the P at 60 and 30 kg ha−1 applications as compared to the

control (Figure 2). Significantly higher plant height (83.24 cm)

and number of branches per plant (23.17) were recorded in the

humic acid application compared to the control. PAR (µ mol s−1

m−1) accumulation was measured as difference in PAR above

plant canopy and below plant canopy; usually much flourished

plant canopies contribute to more PAR accumulation by plants.

The PAR (578.08µ mol s−1 m−1) accumulation by the plants
was significantly higher in the amino acid compared to the
other biostimulant applications, and LAI (3.03) was significantly
higher in the humic acid application compared to control the
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but remained at par with the amino acid application (Table 2).
The concentration of Chl a (7.7) and carotenoids (1.87) was
significantly higher in the control than in other biostimulant
treatments, while Chl a was significantly higher in the amino acid
application (Figure 2).

The application of biostimulants significantly affected PAR
and LAI. Significantly higher PAR (578.08µ mol s−1 m−1)
was recorded in the amino acid than in the humic acid and
control, while LAI (3.03) was significantly higher in the humic
acid application than in the control but remained at par with
the amino acid application (Table 2). In the crop harvest stage,
root length and root volume were significantly affected by the
growing years and P and biostimulant applications (Figure 3).
Significantly higher root length (8.93 cm) and root volume (4.03
cm3) were recorded in 2018–2019 than in 2019–2020. Likewise,
P at 90 kg ha−1 and humic acid recorded significantly higher
root length (10.38 cm) and root volume (5 cm3) than the control
(Figure 3).

Yield Attributes, Essential Oil (EO) Content,
and Yield
At crop harvest, the number of flowers per plant (71.56), dry
flower weight (6.8 g plant−1), flower diameter (2.29 cm), disc
floret height (89.69mm), dry flower yield (2.46 t ha−1), EO
content (0.79%), EO yield (17.59 kg ha−1) were significantly
higher during 2019–2020, while the number of ray florets was not
significantly affected by the crop-growing years (Table 3). The
number of flowers per plant (75.24), flower diameter (2.3 cm),
disc floret height (92.33mm), and dry flower yield (2.63 t ha−1),
EO yield (19.17 kg ha−1) were significantly higher in P at 90 kg
ha−1 than in the control. Similarly, dry flower weight (7.05 g
plant−1) and EO content (0.81%) were significantly higher in P at
90 kg ha−1 but remained at par with the 60 kg ha−1 P application.
Likewise, the number of ray florets was also significantly higher in
P at 90 kg ha−1 than in the control but remained at par with the 60
and 30 kg ha−1 P applications. The application of biostimulants
significantly affected the yield attributes. The foliar application
of humic acid recorded a significantly higher number of flowers
(71.3), dry flower weight (6.72 g plant−1), and EO yield (17.25 kg
ha−1) than the amino acid and control. Similarly, dry flower yield
and EO yield were also significantly higher in humic acid than in
the control but remained at par with the amino acid application,
while flower diameter was significantly higher in the amino acid
but remained at par with the humic acid application (Table 3).

Regression and Correlation Analysis
Regression equations were illustrated among the independent
variables, i.e., P and biostimulant applications, and dependent
variables, i.e., flower yield and EO yield (Figure 4). The flower
and EO yields in German chamomile increased with increase in
P application, and the highest yield was observed at 90 kg P ha−1.
The application of P developed a strong linear relationship with
flower yield and EO yield using equations y = 2.172 + 0.005x,
(r2 = 0.979) and y = 14.07 + 0.06x, (r2 = 0.972) at P = 0.01),
respectively (Figure 4A). The application of P from 0 to 30 kg
ha−1 and from 30 to 60 kg ha−1 recorded a considerable increase
in flower yield and EO yield, but this increase was much slighter

FIGURE 4 | Regression equation between independent variable, (A) levels of

phosphorus (upper graph) and (B) biostimulant and dependent variables

(lower graph) i.e., total flower yield (in kg ha−1) and essential oil yield (in kg

ha−1). The levels of phosphorus and biostimulants are represented in the

primary X axis. Total essential oil yield and flower yield are presented in the

primary Y axis and secondary Y axis, respectively.

from 60 to 90 kg ha−1 P application. Similarly, flower yield and
EO yield increased with the application of the biostimulants
and developed a strong relationship, i.e. y = 2.385 + 0.006x,
(r2 = 0.925) and y = 16.27 + 0.099x, (r2 = 0.995) respectively
(Figure 4B).

The correlation matrix recorded a significant (P = 0.01)
correlation of EO yield with number of branches (r = 0.73),
number of flowers (r = 0.97), flower diameter (r = 0.84),
flower yield (in t ha−1) (r = 0.97), EO content (r = 0.96) and
a significant correlation with plant height (cm) (r = 0.69) at
P = 0.05 significance level (Figure 5). Similarly, EO content
recorded a significant (P = 0.01) correlation with number of
branches (r = 0.91), number of flowers (r = 0.91), flower
diameter (cm) (r = 0.91), and flower yield (t ha−1) (r =

0.88), and showed a significant (P = 0.05) correlation with
plant height (r = 0.62). Also, flower yield showed a significant
(P = 0.01) correlation with number of branches (r = 0.75),
number of flowers (r = 0.96), and flower diameter (cm) (r
= 0.77). Moreover, a significant (P = 0.01) correlation was
observed between flower diameter and number of flowers (r =
0.82), while a positive correlation was observed with number
of branches (r = 0.5) and plant height (r = 0.43). Number
of flowers showed a significant correlation with number of
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TABLE 3 | Growing years, phosphorus and biostimulant application influences yield attributes and yield in M. chamomilla at crop harvest.

Treatment Number of

flowers

Dry flower

weight (g

plant−1)

Flower

diameter

(cm)

Number of

ray florets

per flower

Disc floret

height (mm)

per flower

Dry flower

yield (t ha−1)

E. oil

content (%)

E. oil yield

(kg ha−1)

Growing years

2018–2019 67.63 6.26 2.12 22.94 88.31 2.38 0.74 15.96

2019–2020 71.56 6.80 2.29 22.72 89.69 2.46 0.79 17.59

SEm (±) 0.40 0.03 0.01 0.19 0.18 0.00 0.00 0.07

LSD (p = 0.05) 1.15 0.10 0.02 NS 0.52 0.01 0.01 0.21

Phosphorus levels

Control 62.49 5.85 2.09 21.56 82.22 2.16 0.72 14.04

30 kg ha−1 67.02 6.30 2.19 23.00 89.89 2.34 0.74 15.63

60 kg ha−1 73.62 6.93 2.25 23.11 91.56 2.54 0.80 18.23

90 kg ha−1 75.24 7.05 2.30 23.67 92.33 2.63 0.81 19.17

SEm (±) 0.57 0.05 0.01 0.26 0.26 0.01 0.00 0.10

LSD (p = 0.05) 1.63 0.14 0.03 0.75 0.74 0.02 0.01 0.29

Biostimulants

Control (0mL L−1) 67.82 6.36 2.17 22.46 89.17 2.38 0.75 16.25

Amino acid (5mL L−1) 69.66 6.52 2.24 22.96 88.67 2.43 0.77 16.81

Humic acid (10mL L−1) 71.30 6.72 2.21 23.08 89.17 2.44 0.78 17.25

SEm (±) 0.50 0.04 0.01 0.23 0.23 0.00 0.00 0.09

LSD (p = 0.05) 1.41 0.12 0.03 NS NS 0.01 0.01 0.25

SEm ±, standard error mean; LSD, least significant difference (p = 0.05); NS, not significant.

branches (r = 0.8), and number of branches further showed a
significant correlation with plant height (r= 0.75) at the P= 0.01
significance level.

Determination of Essential Oil Components
The major EO constituents (more than 5% area) in EO
were (Z)-β-farnesene, germacrecene D, α-bisabolol oxide B,
bisabolone oxide A, α-bisabolol oxide A, and en-in-dicycloether,
while artemisia ketone and chamazulene were reported as
minor constituents (>2% area contribution) (Table 4). The
concentration of (Z)-β-farnesene, germacrecene D, and en-in-
dicycloether was significantly higher in 2019–2020, while that
of α-bisabolol oxide B, bisabolone oxide A, chamazulene, and
α-bisabolol oxide A was significantly higher in 2018–2019.
Likewise, the application of biostimulants recorded a significantly
higher concentration of (Z)-β-farnesene and germacrecene D
with the 30 kg ha−1 P application, while α-bisabolol oxide
B and α-bisabolol oxide A were significantly higher in the
control. On the other hand, chamazulene and en-in-dicycloether
were significantly higher with the 90 kg ha−1 P application
compared to the other P levels. Similarly, the application of
biostimulants significantly affected the EO constituents and
recorded significantly higher (Z)-β-farnesene, germacrecene D,
chamazulene, α-bisabolol oxide A, and en-in-dicycloether in the
humic acid application than the amino acid and control. On the
other hand, α-bisabolol oxide B and bisabolone oxide A were
significantly higher in the control and amino acid applications
than the other treatments while later remaining at par with the
control (Table 4).

Principal Component Analysis (PCA)
The dependent variables such as flower yield (t ha−1) and EO
yield (kg ha−1) andmajor EO constituents, viz., α-bisabolol oxide
B, bisabolone oxide A, chamazulene, α-bisabolol oxide A, and
en-in-dicycloether were subjected to principal component (PC)
analysis to discover the relationship between growing years and
the P and biostimulant applications (Figure 6). The PC analysis
revealed that 80.62% of the total variations were explained
by PC1 and PC2. Among all the variables, flower yield, EO
yield, bisabolone oxide A, chamazulene, and en-in-dicycloether
showed a positive association, while α-bisabolol oxide B and
bisabolol oxide A showed a negative association in PC1. Similarly,
in PC2, flower yield, EO yield, α-bisabolol oxide B, bisabolone
oxide A, chamazulene, and bisabolol oxide A showed a positive
association, while only en-in-dicycloether showed a negative
association. The analysis through PC separated the P3, P4
(phosphorus levels), and B2 (amino acid application) treatments
in PC1 and PC2 by showing a positive contribution in PCs,
flower yield, EO yield, bisabolone oxide A, and chamazulene.
The findings of the present study showed that the first three
PCs were extremely informative, with eigen values of 3.8,
1.9, and 0.8 and thus contributed about 92% of the overall
variance of the dependent variables. The observed score plot
could be divided into six distinct clusters (Figure 6). Cluster
I included treatments, viz., P3 and P4; cluster II included B2
and B3; cluster V included B1 and P2; clusters III, IV, and
VI corresponded to 2019–2020, P1, and 2018–2019 treatments,
respectively. Cluster I included higher ranges of flower yield
(2.54–2.63 t ha−1), EO yield (18.23–19.17 kg ha −1), and en-
in-dicycloether (8.39–9.36%) in P3 and P4 phosphorus levels.
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FIGURE 5 | Correlation analysis of growth and yield parameters. PH, plant height; NB, number of branches; NF, number of flowers; FD, flower diameter (in cm); FY,

dry flower yield (in t ha−1); EOC, essential oil content (in %); EOY: essential oil yield. The mean values of the 2-year pooled data of the corresponding treatments are

used; * and ** indicate that the corresponding values are significant at p = 0.05 and p = 0.01, respectively.

Cluster II comprised the lowest bisabolone oxide A (11.1–
12.37%) and intermediate ranges of flower yield (2.43–2.44 t
ha−1) and EO yield (16.81–17.25 kg ha−1) in B2 and B3
biostimulant applications. Additionally, cluster II included the
11.49–11.73, 2.67–2.71, 41.67–42.29, and 7.87–8.35 ranges of
α-bisabolol oxide B, chamazulene, bisabolol oxide A, and
en-in-dicycloether, respectively. Cluster III included a single
treatment level, i.e., the 2019–2020 growing year of the crop,
which consisted of the lowest α-bisabolol oxide B (10.02%)
and bisabolone oxide A (11.33%) range and the highest en-in-
dicycloether (11.9%) concentration. Similarly, cluster IV again
comprised of a single treatment level, i.e., P1 (no phosphorus
application) with the lowest flower yield (2.16 t ha−1), EO
yield (14.04 kg ha−1), and chamazulene (2.41%) and the highest

bisabolol oxide A (44.77%) and intermediate range of en-in-

dicycloether (6.06%) concentration. Cluster V included B1 and

P2 levels of the biostimulant and P applications; flower yield,

bisabolone oxide A, and bisabolol oxide A had the lowest

range, i.e., 2.34–2.38 t ha−1, 11.15–12.23%, and 39.98–41.42%

in cluster V. Cluster VI included a single treatment level,

i.e., the 2018–2019 growing year of the crop that consisted
of the highest ranges of α-bisabolol oxide B (13.91 %) and

chamazulene (2.76%), and the lowest range of flower yield
(2.38 t ha−1) and en-in-dicycloether (3.19%) was observed. In
the end, a significant disparity in flower yield and EO yield was

recorded in the different growing years and P and biostimulant

applications under the open field conditions of western
Himalayan foothills (Table 5).

DISCUSSION

Plant Growth and Pigment Investigation
The use and integration of plant biostimulants with fertilizers
are increasing in traditional agriculture systems with an aim to
enhance crop production. PAR accumulation, LAI, root length,
and root volume were significantly affected by crop growth years,
and variations can be attributed to diverse climatic conditions
during crop growth years. The PAR at harvest was higher
during the first growing year, which might be because of lesser
precipitation during harvest months, i.e., end of March to
mid-May on meteorological standard weeks (MSWs) 13 to 20
(Figure 1A) during the first growth year, while precipitation was
higher at harvesting time in the second growing year onMSWs 13
to 20 (Figure 1B). Similarly, during the first crop-growing year,
the higher LAI can be synchronized with lesser precipitation and
higher solar radiation in terms of BSS, while higher precipitation
and lesser BSS in the second crop growing year contributed to
lesser LAI (Figure 1). Similar findings with higher PAR and LAI
were reported in lower cloud cover and higher solar radiation
in forest crop species of the Amazon forest (Li et al., 2018).
The higher root attributes in the first growing year might be
attributed to lesser average precipitation in the crop growing
period, because enhanced root growth can be inferred as an
adaptive strategy to deal with lower water availability due to lesser
precipitation during growing season by increasing absorptive
root surface (Metcalfe et al., 2008). Similar to the present findings,
the production of roots in Artemisia barrelieri Besser increased
with a 30% rainfall reduction (Padilla et al., 2015). In contrast
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TABLE 4 | Growing years, phosphorus and biostimulant application influences essential oil composition in M. chamomilla.
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2018–2019 0.18 2.64 0.79 5.87 0.79 1.56 0.91 0.97 0.95 13.91 12.47 2.76 42.99 3.19

2019–2020 0.94 2.95 0.52 8.22 8.22 0.96 0.50 0.45 0.62 10.02 11.33 2.47 40.59 11.90

SEm (±) 0.18 0.06 0.02 0.08 0.04 0.02 0.03 0.04 0.04 0.08 0.09 0.04 0.14 0.09

LSD (p = 0.05) 0.50 0.16 0.06 0.24 0.11 0.05 0.07 0.12 0.12 0.21 0.25 0.10 0.39 0.26

Phosphorus levels

Control 0.41 2.47 0.54 6.72 4.90 1.05 0.70 0.54 0.77 13.26 11.60 2.41 44.77 6.06

30 kg ha−1 1.10 3.64 0.59 8.71 5.16 1.14 0.85 0.64 0.98 11.72 11.15 2.67 39.98 6.36

60 kg ha−1 0.46 2.51 0.85 5.81 3.90 1.74 0.74 0.72 0.76 11.45 12.75 2.66 41.40 8.39

90 kg ha−1 0.28 2.58 0.65 6.94 4.07 1.13 0.53 0.95 0.63 11.42 12.12 2.74 41.01 9.36
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Biostimulants
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Amino acid (5mL L−1) 0.44 2.68 0.85 6.61 4.37 1.60 0.76 0.70 0.78 11.49 12.37 2.67 41.67 7.87
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SEm(±) 0.22 0.07 0.03 0.10 0.05 0.02 0.03 0.05 0.05 0.09 0.11 0.04 0.17 0.11

LSD (p = 0.05) NS 0.19 0.08 0.29 0.13 0.06 0.09 NS NS 0.26 0.31 0.13 0.47 0.32

SEm ±, standard error mean; LSD, least significant difference (p = 0.05); NS, not significant.
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FIGURE 6 | The multivariate analyses of mean value of growth parameters, yield and major compounds of essential oil were conducted through principal component

analysis. PC1 and PC2 jointly explained the variations of 80.62%. The loading values of variables and treatment combinations are presented as vectors in the space of

the PCA. The eigenvalues and loading scores of the variables with PC1 and PC2 are presented in the bottom left and right corner, respectively. FY, dry flower yield (t

ha−1); EOY, essential oil yield (Kg ha−1); α-B oxide B, α-bisabolol oxide B; BN oxide A, bisabolone oxide A; Ch, chamazulene; B oxide A, bisabolol oxide A; En,

en-in-dicycloether.

TABLE 5 | Clusters variability in dependent variables in M. chamomilla affected by growing years, phosphorus and biostimulant application.

Variables Cluster I Cluster II Cluster III Cluster IV Cluster V Cluster VI

Flower yield 2.54–2.63 2.43–2.44 2.46 2.16 2.34–2.38 2.38

Essential oil yield 18.23–19.17 16.81–17.25 17.59 14.04 15.63–16.25 15.96

α-bisabolol oxide B 11.42–11.45 11.49–11.73 10.02 13.26 11.72–12.67 13.91

Bisabolone oxide A 12.12–12.75 11.10–12.37 11.33 11.60 11.15–12.23 12.47

Chamazulene 2.66–2.74 2.67–2.71 2.47 2.41 2.47–2.67 2.76

Bisabolol oxide A 41.01–41.40 41.67–42.29 40.59 44.77 39.98–41.42 42.99

En-in-dicycloether 8.39–9.36 7.87–8.35 11.90 6.06 6.36–6.42 3.19

to the present findings, precipitation has no significant effect
on root length and biomass allocation in Erodium oxyrhynchum
M.Bieb. (Chen et al., 2019), while Cheng et al. (2006) reported
an increase in root length as moisture in soil profile increased.
The application of P at 90 kg ha−1 remained at par with 60 kg
P ha−1 and recorded significantly higher plant height, number
of branches, PAR, and LAI. This may be because of the fact
that the soil of the experimental plot was acidic, and that

the amount of P in the soil was very low, hence making it
unavailable for root uptake and contributed to low plant height
and number of branches in the control plots compared with the
P-applied plots (Zheng, 2010). The findings are in accordance
with Sonmez (2018), who reported higher plant height in P
application than control in anise (Pimpinella anisum L.). Erbas
et al. (2017) also recorded significantly higher plant growth
with the application of 100 kg P ha−1 in lavandin. On the
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contrary, the P application did not significantly affect plant
height and number of branches in rose geranium (Pelargonium
graveolens L.) (Sedibe andAllemann, 2012). Similar to the present
findings, P application increased the chlorophyll content in basil
(Ramezani et al., 2009) and African marigold (Rathore et al.,
1985) and the LAI (Maurya, 1989) in coriander genotypes.
Similarly, the application of monopotassium phosphate at 0 to 3 g
L−1 in Rosa multiflora Thunb. increased leaf chlorophyll content,
root dry weight, total root length, fine root length, and surface
area (Ma et al., 2021). P application increased root length and
root volume, which corroborates the finding in wheat, where
increased availability of P due to application of biochar increased
root length by 1.4–1.8 times (Song et al., 2020). Likewise, the
application of humic acid (75mg kg−1) and P fertilizer (120mg
P2O5 kg−1 air-dried soil) in corn recorded higher root volume
and other root attributes compared with the control (Purwanto
et al., 2021).

A significant influence of biostimulants on agromorphological
characteristics was observed, which is comparable to previous
studies on lavandin (Erbas et al., 2017), garden thyme (Thymus
vulgaris L.) (Kwiatkowski et al., 2020), and German chamomile
(Mazrou et al., 2021). Similar to the present findings, increased
plant height and number of branches in Dutch fennel
(Foeniculum vulgare Mill.) (Mohamed, 2020) and increased
photosynthetic pigments and LAI in basil (Amer et al.,
2021) by foliar application of humic acid were observed. The
beneficial influence of applying biostimulants on chlorophyll
was due to their capacity to provide components, viz., betaines,
phytohormones, polymers, and nutrients; thus, their synergetic
action enhances endogenous cytokinins synthesis, which
produced a protective effect on chloroplast (Zavaleta-Mancera
et al., 2007) and, accordingly, affected the chlorophyll content.

Yield Attributes and Essential Oil Content
and Yield
The crop growth years influenced the yield attributes, which
were significantly higher in the second growing year. This might
be because of better accumulation of photosynthetically active
radiation, which was correlated to improved growth in the
second growth year and increased yield attributes. The yield
attributes, viz., number of flowers, dry weight of flower, and
flower diameter, were higher in the second crop growth year
because of favorable prevailing weather conditions with reference
to precipitation. The precipitation was higher during the second
year between March to April, (Figure 1B) when plants were
in the full flowering stages compared to first year when there
was a considerable decrease in rainfall during the same period
(Figure 1A), which reduced flowering attributes. The favorable
precipitation condition in the 2nd year contributed positively
to plant yield attributes, as the roots of German chamomile are
shallow and capable of taking water from soil when precipitation
is higher. At the same time, during the dry spell of the 1st growing
year, there was less water absorption that eventually decreased
the plant yield attributes. Similar to the present findings, higher
rainfall contributed to more flower yield in chamomile in a
typical Mediterranean climate with hot, dry summers and cold,

humid winters (Guo et al., 2010). The yield attributes, viz.,
number of flowers per plant, flower diameter, disc floret height,
dry flower yield, and EO yield, were significantly higher with P
at 90 kg ha−1 that with the control. The higher yield attributes
with P application were due to P’s involvement in the floral
structure development (Ma et al., 2001) of German chamomile,
and similar improvement in floral characteristics was reported
in lavandin (Lavandula × intermedia Emeric ex Loisel.) (Erbas
et al., 2017), Calendula officinalis (Steward and Lovett-Doust,
2003), Rosa multiflora (Ma et al., 2021), and Pimpinella anisum
(Meena et al., 2015). The highest dry flower and EO yields were
produced with 90 kg ha−1 of P application (Table 3), because P
influences several metabolic measures such as photosynthesis,
chlorophyll content, carbohydrate, protein, and oil syntheses,
thus contributing in EO yield increase (Erbas et al., 2017).
Corroborating the current findings, P application increased the
yield attributes, viz., seeds number per umbel, 1,000-seed weight,
seed yield, and EO content in anise (Pimpinella anisum L.)
(Sonmez, 2018), and EO yield in German chamomile with 150 kg
ha−1 of phosphate fertilizer (TSP) with zinc application (Jeshni
et al., 2015). On the contrary, the application of higher doses of P
fertilizer (300 kg ha−1) showed a negative influence on German
chamomile yield because the higher P application induced Zn
deficiency in soil, thus creating an imbalance of nutrient supply
(Jeshni et al., 2015). Moreover, the application of other nutrient
fertilizers like N (Emongor and Chweya, 1992; Guo et al.,
2010) also affected the performance of German chamomile. The
application of NPK at 100:60:40 kg ha−1 recorded the highest
growth and yield attributes of German chamomile (Gandomi
et al., 2021). The application of NPK at 100:60:40 kg ha−1

recorded the highest growth and yield attributes of German
chamomile (Upadhyay et al., 2016). Likewise, the application
of micronutrients, i.e., zinc fertilizer (ZnSO4H2O) at 30 kg
ha−1 and irrigation at 50% of field capacity, improved the
EO yield and EO components of German chamomile (Jeshni
et al., 2015). Additionally, the application of N fertilizer and
the cultivation of legume stubble catch crops improved the
performance of German chamomile. The cultivation of Dukat
(Anethum graveolens L.) decreases fertilizer rate from 90 to
60 kg N ha−1 without decreasing anthodium yield. EO yield was
highest after applying 60 kg N ha−1 (Andrzejewska andWoropaj-
Janczak, 2014). In the present findings, biostimulant application
significantly increased yield attributes, i.e., number of flowers,
dry flower weight, and EO yield. Previous studies on humic
acid influence were related to increased nutrient absorption
and translocation, which facilitated the stimulation of plasma
membrane H+-ATPases by transferring released free energy
by ATP hydrolysis, thus generating electrochemical potential
through the membrane and supplied nutrients (Jardin Du, 2015).
Additionally, the ATPase membrane pump causes cell wall
loosening and elongation, and expansion of cells, resulting in
increased growth and chlorophyll content in plants (Abdelgawad
et al., 2020). Moreover, humic acid is also known to induce
modifications in gene expression and metabolites (primary and
secondary) of plants (Baia, D. C., et al., 2020), which are involved
in a variety of physiological processes (such as photosynthesis,
metabolism, and Krebs cycle) (Carletti et al., 2018; Sofi et al.,
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2018). In ajowan, the application of humic acid with a chemical
fertilizer recorded the highest EO content and main chemical
constituents including thymol and p-cymene content (Chiyaneh
et al., 2022). The increase in EO yield in German chamomile
by the humic acid application may be due to stimulation of
metabolic reactions and some enzymatic responses which are
accountable for biosynthesis of EO and its constituents (Burbott
and Loomis, 1969). Additionally, humic acid is a hormone-
like substance and increases the levels of other internal plant
hormones, viz., auxin, cytokinin, and gibberellin, which stimulate
the division and elongation of plants cells (Abdel-Mawgoud et al.,
2007) and improve plant growth (Abdel-Mawgoud et al., 2007).
Applying supplementary biostimulants through amino acids
facilitates the defense mechanisms in plants, prevents water loss,
stimulates photosynthesis, determines metabolic processes’ pace
and path, and regulates internal enzymes and hormones (Kocira
et al., 2015), which might have contributed to the improved
characteristics of German chamomile compared to the control.

Determination of Essential Oil Components
The crop growing years also showed a significant effect on EO
constituents where (Z)-β-farnesene, germacrecene D, and en-in-
dicycloether were higher in 2019–2020, while α- bisabolol oxide
B, bisabolone oxide A, chamazulene, and α-bisabolol oxide A
were higher in 2018–2019. In the present findings, α-bisabolol
oxide A was the major EO constituent, followed by α-bisabolol
oxide B and (Z)-β-farnesene in both growing years, which was
in accordance with previous reports on German chamomile
(Sharafzadeh and Alizadeh, 2011). During both years, some
quantitative and qualitative differences in some components (α-
bisabolol oxide A, α-bisabolol oxide B, and (Z)-β-farnesene)
were observed, but the components did not lose their main
characteristic, that is, richness. Even the concentrations of
the three main components significantly differed according to
variations in the weather parameters of both years but were close
to each other. Similar to the present findings, a wide range of
variability was observed in quality traits of fennel during growing
years, as the studied traits might be influenced by environmental
conditions (Lal, 2008). The EO production in aromatic cropsmay
be influenced in a positive or negative manner by the amount
and type of fertilizers (Ramezani et al., 2009; Said-Al Ahl et al.,
2016). Similarly, P fertilization affected the composition of EO
differently in lavender (Chrysargyris et al., 2016) and fennel
(Foeniculum vulgare Mill.) (Kapoor et al., 2004), but there was
no effect on sage (Salvia officinalis L.) (Rioba et al., 2015) and
sweet basil (Chimura et al., 1993). In the present study, the
major EO constituents were (Z)-β-farnesene, germacrecene D, α-
bisabolol oxide B, bisabolone oxide A, α-bisabolol oxide A, and
en-in-dicycloether, while artemisia ketone and chamazulene were
reported as minor constituents. Earlier studies had also reported
a similar EO profile of German chamomile with bisabolol oxide
A as a major EO constituent (Orav et al., 2010; Can et al., 2012).

The EO composition of German chamomile in the present
findings was in accordance with the standard ISO 19332:2008,
which described α-bisabolol oxide A as 35–50% and chamazulene
as 2–5% compound concentration in the EO supply. In aromatic
crops, P is the primary macronutrient of plants and has an

imperative function in the synthesis and assimilation of EO,
where farnesyl pyrophosphate (FPP) is compressed to geranyle
diphosphate (GPP) and linalool diphosphate, which are the
precursor compounds of EO production (Sangwan et al., 2001).
In the present study, the application of P at 90 kg ha−1 recorded
significantly higher chamazulene and en-in-dicycloether, which
is similar to the finding of Mikhak et al. (2017). On the other
hand, chamazulene content was higher in the control plots (no
phosphorus) but lower in the P treatments (Ubessi et al., 2021).
Similar to the present findings, higher α- bisabolol oxide B and
α-bisabolol oxide A content in control was also reported by
Ubessi et al. (2021), while increase in α- bisabolol oxide B and
α-bisabolol oxide A content was recorded with increase in P
applications (Karami et al., 2006; Jeshni et al., 2015). According
to the European Pharmacopoeia, there are two types of EO, one is
rich in bisabolol oxides (between 29 and 81%) and the other in α-
bisabolol (between 10 and 65%). Similarly, the EO constituents,
viz., (Z)-β-farnesene, germacrecene D, chamazulene, α-bisabolol
oxide A, and en-in-dicycloether were significantly higher in the
humic acid application, while α-bisabolol oxide B and bisabolone
oxide A were significantly higher in the control and amino
acid applications. Comparable to the present findings, earlier
studies also recorded variations in the chemical constituent
profile of chamazulene and bisabolol contents with application
of biostimulants, viz., salicylic acid (Ghasemi et al., 2016; Rathore
and Kumar, 2021), in German chamomile. Moreover, the use
of certain biostimulants such as humic acid, glycyrrhizic acids,
salicylic acid, and their nanocomplexes in basil (O. basilicum
L.) influences the biochemical attributes (Amer et al., 2021).
These biostimulants may change the secondary metabolites’
pathway, affect the plastid and chlorophyll levels and tolerance
to stress conditions, and ultimately result in manipulation of
the quantity and quality of EO (Ahmed, A. M., 2014). Humic
acid improves nutrient accessibility for plants and is essential
for the development and division of glandular trichomes,
secretory ducts, and EO channels (Salehi et al., 2019). Moreover,
the application of a biostimulant may be related to nutrient
availability, and its direct role in plants by foliar application
enhances the photosynthetic activity of enzymes and precursors
of EOs, counting isoprenes, and phenylpropanes (Rehman et al.,
2016). Rezaei-Chiyaneh et al. (2021) reported that biostimulant
application in aromatic crops, viz., black cumin (Nigella sativa
L.) and fenugreek (Trigonella foenum-graecum L.), enhanced EO
quantity and quality. Additionally, EO profile varies according
to climate, geographical features, and date of collection (Swamy
and Sinniah, 2015). Accordingly chamazulene, bisabolone oxide,
(α)-bisabolol, β-farnesene, bisabolol oxides A and B, and en-
in-dicycloether were the major EO constituents of EO with
biostimulant application under the lower altitude conditions
of Iran (Ghasemi et al., 2016), while α-bisabolol oxide A, α-
bisabolol oxide B, cis-β-farnesene, and bisabolone oxide were
major constituents under the arid saline conditions of Egypt
(Omer et al., 2013). The use of amino acid hydrolysates
was also studied on maize and showed auxin-like activity
and improved crop performance (Ugolini et al., 2014). The
application of amino acids decreased chamazulene content and
increased α-bisabolol oxide A content in German chamomile
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(El-Din and Abd El-Wahed, 2005). Other findings on amino
acid application recorded higher α-bisabolol oxide B, α-bisabolol
oxide A, and bisabolone oxide at higher doses, while at
lower doses of application, (Z)-β-farnesene was higher (Omer
et al., 2013). The present study can represent a facet for the
accomplishment of sustainable means in German chamomile
cultivation, particularly by taking into consideration the possible
measures of reducing expenses on chemicals and increasing
the opportunities for long-term sustainable plant nutrition by
integrating chemical and sustainable sources of organic origin
for crop production. The results validated that utilization of
biostimulants directly increases the yield and influences the EO
profile of German chamomile, which is particularly significant
to farmers and straightforwardly indicates monetary benefits.
Successively, from the customers’ viewpoint, it is now more
essential that the execution of this agronomic practice in the field
offers their produce with an improved therapeutic and industrial
perspective. The findings of the present study showed that
German chamomile cultivation could be effectively initiated with
the combination of P fertilization and biostimulant application
under the acidic soil conditions of the western Himalayas. The
hypothesis assumes that P and biostimulant application in acidic
soils is fully justified considering German chamomile production
and the economic concerns of growers.

CONCLUSION

The present study aims to improve the availability of P to
plants by applying a readily available source of P fertilizer
in combination with foliar biostimulant applications for direct
absorption by German chamomile plants. The results suggested
that the combination of a synthetic P nutrient source and
biostimulants can positively affect plant growth, flower yield,
and EO composition. According to research, optimal utilization
of P fertilizer and biostimulants improved the performance
of German chamomile concerning flower production, biomass
of flowers, and EO yield. The present research suggested that
the utilization of P fertilizers and plant-based biostimulants is
efficient for crop improvement in acidic soils, thus contributing
to increased yield goal of growers. Considering the different
reactions of P and biostimulants on agronomic and quality traits
of German chamomile under stressed acidic conditions, it is

recommended that these can be utilized in acidic soils of high
rainfall regions. The lowest chamazulene and bisabolone oxide A
content was obtained with the control, which means that when
the availability of P is low, the yield attributes and chamazulene
and bisabolone oxide A content will severely decrease. Similarly,
the biostimulants also increased the content of chamazulene,
α-bisabolol oxide A, (Z)-β-farnesene, and en-in-dicycloether in
the EO of German chamomile. Detailed understanding of the
effects of P and biostimulants will significantly provide benefits
to various cropping systems and eventually lead to improved
environmental steadiness by increasing crop yield and quality
and reducing chemical inputs slowly and steadily for long-
term benefits.
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