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Abstract: Owing to its hand-picked flower heads and its applications in organic farming systems,
Egyptian chamomile has a good reputation in export markets. This study was carried out to evaluate the growth,
productivity and oil quality of chamomile during two successive seasons in El-Sharkia, Egypt, at four different
locations, which differed greatly in the salinity of soil and irrigation water. Salinity did not negatively impact
yield or essential oil contents. The greatest yield and essential oil content were obtained under high-salinity
conditions. Total of 28 compounds were identified. Oxygenated sesquiterpenes were more abundant under
high-salinity conditions, while sesquiterpene hydrocarbons were more abundant under low-salinity. The main
components were differentiated across locations and harvest times. The main components were bisabolol oxide
A, cis-f-farnesene, bisabolol oxide, and bisabolol oxide B. Bisabolol oxide A contents were much greater under
high-salinity, while cis-fB-farnesene contents were much greater under low-salinity. These results confirmed the
impact of soil properties on the quality and productivity of chamomile. By avoiding salt accumulation, the
chamomile plants were highly resistant to salinity stress. Increased flower yields and essential oil contents were
observed under high-salinity stress, and farmers are encouraged to grow chamomile where saline soil and/or

saline irrigation water are present.
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Introduction

Chamomile (Matricaria recutita L., Matri-
caria chamomilla L. or Chamomilla recutita L.),
a member of the Asteraceae family, is one of the
most important medicinal plants worldwide. Cha-
momile has been used for centuries in Egypt, and
its usage is still highly important today. In addition
to its traditional forms of application (internally,
the decoction is useful against inflammation in the
throat and in the stomach; externally it is a well-
known remedy against ophthalmitis and skin prob-
lems), it is also used in homeopathy and in several
types of cosmetics. Moreover, demand for cha-
momile in domestic chemistry and food industry
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is also increased. Additionally, its therapeutic in-
dications are continuously expanding due to im-
proved research techniques '.

The total chamomile cultivation area in 2005
reached approximately 9500 acres and ranked
second among the cultivated medicinal plants in
Egypt. The production reached approximately
8000 tons, of which 3000 tons were exported,
amounting to approximately 5 million dollars. Egyp-
tian chamomile is categorized as a member of the
o-bisabolol oxide A group **. Owing to its handed-
picked flower heads and applications in organic
farming systems, Egyptian chamomile has a good
reputation in export markets “.
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Salinity has devastating impacts on crop produc-
tion worldwide, especially in arid and semi-arid
climatic regions °. Approximately 20-50 % of soils
suffer from salinity worldwide °. Salinity negati-
vely impacts the growth, quality, and productivity
of agricultural crops as a result of ionic imbal-
ance and toxicity as well as osmotic inhibition of
water uptake 7. Salinity stress suppresses the gro-
wth and photosynthesis and causes overproduc-
tion of reactive oxygen species and symptoms of
oxidative stress ®. Plant growth suppression un-
der salinity stress is likely associated with wat-er
and nutrient uptake deficiencies or imbalance °.

Several pertinent studies have revealed that dis-
cussing essential oil yields and quality of Matri-
caria chamomile from different field experiments
is difficult because these measurements strongly
depend on the genotype and environmental con-
ditions 13, Therefore, the main objective of this
work was to study the effects of salinity on the
growth, essential oil yield, and constituents of cha-
momile under field conditions to support both
breeding programmes and the use of chamomile
as an economic substitute for field crops irrigated
with saline water.

Materials and methods
Field site description and growth conditions
This investigation was carried out during two

successive seasons at different locations of the
Sekem Company farm station, El-Sharkia Gover-
norate, Egypt, 80 km east of Cairo. The physical
and chemical properties of the soil samples and
the irrigation water samples were determined and
analysed, respectively, according to the methods
of Jackson '* and Cottenie et al. '°, and the re-
sults are shown in Tables 1 and 2.

The seeds of Chamomilla recutita (L.),
Rauschert plants were sown in a nursery on 15
September in both seasons by the Elmizan Com-
pany of Sekem, El-Sharkia Governorate, Egypt.
At two months after sowing, uniform seedlings
were transplanted into plots that consisted of rows
10.5 m? in length spaced 60 cm apart; the seed-
lings were spaced 20 cm apart within a row. In all
cases, the plants were in accordance with an or-
ganic farming system. The experimental soils were
supplied with 20 m*/feddan (1 feddan= 4200 m?)
of mature compost. Irrigation was supplied through
a drip irrigation system. Routine agricultural prac-
tices were carried out as usually practised for
chamomile cultivation.

Growth and yield measurements

Plant growth was measured at the end of the
experiment via two parameters: plant height (cm)
and the number of branches per plant. Yield data
were obtained by collecting the flower heads dur-

Table 1. Chemical analysis of soil samples from different locations

Locations EC TSS pH Cations (meq/L) Anions(meq/L)
1:5) (%) (1:2.5) Ca” Mg Na* K* CO, HCO,; CI SO/
L1 1.90 0.608 79 25 1.8 142 05 - 0.9 170 1.1
L2 620 1984 788 49 3529 12 - 1.5 59.0 1.5
L3 830 2656 777 69 37 711 13 - 2 794 1.6
L4 187 5984 843 88 41 1732 19 - 2 1826 34

Table 2. Chemical analysis of irrigation water samples from different locations

Locations EC TSS pH Cations (meq/L) Anions(meq/L)
(ppm) Ca”? Mg Na* K* CO,; HCO,j CI SO/
L1 129 8256 793 1.0 05 132 0.127 - 2.8 6.0 6.0
L2 2.82 18048 791 55 45 201 0431 - 44 150 11.1
L3 1.59 1017.6 777 1.0 1.0 15.00 0.144 - 2.8 65 7.8
L4 5.62 3596.8 7.41 6.0 50 4575 0444 - 56 270 246




ing three harvest times: the first harvest occurred
in January, the second harvest occurred in Febru-
ary, and the third harvest occurred in March. The
yield measurements included the fresh and dry
weights of the flowers (g/plant), and after being
collected, the flower heads were immediately
dried under shaded conditions.

Essential oil production and GC-MS analysis

A combined sample of the three harvest times
from each replicate was subjected to water distil-
lation to determine its essential oil content using a
Clevenger apparatus.

The essential oil percentage of the air-dried flow-
ers of each replicate at the three harvest times
was measured according to the methods of
Guenther '® and expressed as millilitres per 100 g,
and the essential oil yield was calculated and ex-
pressed as litres per feddan. The extracted es-
sential oil was dehydrated over anhydrous sodium
sulphate and stored in a freezer until used for gas
chromatography-mass spectrometry (GC-MS)
analysis.

The GC-MS analysis of the essential oil samples
of the first season was carried out at the Depart-
ment of Medicinal and Aromatic Plants Research,
National Research Centre, Dokki, Egypt, in ac-
cordance with the specifications described here.
The instrument was a Trace GC Ultra Gas Chro-
matograph (Thermo Scientific Corp., USA)
coupled to a Thermo mass spectrometer detector
(ISQ single quadrupole mass spectrometer); the
GC-MS system was equipped with a TG-WAX
MS column (30 m x 0.25 mm i.d., 0.25 um film
thickness). Analyses were carried out using he-
lium as the carrier gas at a flow rate of 1.0 ml/
min and a split ratio of 1:10 using the following
temperature programme: 40°C for 1 min; an in-
crease of 4.0°C/min to 160°C, which was held
for 6 min; and an increase of 6°C/min to 210°C,
which was then held for 1 min. The injector and
detector were held at 210°C. Diluted samples (1:10
hexane, v/v) of 0.2 uL of the mixtures were al-
ways injected. Mass spectra were obtained by
electron ionization (EI) at 70 eV using an m/z 40-
450 spectral range. Most of the compounds were
identified using two analytical methods: (a) Kovats
indices (KI), in reference to n-alkanes (C9-C22)
(National Institute of Standards and Technology

(NIST), 2009), and (b) mass spectra (authentic
chemicals, Wiley spectral library collection and
NIST library).

Statistical analysis

Data from the present study were statistically
analysed according to the methods of Cochran
and Cox ", in which the data for each season
were analysed separately. The differences be-
tween the means of the treatments were consid-
ered significant when they exceeded the least sig-
nificant difference (LSD) at 5 %. The data were
subjected to ANOVA (MS-DOS/CoStat Exe pro-
gram).

Results and discussion

Salinity is one of the most drastic environmen-
tal factors affecting plant growth and develop-
ment. Soils can be classified as saline when they
have an electrical conductivity (Ec) of a saturated
paste extract (ECe) of 4 dS/m (4dS/m ~ 40
mMNaCl) or greater '*. However, irrigation wa-
ter has a wide range of total salinity values. Most
surface irrigation water has a total salinity of ap-
proximately 0.5 to 0.6 dS/m or lower. Groundwa-
ter in semi-arid and arid regions generally is highly
saline and can vary from one dS/m to more than
12-15 dS/m. Under favourable conditions, highly
saline groundwater (10 dS/m or greater) has been
used to grow semi-tolerant crop species such as
wheat in coarse-textured soils '*%°, with only slight
yield reductions. On the other hand, unfavourable
soil and climatic conditions have resulted in seri-
ous salinity problems, even with the use of low-
salinity water (0.4-0.5 dS/m). In this study, the
soil and water analysis data (Tables 1 and 2) re-
vealed great differences in soil and water proper-
ties across locations. The soil Ec value ranged
between 1.9 and 18.7, and the water Ec value
ranged between 1.29 and 5.62. The highest val-
ues of Ec in both the soil and water were recorded
at location 4 (L4). The Ec values were strongly
associated with Na’, Cl-and SO, The soil and
water at location 1 (L1) presented low levels of
salinity (1.9 and 1.29 dS/m, respectively), the soil
and water at location 2 (L2) presented moderate
levels of salinity (6.2 and 2.82 dS/m, respectively),
the soil and water at location 3 (L3) presented
high and low levels of salinity, respectively (8.3



and 1.59 dS/m, respectively), and the soil and
water at location 4 (L4) presented very high lev-
els of salinity (18.7 and 5.62 dS/m, respectively).

Saline soil and/or water inhibit plant growth and
can even lead to death 2'. The harmful effects of
salinity stress are generally induced by osmotic
stress and ion injury . In this study, compared
with other locations, the plant height at L4 was
significantly lower in both seasons, while the num-
ber of branches did not clearly differ (Table 3).
Table 4 lists the significant differences in the fresh

weight and dry weight of the flowers at different
locations and at different harvest times in both
seasons. Surprisingly, the greatest values of the
fresh weight and dry weight of the flowers were
obtained from plants cultivated at L4, where high-
salinity conditions exist. The fresh and dry weights
of the flowers were greater at the first harvest
(January) and third harvest (March) than at the
second harvest (February). The mean fresh
weight of the flowers ranged from 55-102.5 g/
plant in the first season and slightly increased in

Table 3. Plant height and number of branches of chamomile plants at different locations
during two seasons. The data represent mean and standard deviation (SD) values

Locations Plant height (cm) No. branches/plant
1t season 2"! season 1° season 2" season
L1 80.0+08.38  81.20+08.30  13.2+2.80 13.5+2.35
12 81.6£08.15 78.90+09.91 11.4+2.27 13.1+1.56
L3 76.4+10.95 77.80+11.54 16.0+1.87 12.6+£2.07
14 70.0£02.55 74.00+£02.35  12.04£3.67 14.4+3.21

Table 4. Fresh and dry weights of flowers of chamomile at three harvest times (H1 in
January; H2 in February; H3 in March) at different locations during two seasons
The data represent mean and standard deviation (SD) values

Locations  Flower fresh weights (g/plant) Flower dry weights (g/plant)

H1 SD H2 SD H3 SD Hi1 SD H2 SD H3 SD
15t season
L1 748 +£21.21 58.6 +20.8 327 +6.25 14.16 +4.71 11.64 +3.93 6.48 =£1.20
L2 65.7 £1590 77.0 +16.5 38.1 +9.88 12.98 +£3.20 15.06 +3.25 7.72 £2.16
L3 313 +£7.65 822 =+£10.9 59.46 +45.16 6.68 +£2.08 16.78 +2.45 12.12 £9.14
14 106.5 +6.62 92.6 +6.87 105.3 +£24.28 21.50 +1.47 18.96 +1.84 21.20 +4.80
LSD 0.05L 14.50%** 2.97%*%
Harvest 12.56* 2.57*
Interaction woAk *x
27 geason
L1 612 +£24.86 77.6 +£158 402 +15.81 12.10 +4.87 1530 +3.03 7.94 +3.27
L2 769 +£26.33 81.8 +£18.6 47.5 £12.29 1524 £5.18 1622 +3.59 9.11 =+£2.58
L3 40.1 £9.53 729 +8.42 71.7 £34.09 830 *£1.60 14.82 £1.95 14.54 +6.69
14 1126 937 89.0 +4.34 123.4 +9.76 22.52 +1.87 17.32 +1.08 25.06 =+2.07
LSD 0.05L 12.84%** 2.5] %%
Harvest ns11.12 ns2.17
Interaction woAk o

* k% and *** represent significant differences at probabilities of 0.05, 0.01 and 0.1, respectively

ns represents no significant difference



the second season (60-108 g/plant). The mean
dry weight of the flowers ranged from 10.5-21 g/
plant in the first season and slightly increased in
the second season (11.5-22 g/plant). Although the
soil properties significantly affected the plant
growth and yield, salinity had no negative impact
on plant yield (fresh and dry weights of the flow-
ers). In contrast, plant height increased in response
to highly saline soil and water.

The functions of plants, including medicinal
plants, are affected by environmental stresses
such as salinity stress . The negative impacts of
salinity stress result from an increased accumu-
lation of toxic NaCl ions within leaves ** and a
decreased absorption of water and mineral nutri-
ents »*. Salinity negatively affects physiological
and biochemical processes, which in turn reduce
crop yields and essential oil biosynthesis. There
are many reports about the negative effects of
salt stress on secondary metabolites, essential oil
yields and herbaceous biomass **2%27. Soil prop-
erties have pronounced effects on plant growth

as well as the yield and contents of essential oils
and their chemical constituents 2. In the present
study, results similar to those concerning plant
growth and flower yield were observed for es-
sential oil content (%) and yield (ml/plant), as
shown in Table 5. The essential oil content and
yield increased with increasing soil and water sa-
linity, and these findings were clear at the first
harvest compared to the other harvests during both
seasons. The essential oil content ranged from
0.4-0.6 %, and the essential oil yield ranged from
0.05-0.12 ml/plant in the first season. These val-
ues slightly decreased in the second season to
0.37-0.47 % and 0.05-0.1 ml/plant for essential
oil content and yield, respectively.

Table 6 lists the chemical composition of the
essential oil of chamomile flowers at different lo-
cations and at different harvest times. The data
showed that the total identified compounds ranged
from 98.63 to 99.02 % and comprised 28 com-
pounds. These included oxygenated sesquiterpe-
nes, sesquiterpene hydrocarbons, oxygenated

Table 5. Essential oil content and yield of chamomile at three harvest times (H1 in
January; H2 in February; H3 in March) at different locations during two seasons
The data represent mean and standard deviation (SD) values

Essential oil content (%) Essential oil yield (ml/plant)
Location H1 SD H2 SD H3 SD H1l SD H2 SD H3 SD
15t season
L1 040 +0.13 038 +0.13 042 =+0.08 0.06 +0.04 0.05 +0.03 0.03 =+0.01
L2 0.60 +0.15 042 +0.09 042 =+0.12 0.08 +0.04 0.07 +0.03 0.03 =+0.02
L3 0.76 +024 044 =+0.06 0.44 =£0.33 0.05 +0.03 0.08 +0.02 0.08 =+0.09
14 0.84 +0.06 046 =+0.04 046 =+0.10 0.18 +0.02 0.09 =+0.02 0.10 =+0.05
LSD 0.05L 0.109%* 0.028***
Harvest 0.095%** 0.024*
Interaction ns *
27 geason
L1 0.38 +0.15 038 +0.08 0.34 =+0.14 0.05 +0.04 0.06 +0.02 0.03 =+0.02
L2 042 +0.14 038 +0.08 0.38 +0.11 0.07 +0.04 0.06 +0.03 0.04 =+0.02
L3 042 +0.08 042 +0.06 0.38 =+0.17 0.04 =+0.01 0.06 +0.02 0.06 =+0.05
14 0.54 +0.04 046 =+0.03 040 =+0.03 0.12 +0.02 0.08 +0.01 0.10 =+0.02
LSD 0.05L ns 0.073 0.020%**
Harvest ns 0.063 ns 0.017
Interaction ns *

* k% and *** represent significant differences at probabilities of 0.05, 0.01 and 0.1, respectively
ns represents no significant difference
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monoterpenes, and monoterpene hydrocarbons.
The total amount of oxygenated sesquiterpenes
ranged from 75.15 to 84.4 %, while the total
amount of sesquiterpene hydrocarbons ranged
from 16.19 to 22.7 %. Moreover, the total amount
of monoterpene hydrocarbons ranged from 0.93
to 1.78 %, and the total amount of oxygenated
monoterpenes ranged from 0.97 to 2.3 % in the
identified compound. Greater oxygenated sesquit-
erpene percentages were observed in plants cul-
tivated under high-salinity conditions, while greater
sesquiterpene hydrocarbon percentages were
observed in plants cultivated under low-salinity
conditions. Substantial differences in the contents
of the main components were also observed at
different locations and at different harvest times.
The main component was bisabolol oxide A (42.55-
54.41 %), followed by cis-pB-farnesene (12.18-
16.15 %), bisabolol oxide (9.98-12.69 %), and
bisabolol oxide B (8.06-10.62 %).Bisabolol oxide

A contents were much greater in plants cultivated
under high-salinity conditions, while cis-[3-
farnesene contents were much greater in plants
cultivated under low-salinity conditions.

Plant resistance to environmental stress such
as salinity is based on the ability to reduce the
negative impacts of the stress. Two main compo-
nents contribute to plant resistance to environmen-
tal stress such as salinity to reduce the negative
impacts: tolerance and avoidance 2. Analysis
of the plant nutrients in Table 7 revealed that, for
the most part, location and/or soil properties had
no significant effects on the accumulation of plant
nutrients. Nitrogen (N), potassium (K), and so-
dium (Na) did not significantly differ across loca-
tions and or different harvest times; only phos-
phorus (P) significantly differed as a result of lo-
cation. Cation (Na and K) contents significantly
differed across locations; however, no significant
accumulation in the plant tissues was observed.

Table 7. Effects of different locations on nitrogen (N), phosphorus (P), potassium (K),
and sodium (Na) contents. The data represent the means of two seasonsat
different harvest times (H)+ standard deviations (SDs)

N % SD P % SD K% SD Na% SD

L1 Hl1 0.70 +0.15 032 +0.07 292 063 1.83 =+0.39
H2 1.18 +0.19 042 +0.07 298 047 1.76 =+0.28
H3 090 +048 039 +0.21 3.00 =+1.61 193 =£1.03
Mean 0.92 0.38 2.97 1.84

L2 Hl1 0.59 +0.07 029 +0.04 288 +036 190 =+0.24
H2 092 +0.11 032 +0.04 289 +033 193 =+0.22
H3 0.76 +032 029 +0.12 259 +£I1.11 2.01 =+0.86
Mean 0.76 0.30 2.78 1.95

L3 Hl1 0.67 026 026 +0.10 227 088 2.11 =+0.82
H2 0.64 +0.04 028 +0.02 280 +0.17 2.00 =+0.12
H3 0.76 +025 026 +0.09 234 079 2.18 =+0.73
Mean 0.69 0.27 2.47 2.10

L4 Hl1 0.84 +0.16 020 =+0.04 237 +044 234 +043
H2 0.73 +0.05 025 +0.02 226 +0.16 248 =+0.18
H3 0.39 +0.09 023 =+0.05 260 +0.62 224 =+0.53
Mean 0.65 0.23 241 2.35

LSD0.05 L ns 0.20 0.08** ns 0.63 ns 0.52
H ns 0.17 ns 0.07 ns 0.59 ns 0.45
LXH ns ns ns ns

** represents a significant difference at a probability of 0.01

ns represents no significant difference



These results suggested the avoidance ability of
chamomile to reduce Na within its tissues, which
in turn reflects its strong resistance.

Egyptian chamomile has importance in terms
of its export *. Thus, increasing the production of
such crops and investigating their ability to grow
under different soil and stress conditions are im-
portant, especially under water-limiting conditions.
The present research programme aimed to inves-
tigate the growth, yield and quality of chamomile
at different El-Sharkia locations whose soil and
water quality greatly different, especially in terms
of salinity. The plants were harvested three times
during each season. Table 8 shows the average
harvest yield of the fresh and dry flower weights
as well as the essential oil yield. The average yield
of fresh flowers ranged from 1.22-2.23 and 1.31-
2.38 tons/Fed in the first and second seasons, re-
spectively, and the average yield of dry flowers
ranged from 0.24-0.45 and 0.26-0.48 ton/Fed in
the first and second seasons, respectively. More-
over, the average yields of essential oil ranged
from 1.01-2.72 and 1.04-2.22 L/Fed in the first
and second seasons, respectively. These results
reflected the strong impacts of location and soil
properties on the yield and quality of chamomile.
Surprisingly, the plants grown at L4, where the
soil and water were highly saline, presented the
greatest yield of both flowers and essential oil
content. These results are consistent with previ-
ous findings, where evaluation the effect of sa-
line irrigation on chamomile showed that chamo-
mile maintained all medical properties with no sig-
nificant effect on oil quantity and quality up to 16
dS/m 3'. Also, Yasamin et al. > recommended
cultivation of chamomile under saline water irri-
gation till 9 dS/m. On the other hand, although
salinity decreased yield components and essen-
tial oil percentage, chamazolene percentage was
increased and suggested that essential oil extracted
from chamomile grown under saline conditions are
more valuable industrially *. Razmjoo et al. 3
also suggested that chamomile is moderately tol-
erant to salinity stress. They found that chamo-
mile showed tolerant up to 84 mmol NaCl without
severe reduction in flower yield and oil content.
In contrast to Dadkhan *°, found that increased
salinity significantly decreased growth compo-

Table 8. Average yield of the fresh weight and dry weight of flowers (tons/feddan (Fed))

as well as the essential oil yield (L/Fed) at each harvest (1 Fed = 4200 m?)

Flower dry weight (tons/Fed) Essential oil yield (L/Fed)

Flower fresh weight (tons/Fed)

2nd geason 15t season 2nd geason 15t season 2nd geason

1%t season

+SD mean +SD mean +SD mean +SD mean +SD mean +SD

mean

+0.60
+0.71

1.04
1.25
1.20
2.22

+0.57

1.01
1.33
1.52
2.72

+0.08

0.26
0.30
0.28
0.48

+0.07
+0.06

+0.10

0.24
0.26
0.26
0.45

+0.42
+0.42

+0.38

1.31
1.51
1.35
2.38

+0.36

1.22
1.33
1.27
223

L1

+0.63

+0.08

+0.31

L2

+1.05 +0.57

+0.65

+0.08

+0.47
+0.28

L3

+0.34

+0.04

+0.06

+0.17

L4




nents and essential oil content as well as delayed
flowering time.

Conclusion

On the basis of these results, we can confirm
the role of soil properties on the quality and pro-
ductivity of medicinal plants, especially chamo-

mile, and we can advise farmers to grow chamo-
mile under saline soil and/or irrigation water, as
chamomile showed great ability to resist salinity
stress by avoiding salt accumulation in its tissues.
In this contrast, chamomile plants exhibited in-
creased productivity and essential oil contents
under such stress conditions.
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