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ABSTRACT

The present study was conducted during the two successive seasons of
2002/2003 and 2003/2004 at the Farm of Ornamental Horticulture Department,
Faculty of Agriculture, Cairo University to investigate the effect of irrigation
intervals every 7, 11or 15 days and bio- fertilizers ( Nitrobien and Phosphorein)
each at 0, 3 or 6 g / pot on chamomile plant. The results showed that prolonging
irrigation interval to 11 or 15 days significantly decreased both fresh and dry
weights of flowers in both seasons. The highest fresh and dry weights of flowers
were obtained due to irrigation every 7 days . lrrigation every 7 or 11
significantly increased oil percentage in the first and second seasons
Jrespectively. Irrigation every 7 days gave the highest a pinene, sabinene, p-
cymene, 1,8-cineole, bisabolon oxide A, chamazulene and dicycloether .
Whereas irrigation every 11 days gave the highest percentage of bisabolol oxide
A. Irrigation every 11days gave the highest N contents , while irrigation every
15 days gave the highest P and K contents. Irrigation every 7 days gave the
highest total carbohydrates content.

In general, Nitrobien and Phosphorein application at 3 or 6 g /pot
significantly increased fresh and dry weights of flowers. Nitrobien at 3 or 6 g/
pot in both seasons and Phosphorein at 3 or 6 g /pot in the second season
significantly decreased oil percentages. Nitrobien at 3 or 6 g /pot gave the
highest bisabolol oxide A contents in chamomile oil. Whereas Phosphorein at 3
g /pot resulted in the highest p- cymene, 1,8- cineole and caryophyllene
percentages. Phosphorein at the highest rate (6 g /plant) gave the highest a-
pinene, sabinene and chamazulene contents. Bio- fertilizers ( Nitrobien or
Phosphorein ) each at 3 or 6 g / pot increased both N, P , K and total
carbohydrates contents in most cases compared with the control. Both Nitrobien
and Phosphorein at 6 g /pot plus irrigation every 7 days gave the highest fresh
and dry weights of flowers. Irrigation every 11 days and Phosphorein at 6 g /pot
gave the highest oil % in the first season and P % in the second one. Nitrobien
at 6 g /pot plus irrigation every 15 days gave the highest N%. Whereas
Phosphorein at 3 or 6 g /pot and irrigation every 7 days gave the highest K and
carbohydrates contents.

Keywords: Irrigation intervals, biofertilization, oil production, chemical
constituents, chamomile plants.
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INTRODUCTION

Chamomile (Matricaria chamomilla, L.) is an annual, strongly aromatic herb,
up to 60 cm tall with a hairless, erect, branching stem. It has delicate feathery leaves
and simple daisy- like white flowers. This herb has a long standing medicinal
tradition, especially in Europe for all states of tension and the visceral symptoms that
can arise there form, such as nervous dyspepsia and nervous bowel, tension
headaches, and sleeplessness. It is used as analgestic, anti-allergenic, anti-
inflammatory, antispasmodic, bactericidal, carminative, cicatrisant, cholagouge,
digestive, emmmenagogue, febrifuge, fungicidal, nerve sedative, stimulant of
leucocyte production, stomachic, vermifuge. It is used externally in cosmetics ,soaps,
detergents, high class perfumes and hair and bath products. It is used in skin care
against boils, burns , cuts, dermatitis , earache, eczema, hair care, sensitive skin,
teething pain, toothache, wounds (Lawless,1992). Massoud and Franz (1990)
mentioned that different chemocultivars of chamomile are presented on the market,
which differ in the composition of the essential oil .For example, bisabolol A- type
presented in Egypt, Czech. Rep. and Hungary, bisabolol-type is presented in Spain
and bisabolon oxide type is presented in Turkey and Bulgaria.

Irrigation intervals affecting growth and chemical constituents of many aromatic
plants, Ahmed and El-Hassen (2001) on Catharanthus roseus; Hammoda (2001) on
moghat plants; Singh and Sharma (2001) on Cymbopogon martinii; Hammam (2002)
on Cassia acutifiolia; Mazrou et al. (2002) on roselle; Mahmoud et al. (2002) on
Grindelia camporum; Yassen et al. (2003) on Ocimum basilica,L; Singh (2004) on
rosemary; Mastro et al. (2004) on artichoke and chicory and Akbarinia et al. (2005)
on Nigella sativa plants.

The bio-fertilizers are much more likely to increase both yield and quality and
producing plants that are safe flavor some, and chemicals free. Salman (2004) on
Ocimum basilicum L.; Saraf and Tiwari (2004) on muskdana (Abelmoschus
moschatus); Youssef et. al.(2004) on sage; Zayed et al. (2004) on Borago officinalis,
L.; Migahed et al. (2004) on celery; Shalan (2005) on borage plants; Heikal(2005) on
thyme and Sakr (2005) on senna plants.

MATERIALS AND METHODS

The present study was conducted during the two successive seasons of

2002/2003 and 2003/2004 at the Farm of Ornamental Horticulture Department,
Faculty of Agriculture, Cairo University to investigate the effect of irrigation intervals
and bio- fertilizers on chamomile ( Matricaria chamomilla, L.) plant.
Seeds of chamomile were sown in nursery beds with a clay soil on 4™ October in the
two seasons. After 45 days, the seedlings (8 — 10 cm in height) were transplanted in
30 cm clay pots ( one plant / pot) filled with sandy loam soil (Table A) on 19"
November in both two seasons.

After two weeks from transplanting, the plants were irrigated every 7, 11 or
15 days.
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Table A. Chemical and physical properties of the experimental soil.

Physical properties of the experimental soil.

Sand Clay Silt
Seasons % % o
Sandy loam
2002/2003 95.2 18.5 26.3
Sandy loam
2003/2004 54.9 19.2 25.9

Chemical properties of the experimental soil.

Soluble cations and anions (meq /L) Available (ppm)
EC :
Seasons pH ; o ;
PR g O T T N P K
o O — e} © 2 ‘g o+
O T O N O = Z X
ggggl 75 18 _ 20 1714 3348 1876 144127 676 243 208 340.7
gggi’ 79 16 - 23 1730 3265 17.97 136131 681 257 211 356.0

* - E.C : Electric conductivity m mhos/ cm.

Bio- fertilizers (Nitrobien and Phosphorein) were inserted in the soil surface at
the rates of 0, 3 or 6 g / pot. Data on fresh and dry weights of flower heads / plant
were recorded. Capitulums were dried under natural conditions of shade until a
constant dry weight. Oil percentages were determined as described by British
Pharmacopoeia (1963).Gas Liquid Chromatography (GLC) analysis of the essential
oil in the second season was performed using Unicam Pro- GC equipped with flame
ionization detector (FID) under the conditions of : Column with a coating film of 3%
OV-17 ( Methyl phenyl Silicone ) on chromosorb - WHP.(1.5 X 4.0 mm and 100-120
mesh), and injector temperature of 250°C. Nitrogen flow rate at 30ml / min, hydrogen
flow rate at 33ml / min and air flow rate at 330 ml/ min with an initial temperature of
70°C —P.R.8°C and final temperature of 200°C, chart speed was 2 min./cm., Range 32
as described by Bunzen et al. (1969).Total carbohydrates content was determined in
the dried herb as described by Herbert et al. (1971). Nutrients were determined in the
dried herb using the method described by Piper (1947). The nitrogen content was
determined using the modified micro-Kjeldahl method as described by Pregl (1945);
phosphorus content was estimated using the method described by King (1951).
Potassium content was determined by using a Pye Unicam Model Sp Atomic
Absorption Spectrophotometer.

The experimental layout was split plot design in factorial experiment. The
main plot was irrigation intervals and the sub- plots were bio fertilizer treatments,
includingl5 treatments. Each treatment was replicated 3 times and each replicate
consisted of 6 plants. The statistical analysis was carried out using Least Significant
Difference ( L.S.D) test at 0.05% according to Snedecor and Cochran (1982).
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RESULTS AND DISCUSSION

Fresh and dry weights of flower heads:

Data presented in Table 1 showed that irrigation intervals affected
significantly both fresh and dry weights of flowers in both seasons. Prolonging
irrigation interval to 11 or 15 days significantly decreased both fresh and dry weights
of flowers in both seasons. The highest fresh weight of flowers were obtained due to
irrigation every 7 days (26.80 and 32.47 g / plant compared to irrigation every 11 days
( 16.89 and 13.89 g /plant ), whereas plants irrigated every 15 days gave the lowest
fresh weight (11.70 and 9.02 g / plant) in first and second seasons, respectively.
Similar results were obtained on flowers dry weight in both two seasons. These results
are confirmed with, Rachad (1999) on Echinacea purpurea and Mahmoud et al.
(2002) on Grindelia camporum plants.

Bio-fertilizers had a significant effect on both fresh and dry weights of flowers.
In the first season, Phosphorein application at 6 g /pot significantly increased fresh
and dry weights of flowers (23.88 and 5.76 g, respectively), compared with (15.43
and 3.73 g, respectively) for control plants. In the second season, Nitrobien or
Phosphorein application at 6 g / pot significantly increased fresh weight of flowers.
Whereas application of both Nitrobien and Phosphorein at 3 or 6 g / pot significantly
increased dry weight of flowers / plant. The most effective treatments were both
Nitrobien and Phosphorein application at the highest rate( 6 g / pot) which gave the
highest fresh and dry weights of flowers/ plant. Similar results were obtained by, Sakr
(2005) on senna and Shalan (2005) on borage plants found that bio-fertilizer
treatments increased fresh and dry weights of plant organs.

Interaction between irrigation intervals and bio fertilizers significantly affected
both fresh and dry weights in both seasons. Irrigation at short intervals (7 days) and
Phosphorein at 6 g / pot gave the highest fresh and dry weights of flower heads in the
first season, while Irrigation every 7 days and Nitrobien at 6 g / pot gave the highest
fresh and dry weights of flower heads in the second season.

Oil percentage (%o):

Data in Table 2 showed that, irrigation intervals significantly affected oil
percentages. In the first season, irrigation at short interval (7 days) significantly
increased oil percentage (0.680%) compared with (0.600 and 0.435 %) for irrigation
at 11 or 15 days, respectively. In the second season, irrigation at 11 days interval
significantly increased oil percentage (0.720%) compared with (0.647 and 0.707 %
for short and long irrigation intervals, respectively. Similar results were obtained by
Hammam (1996), on anise; found that long irrigation intervals resulted in a significant
decrease in volatile oil percentage.
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Table 1. Effect of irrigation and bio-fertilizers on fresh and dry weights of
flowers (g) / plant of chamomile (Matricaria chamomilla L.) plant at
2002/2003and 2003/2004 seasons.

Irrigation intervals by days (A)

Fresh weight

Bio-fertilizers (B) 2002/203 2003/2004
7 11 15 Mean 7 11 15 Mean

Control 21.09 15.58 9.62 1543 3045 13.38 7.94 17.26
N1 2496 1575 1112 17.28 3162 13.68 8.08 17.79
N2 2643 18.71 1145 18.86 34.68 14.24 8.97 19.30
P1 22.77 1562 1220 16.86 31.86 14.01 9.74 1854
P2 38.75 18.80 1410 23.88 33.74 1415 10.37 19.42
Mean 26.80 16.89 11.70 -—- 3247 13.89 9.02 —
LSD at 0.05 for:

(A) 3.46 1.02

(B) 4.47 1.32

A XB 7.74 2.30

Dry weight

Control 4.56 3.92 2.72 3.73 6.05 2.90 2.19 3.71
N1 6.32 4.10 2.88 4.43 6.29 3.30 2.27 3.95
N2 6.32 4.92 291 4,72 6.54 3.78 2.87 4.40
P1 5.11 3.92 3.24 4.09 6.25 2.99 2.70 3.98
P2 8.78 4.74 3.75 5.76 6.33 3.29 2.70 411
Mean 6.22 4.32 3.10 -—- 6.29 3.25 2.55 -—--
LSD at 0.05 for:

(A) 0.85 0.18

(B) 1.11 0.24

AXB 1.92 0.40

N; = Nitrobien at 3 g / pot. P, = Phosphorein at 3 g / pot.
N, = Nitrobien at 6 g /pot P, =Phosphorein at 6 g / pot

Bio-fertilizers had a significant effect on oil percentages in both seasons.
Nitrobien at the two rates (3 or 6 g / pot) significantly decreased oil percentages in
both seasons. Whereas Phosphorein, at the two rates (3 or 6 g / pot) significantly
decreased oil percentages in the second season, while it had no significant effect on
oil percentages in the first one compared to control. On the contrary, Youssef, et al.
(2004) on celery and Heikal (2005) on thyme plant. They concluded that bio-
fertilization treatments increased essential oil percentages.
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Table (2): Effect of irrigation intervals and bio-fertilizers on oil percentage of
chamomile (dried flower heads) (Matricaria chamomilla L.) plant at
2002/2003and 2003/2004 seasons.

Bio-fertilizers Irrigation intervals by days (A)
Oil percentage (%)

2002/2003 2003/2004
7 11 15 Mean 7 11 15 Mean
Control 0.667 0.700 0.500 0.622 0560 1.120 0.731 0.803
N1 0.700 0.400 0.300 0.467 0.671 0.609 0.567 0.616
N2 0.667 0500 0.367 0511 0.869 0.770 0.727 0.788
P1 0.683 0.667 0.500 0.617 0577 0.460 0.650 0.562
P2 0.683 0.733 0.510 0.642 0560 0.640 0.859 0.686
Mean 0.680 0.600 0.435 -—-- 0.647 0.720 0.707 -—--
LSD at 0.05 for:
(A) 0.041 0.007
(B) 0.053 0.010
AXB 0.092 0.017
N; = Nitrobien at 3 g / pot. P, = Phosphorein at 3 g / pot.
N, = Nitrobien at 6 g / pot P, = Phosphorein at 6 g / pot

Interaction between irrigation intervals and bio fertilizers significantly affected
oil percentages. Plants irrigated every 7 days and treated with Nitrobien at 3 g / pot
and control plants and irrigated every 11 days gave the highest values in both two
seasons, respectively. Whereas plants treated with Nitrobien at 3 g / pot and irrigated
every 15 days and plants treated with Phosphorein at 3 g / pot and irrigated every 11
days gave the lowest oil percentages in both seasons, respectively.

GLC analysis of the essential oil:

Data presented in Table 3 and Chromatograms (1, 2, 3 and 4) showed that
GLC analysis of chamomile oil obtained from different treatments revealed that a.
pinene, sabinene, p-cymene, 1,8-cineole, caryophyllene, bisabolon oxide A,
chamazulene, bisabolol oxide A and dicycloether are the main components separated
from chamomile oil. The major components are a pinene which ranged from 26.11 to
5.94 %, sabinene which ranged from 21.93 to 4.10 % and bisabolol oxide a which
ranged from 55.81 to 2.62 %. Similar results are obtained by Massoud and Franz
(1990) mentioned that different chemocultivars of chamomile are presented on the
market, which differ in the composition of the essential oil. For example, bisabolol A-
type presented in Egypt, Czech. Rep. and Hungary, bisabolol-type is presented in
Spain and bisabolon oxide type is presented in Turkey and Bulgaria. Lawless (1992)
showed that chamazulene, farnesene, bisabolol oxide, dicycloether, among others are
the main components of chamomile oil (Chamazulene is not present in the fresh
flowers, but is only produced during the process of distillation).

Irrigation every 7 days gave the highest o pinene, sabinene, p cymene, 1,8-
cineole, bisabolon oxide A, chamazulene and dicycloether compared with the other



J. Product. & Dev., 12(1),2007

91

Table 3. GLC analysis of the essential oil of chamomile ( Matricaria

chamomilla,L. ) plants in the second season 2003/2004.

[%2]
= <
° c N <
- ® 3 @
3 2 c = ) o
= © ) Q 3 S X 5
N (5] —_— —_ - o =
c = ® [ 8 > c S —_ —
L o = = c 2 c < i N 2 o
=S = s @ € = o o) © <) L=
© £ 2 c = (@) S 9 S ! 3]
2o : o= 3 ) ! C © ] @ >
- s 2 =1 o] \ [oe] © L < 2 2
=0 M 3 n =9 — O] oM O M &)
Control 13.28 8.89 7.27 5.58 5.08 9.66 2.38 23.41 8.35
N1 25.76  16.86 14.05 9.31 2.46 0.67 0.33 16.60 0.65
7 N2 19.02 1368 1430 1054 3.84 237 0.48 16.78 1.52
P1 17.80 1266 13.39 9.20 3.94 241 044 10.05 1.21
P2 25.05 2193 1259 8.93 1.41 051 1.86 8.57 0.94
Mean 20.16 1480 12.32 8.71 3.35 312 1.10 15.08 2.53
Control 26.22 1156 18.67 13.67 3.73 0.47  0.48 2.62 0.27
N1 5.94 3.18 4,71 3.58 3.04 357 1.24 41.62 3.10
11 N2 1144 1386 1.74 0.87 1.24 288 160 55.81 3.27
P1 6.72 410 1370 1042 6.69 091 0.15 24.94 1.70
P2 2335 21.83 13.85 10.02 1.92 350 1.03 10.38 1.04
Mean 1473 1091 10.53 7.71 3.32 227 0.90 27.07 1.88
Control 19.03 1295 13.03 8.95 3.66 294 0.28 10.46 1.45
N1 25,59 1238 15.25 9.91 3.96 0.92 0.26 14.02 0.85
15 N2 14.24 950 12.75 8.01 4.69 3.90 0.18 6.14 0.59
P1 21.24 15.71 1444 10.62 2.67 1.52 0.13 12.80 1.03
P2 20.55 2.48 1.08 0.92 4.66 502 152 45.86 4.10
Mean 20.13 10.60 11.31 7.68 3.93 2.86 047 17.86 1.60
Mean of control 1951 11.13 12.99 9.40 416 4.36 1.05 12.16 3.36
Mean of N1 19.07 10.81 11.34 7.60 3.05 172 0.61 24.08 1.53
Mean of N2 1490 12.35 9.60 6.47 3.26 3.05 0.75 26.24 1.79
Mean of P1 1525 10.82 13.84 10.08 443 161 0.24 1593 131
Mean of P2 2298 1541 9.17 6.62 266 3.01 1.47 21.60 2.03

N, = Nitrobien at 3 g / pot.
N, = Nitrobien at 6 g / pot

P, = Phosphorein at 3 g / pot.
P, = Phosphorein at 6 g / pot

irrigation intervals. Whereas irrigation every 11 days gave the highest percentages of
bisabolol oxide a. These results are in harmony with those obtained by Shoala (1992)
showed that irrigation every 20 days gave the highest citral a and b contents in
lemongrass oil. Hammam (1996) on anise, found that irrigation every 2 or 4 weeks
gave higher anethol and o pinene than irrigation every 6 weeks.

Bio-fertilizers ( Nitrobien and Phosphorein ) affecting the main components
of the essential oil. Nitrobien at 3 or 6 g / pot gave the highest bisabolol oxide A
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contents in chamomile oil. Whereas Phosphorein at 3 g /pot resulted in the highest p
cymene, 1,8- cineole and caryophyllene percentages. Phosphorein at the highest rate
(6 g /pot) gave the highest a pinene, sabinene and chamazulene compared with
control. The highest bisabolon oxide A and dicycloether percentages were obtained in
the essential oil distilled from unfertilized plants. Similar results are obtained by
Mahfoz (2003) found that the main compounds increased in marjoram oil as a result
of using bio-fertilizers. Heikal (2005) showed that thymol content in thyme oil was
increased by active dry yeast application.

Plant constituents:
- Elements contents:

Date presented in Table 4 showed that, irrigation every 11days gave the highest
N contents followed by 15 days irrigation treatment. Irrigation every 15 days gave the
highest P and K contents followed by 11 days irrigation treatment compared with the
shortest irrigation intervals ( every 7 days) which gave the lowest N, P and K
contents. This effect may be due to the leaching of elements from the soil media.
Similar results were obtained by Rachad (1999) on Echinacea purpurea, reported that
weekly irrigation gave the highest contents of nitrogen, phosphorus and potassium in
the plants. Hammoda (2001), on moghat, found that prolonging the irrigation intervals
enhanced N, P and K contents in different plant organs.

Bio- fertilization treatments ( Nitrobien or Phosphorein ) each at 3 or 6 g / pot
increased both P and K contents in most cases compared with the control. Also,
Nitrobien at 6 g / pot and Phosphorein at 3 g / pot in the first season, and both
Nitrobien and Phosphorein at 3 or 6 g / plant in the second season increased nitrogen
contents compared with unfertilized plants. Similar results were obtained by Heikal
(2005) on thyme and Sakr (2005) on senna plants, found that bio-fertilizers increased
N, P and K contents.

Interaction between irrigation every 15 days and Nitrobien at 6 g / pot gave the
highest N content in the first season, while plants irrigated every 11 days and treated
with Phosphorein at 3 g / pot gave the highest N content in the second season.
Phosphorein at 6 g / pot combined with irrigation every 7 or 11 days gave the highest
P contents in both seasons, respectively. Phosphorein treatment at 3 g / pot and
irrigation every 15 days in the first season and Nitrobien at 6 g / pot and irrigation
every 11 days treatment in the second season gave the highest K contents.

Total carbohydrates contents:

Data in Table 4 show that irrigation every 7 days gave the highest total
carbohydrates contents followed by irrigation at long interval (15 days) compared
with irrigation every 11 days treatment which gave the lowest values in both seasons.
Confirmed results were observed by Hammam (1996) on anise showed that
prolonging the irrigation intervals (6 weeks) reduced the total carbohydrates content
and Rachad (1999) on Echinacea purpurea, reported that weekly irrigation gave the
highest total carbohydrates contents in the plants.
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Table 4. Effect of irrigation intervals and bio-fertilizers on nitrogen |,
phosphorus, potassium and total carbohydrates contents of
chamomile (Matricaria chamomilla L.) plants at 2002/2003and
2003/2004 seasons.

Biofertilize Irrigation intervals by days (A)

N (%)

2002 / 2003 2003 / 2004
7 11 15 Mean 7 11 15 Mean
Control 2.19 2.20 1.90 2.10 1.82 2.13 2.01 1.99
N1 1.58 2.26 2.16 2.00 1.97 2.23 2.15 2.12
N2 2.03 2.19 2.69 2.30 2.00 2.17 2.11 2.09
P1 2.22 2.38 2.25 2.28 2.02 2.25 1.97 2.08
P2 2.01 2.23 1.84 2.03 2.17 2.23 2.13 2.18
Mean 2.01 2.25 2.17 -—-- 2.00 2.20 2.07 -—--

P (%)
Control 0.23 0.13 0.35 0.24 0.23 0.21 0.33 0.26
N1 0.22 0.29 0.45 0.32 0.27 0.35 0.27 0.30
N2 0.20 0.23 0.21 0.21 0.32 0.33 0.38 0.34
P1 0.32 0.22 0.47 0.34 0.38 0.36 0.36 0.37
P2 0.54 0.38 0.36 0.43 0.36 0.40 0.39 0.38
Mean 0.30 0.25 0.37 ----- 0.31 0.33 0.35 -—--
K (%)
Control 1.26 1.47 1.34 1.37 1.33 1.36 1.42 1.37
N1 1.40 1.51 1.58 1.50 1.42 1.45 1.55 1.47
N2 1.28 1.53 1.48 1.43 151 1.61 151 1.54
P1 1.48 1.47 1.64 1.53 1.41 151 1.58 1.50
p2 1.58 151 1.45 151 1.47 1.44 1.47 1.46
Mean 1.40 1.50 150 --- 1.43 1.47 151 S
Total carbohydrates contents (%)

Control 18.17 1691 1891 18.00 17.30 16.64 16.73 16.89
N1 1661 1736 1583 16.60 16.82 1598 16.74 16.51
N2 16.72 17.38 16.73 16.94 17.41 16.95 17.11 17.16
P1 1881 1537 1546 1655 18.01 17.38 16.95 17.45
P2 1936 1601 1715 1751 1733 1717 17.15 17.22
Mean 1793 16.61 16.82 -—- 1737 1682 16.94 -—--

N; = Nitrobien at 3 g / pot. P, = Phosphorein at 3 g / pot.

N, = Nitrobien at 6 g /pot P, = Phosphorein at 6 g / pot

Bio-fertilizers (Nitrobien and Phosphorein ) at 3 or 6 g / plant decreased total
carbohydrates contents in the first season, while in the second one an opposite trend
was observed, i.e. Nitrobien at 6 g / pot and Phosphorein at 3 or 6 g / pot increased
total carbohydrates contents. These results are in agreement with those obtained by
Heikal (2005) on thyme plant, found that total carbohydrates, soluble and non soluble
sugars contents were increased by the application of active dry yeast especially at the
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rate of 40g / L. and Sakr (2005) on senna plants, found bio-fertilizers increased total
carbohydrates in leaves, pods, stems, branches and root system.

Interaction between Phosphorein at 6 g / pot or 3 g/ pot and irrigation every 7
days gave the highest total carbohydrates contents in the two seasons, respectively.
Whereas Phosphorein at 3 g / pot plus irrigation every 15 days in the first season , and
Nitrobien at 3 g / pot and irrigation every 11 days in the second season gave the
lowest total carbohydrates contents.

Recommendation :

From the above mentioned results , it can be recommended that, chamomile
(Matricaria chamomilla) plants should be irrigated every 7 days and fertilized with
Nitrobien and Phosphorein at 6 g / pot to increase the yield, oil production and high
main essential oil components.
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