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Abstract: This work aimed to study the combined effect of fertilizers types (chemical fertilization, composted olive
cake, farmyard manure and their combination) and irvigation rates (467, 933 and 1400 m’ffed” ) on the growth, yield of
both inflorescences and volatile oil and some chemical constituents of chamomile plants during the first season
200372004 (less rainy) and second season 2004/20035 (rainy). The oblained results showed that, under the conditions of
North Sinai (El-Arish region), increasing drip irvigation rates from 467 to 1400 miffed. during the second (rainy)
season combined with NPK fertilizers (300, 300 and 100 kg/fed. from ammonium sulphate, calcium superphosphate and
potassium sulphate, respectively) plus farmyard manure resulted in 60.0% increase in inflorescences dry yield/fed. and
71.2% in volatile oil yield more than the same treatments during the first (less rainy) season. However, increasing
irrigation rate during the first season to 1400 m’/fed. gave economic yields of dry inflorescences and volatile oil. The
highest irrigation rate combined with NPK fertilizers plus farmyard manure (30m’/fed ) appeared to give the adequate
balance of nitrogen, phosphorus, potassium and total carbohydrate percenfages in herb. The water use efficiency was
at the highest significant value during the second (rainy) season under the highest irrigation rate (1400 m’/fed ) and
NPK fertilizers plus formyard manure fertilizer.
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INTRODUCTION

Chamomile plants {(Mairicaria chamomilla L)
belong to Fam. Cempositeae (Asteraceae).The local
production of flowers during the winter and early
months of spring gives the crop great woridwide
advantage. There is a need for increase its productivity
to meet the increament in export, which may be
achieved by increasing the cultivated area through
cultivation in newly reclaimed sandy soil at El-Arish by
using the drip irrigation system or rainfall water.

As for the rain precipitation is not always constant,
the needed irrigation rate must be determined to be
enough taking into consideration the amount of rain fall,
so the tested amount of applied drip irrigation water in
this work was half of that normally applied in the dry
area which have less water precipitation.

Sandy soils have their own problems as single grain
structure, susceptibility to erosion, low levels of
nutrients and microorganisms (Nour, 1999). Therefore,
adding organic manures to sandy soil would improve
their phsico-chemical and biological properties which
increase soil organic matter, cationic exchange capacity,
available nutrients and this in turn stimulates plant
growth and productivity.

In El-Arish, the prices of organic manures, i.e,,
farmyard manure are expensive and they are considered
a source of infection by various diseases and carrying
weed seeds.

Therefore, the objective of the present work was to
study the possibility of using a local organic manure
product (composted olive cake) which is available in a
low price and free from diseases and weed seeds.

Many studies had been published on effect of
fertilization on chamomile plants, Saleh (1962) on

chamomile reported that the different treatments of
fertilization greatly affected the number of flower heads
per plant, as well as, the yield of flower heads of
individual plants. Agena (1975), Kandeel (1982) and
Mohamed (1988) working on Matricaria chamomiila
showed that oil percentage and yield increased with
increasing the dose of nitrogen. Also, Jolivet (1977) on
Roman chamomile {Anthemis nobilis) mentioned that
NPK application gave the highest yield of essential oil.

Also, Emongor and Chweya (1992) found that N
fertilization {up to 150 mg/pot) significantly increased
the oil vieid/unit flower DW in both cultivars of
Matricaria chamomilla and Matricaria recutita. Johri et
al. (1992) on Matricaria recutita concluded that N
application at 60 kg/ha increased flower and oil yields
as well as oil content. Essa (1999) on chamomile
indicated that the fresh and dry weights of the flowers
heads increased for the plants received high soil
fertilizer (400+400+100 kg/fed) of ammonium nitrate,
calcium super phosphate and potassium sulphate
respectively,

Concerning organic fertilization on chamomile plant,
Gindich and Sheberstov (1969) found that addition of
20 tha of organic fertilizers raised the yield of
chamomile flowers by 51% at new reclaimed sandy soil.

Using poultry manure, chemical fertilization and
drip irrigation could be conserved the limited water
resources and to increase water use efficiency, Kamel-
Dawh et al. (2002) on Matricaria chamomilla L., in
sandy soil, found that irrigation rate to 2802
m’water/fed./season (126 Uplant/ season) combined
with NPK (300, 300 and 100 kg /fed. of ammonium
sulphate, calcium superphosphate and potassium
sulphate, respectively) plus 20 m*/fed. pouliry manure
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increased inflorescences vield compared to 934 m’
water /fed. /season (42 l/plant/season).

There is no doubt that chemical fertilizers are
essential in most cropping systems if maximum yield are
to be realized. However, application of mineral
fertilizers in long term causes some problems especially
environmental pollution and public health risk (Top ef
al. 2002). So, application of organic manure can be used
as an environment and reduce the polution of
underground water,

The literature on the effect of organic residues and

chemical fertilization treatments under rain conditions

in sandy soil on chamomile plants characters not
known. So, the present study was carried out to
investigate the effect of composted olive cake in
comparison with other manures and chemical
fertilization with three irrigation rates on the vegitative
growth, flowers production and oil yield of Matricaria
chamomilla L. plants under El-Arish region and rain
conditions.

MATERIALS AND METHODS

This study was carried out during the two
successive winter seasons of 2003/2004 and 2004 /2005
in the Experimental Farm of Fac. of Environmental
Agric. Sciences, El-Arish, North Sinai Governorate,
under sandy soil conditions using drip irrigation system
to study the effect of chemical fertilization, composted
olive cake and farmyard manure combined with
irrigation water quantities during less rainy and rainy
seasons on growth, inflorescences yield, volatile oil

yield and some chemical constituents in herb as well as

water use efficiency of chamomile plants,

The seeds of Mairicaria chamomilla L. were sown
in the nursery on October 1%, in both seasons of 2003
and 2004. Uniform seedlings about 10 cm lengths were
transplanted on November 15® to the sandy soil. Drip
irrigation system was used. The chemical analysis of
soil and underground water used for irrigation were
carried out using Atomic Absorption spectrophotometer
according to Page (1982) and presented in Table A.

This experiment included 18 treatments which were
the combination of 6 fertilizers types and three amounts
of irrigation water. Fertilization treatments were
randomly arranged in the main plots and imigation
amounts were randomly distributed in the sub plots.

Fertilizers Types

A) NPK fertilization was 300, 300 and 100 kg/fed. as
ammonium sulphate (20.5%N), calcium super- phosphate
(15.5%P;05) and potassium sulphate  (48%K;0)
respectively, as recommended by Kamel-Dawh et. al.
(2002).

B) Composted olive cake (COC) 30m*fed.

C) Farmyard manure (FYM) 30m® /fed.

D) NPK (300, 300 and 100 kgffed) + COC (30
m/fed.),

E) NPK (300, 300 and 100 kg/fed) + FYM (30
m*/fed.),

F) NPK (300, 300 and 100kg/fed.) + COC (15m® /fed.)
+FYM (13m’® /fed.).

Trrigation Rates (m*fed.)

A} Imrigation time 15 minutes /7 days (equal 467
mifed),

B) Irrigation time 30 minutes/7days (equal 933
m?/fed.}, and

C) Irrigation time 45 minutes/7 days (equal 1400
m’/fed.).

The experimental unit area was 10.8m? Every unit
contained three dripper lines with 18m length each. The
distance between lines was 60 cm and between drippers
was 30 cm (between seedlings). Every experimental unit
contained 60 plants (about 23333 plants /fed.).

The two organic manures were composted for three
months before applying. During composting period.
manures were wetted and mixed every two weeks.
Farmyard manure (FYM]} and local organic composted
olive cake (COC) were applied at soil preparation in the
row and covered with 10cm soil. The farmyard manure
was obtained from Animal Production Farm, Fac, of
Environmental Agric. Sciences, El-Arish, North Sinai.
Pressed olive cake represents the majority of agro
industrial by-products in El-Arish. There are aboul
35.000 ton olive product/ year and about 3000 ton
pressed olive cake/year (Information Center of North
Sinai Governorate, Agric. Dep. March 2000). The
chemical fertilization was applied as soil dressing
beside dripper. The amount of chemical fertilizer
treatments were divided into six equal doses, the first
dose was applied after one month from transplanting,
whereas the other five doses were applied weekly, The
chemical analyses of farmyard manure and composted
olive cake are presented in Table B.

The irrigation treatments in the experiments startcd
at 10 days after seedling and were added by seven days
intervals (which equal 20 irrigates/season) in the
moming. The water was added using water  counter
and time control with dripper discharge (4 I/h. at 1.0
bar.).

The rain quantities which were downward on El-
Arish region during the first and second seasons and
other meteorological are illustrated in Table C. The total
amounts of rain m'ffed./season = length of rain
(mm)/1000 x 4200 m* = m*/fed.

A random sample of three plants in the middle line from
each plot was used for evaluating the data as the
following: (A) Fresh and dry weights of herb, fresh and
dry weights af yearly yield of inflorescences/plant (g)
and dry yield of inflorescence (kg/fed). (B) Oil
percentage was determined in the dry flower heads by
water distillation method according te the British
Pharmacopoeia (1963). The mean of oil yield was
calculated by multiplying oil percentage by the dry
weight of flower heads. (C) Chemical analysis of
samples of the herb of chamomile at the full flowering
stage were taking and dried at 70°C and nitrogen,
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Table A: Some characteristics of chemical analysis (soluble ions in 1:5 extract) of soil and underground water
before conducting experiments

Soil
Chemical properties First season 2003/2004 Second season Water
2004/2005

Ca (meq./1") 3.03 2.10 18.12
Mg:' {meq./1") 2.11 220 20.20
Na {meg./1") 1.18 4.49 17.72
Kt {meq./I'") 0.48 031 0.25
Ccr {meq./1") 1.02 230 38.40
Coy~ (megq./™) - - -
Hcos™ {meg./I'") ] 2.00 2.40 6.25
So,” {meq./I'") 3.78 4.40 11.64
EC. {dsm™ 0.68 0.91 5.65
pH in (1:2.5 extract) 8.10 8.20 6.70
Organic matter (%) 0.16 0.21 -
CaC0, % in air dried soil ‘ 395 395 -

Table B: Chemical analysis of the used farmyard manure and composted olive cake

Organic matter

Organic manure source N (%) POs(%) K,O(%) %)
(]

Farmyard manure 2.76 3.1 2.3 : : 26.0

Composted olive cake 6.00 1.7 1.2 42.0

Table C: The meteorological data of El-Arish region during the first (2003/2004) and second (2004/2005) seasons*

Temperature(oC) R.H.% Rain (mm/month)
Month First season Second season First season Second season First Second
onths

Max. Min, Max. Min. Max Min Max Min season season
Nov. 243 11.4 253 14.0 99.6 66.5 97.0 60.3 1.5 64.5
Dec. 211 .74 19.9 8.42 93.9 48.6 99.0 62.8 8.0 51.5
Jan. 17.0 7.30 20.5 3.0 100 67.0 99.0 56.0 6.0 44.5
. Feb. 224 9.20 203 89 99.1 50.1 99.5 50.0 1.5 85
“Mar. 224 - 109 229 11.0 97 59.0 96.0 61.0 10,5 28.0
Apr, 248 12,7 257 12.7 99 57.0 100 54.0 - 250
Total ' 27.5 222

*Cited from: Monihly Journal of Agric. Meteorological. Agric. Research Center, Ministry of Agriculture, A R.E,
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phosphorus, potassium and total carbohydrates were
determined according to the method described by
AO.A.C. (1980), Hucker and Catroux (1980), Brown
and Lillitand (1946) and Dubois er al{1956),
respectively. (D) Plant water use efficiency expressed as
water economy was calculated wsing the following
equation. Water economy = {[dry inflorescences yield
(kg/fed.)] / [total amount of applied water {m’/fed.)]}
(kg/m?).

The experimental design was factorial experiment

with two factors; i.e., fertilization types and irrigation
rates conducted with three replicates.
The obtained data were subjected to statistical analysis
of variance according to Snedecor and Cochran (1980)
and means separation were done according to Duncan
(1938).

RESULTS

The Main Effect of Irrigation

Data in Tables 1 and 2 indicate that the highest
irrigation rate (1400 m’/fed.) resulted in the highest
significant values of the fresh and dry weights of herb
and inflorescences/plant and per fed. As the irrigation
rate decreased to (467 m’/fed.) parallel significant
decrease in this value was recorded. On the contrary, oil
percentage in the dried inflorescence decreased
significantly with the high irrigation rate while
significant  increases in oil yield /plant and per fed.
were clear in as irrigation rate increased. This was due
to the significant increase in the dry yield of
inflorescences rather than the effect of oil percentage.

It is worth that the mentioned characteristics
recorded high values in the second season than the first
one. This may be due to the high amounts of rain water
during the second season since it was 222 mm against
27.5 mm for the first season. This amount of rain water
in addition to applied irrigation rate (1400 m*/fed.)
raised the received amount of water to be 2332.4 m’/fed.
which resulied in the highest values for studied
characters. In this concem the dry yield of
inflorescences/fed. during the second season reached
871.4 kg/fed. against 529.1 kg/fed. during the first
season.

Concerning the main effect of irrigation on total
nitrogen, phosphorus, potassium and total carbohydrate
percentages, it is clear from Tables 2 and 3 that the
highest nitrogen percentage (4.13 %) was obtained with
medium level of irrigation (933 m/fed.) during the
second season while the least value (3.76 %) was belong
to the least level of irrigation (467 m*/fed.) during the
first season. On the other side, a parallel signilicant
increase in  phosphorus, potassium and total
carbohydrate percentages were recorded as irrigation
level increased, where the highest values were recorded
with the highest irrigation rate.

The Main Effect of Fertilization

Data in Tables | and 2 show the main effect of
fertilization. [t is clear that the highest fresh and dry
weights of herb and inflorescences per plant as well as
the dry weight of inflorescences/fed. were obtained

from NPK fertilization plus FYM treatments, while the
least values were recorded from using COC fertilization
treatment alone, Also, similar trend was obtained
concerning volatile oil percentage and yield/ fed.

The main effect of fertilization treatments on
nitrogen, phosphorus, potassium and total carbohydrate
percentages in the herb of chamomile plants in Tables 2
and 3 show that the highest total nitrogen percentage
was obtained from using COC fertilization treatment
(30 m'/fed.) followed by using NPK + COC fertilization
treatment, while FYM fertilization (30 m*fed.) alone
showed the highest significant percentages of
phosphorus and potasstum. However, COC fertilization
alone or combined with NPK fertilization were more
effective in enhancing total carbohydrate percentage.
The other treatments resulted in less total carbohydrate
percentage.

The Interaction Effect

It is clear from Tables 4 and 5 that the highest fresh
and dry weights of herb and dry weight of vearly yield
of inflorescences/plant and per fed. were obtained
during the second (rainy) season combined with the
highest irrigation rate (1400 m*/fed.) and fertilized with
NPK plus FYM fertilization. On the contrary, the
highest volatile oil percentages (0.68 and 0.67 %) were
obtained during the second (rainy) season when
combined with low and medium levels (467 and 933
m'/fed., respectively) of irrigation and fertilized with
NPK plus FYM treatments. The least velatile oil
percentage (0.38 %) was obtained during the first (less
rainy) season even received the highest irrigation rate
and fertilized with COC. This meant that the less water
emendation and using COC [fertilization had a
detrimental effect on volatile oil synthesis.

Data of Table 5 indicate that the highest volatile oil
vield/fed. (7.36 1) was obtained during the second
(rainy) season combined with the highest irrigation rate
and fertilized with NPK plus FYM.

The interaction effect in Table 5 show that the
highest total nitrogen percentage was recorded with
medium irrigation rate during the second (rainy) season
and combined with CQC fertilization, while there was
no significant effect for the interaction on phosphorus,
potassium and total carbohydrates percentages, Table 6.
As for using high irrigation rate (1400 m'/fed.) during
the rainy season, the data in Table 6 indicate that this
rate of irrigation when combined with NPK fertilizers
plus FYM proved to be efficacious in obtaining the
highest water use efficiency.

DISCUSSION

The results of this work indicate the less rainy
season (27.5 mmy/season equal 115.5 m¥fed.) decreased
the vegetative growth and inflorescences yield even
when combined with the used highest irrigation rate
1400 m*fed. comparing to the rainy season (222
mm/scason equal 932.4 m*/fed.). This indicates that
using irrigation rate 1400 m’Aed. without rainfall not
less than 222 mm/season during growih period is not
enough to produce adequate yield of chamomile plant.



Table I: The main effect of fertilizers types and irrigation rates treatments on  dry yield of inﬂorescénce/fed., volatile oil percentage

and yield/fed. as well as nitrogen percentage of chamomile plant during 2003/2004 and 2004/2005 seasons

Fresh weight of yearly Dry weight
Fresh weight of herb Dry weight of herb ield of of yearly yield of
Treatments (g/plant) (g/plant) inflorescence inflorescence
_ (g/plant) (g/plant)
First Second First Second First Second First Second
season season Season season season season season season
Fertilizers types
NPK 12994 ¢ 192354 21.95¢ 25.75d 53.98d 8248 1244 ¢ 18924
coC 9597d 169.75d 16.274d 2290d 40.10e 71.64f 941 d 1625e
FYM 13826bc  226.59¢ 23.75¢ 3020¢ 5582¢ 98.61d 1261 ¢ 2241¢
NPK+COC 16093 b 255.18b 2745hb 33.55b 64.57b 11222¢ 14.40b 24.52b
NPK+FYM 223.28a 289.71a 3630a 40.28 a 87.02a 130.12a 1895a 3143a

NPK+COC+FYM 21393a 27648 ab
Irrigation rates

(m*/fed.)

467 48.73 ¢ 8274 ¢
933 18288b  279.03b
1400 24955a  343.11a

3403a 39.12a

958¢c 13.03 ¢
3263b 3797b
3766a 4490a

854l1a 123.04b

1728 ¢ 31.06¢
70.71b 11823 b
105.46a 159.77 a

18.70a 3025a

416¢ 732¢
16.42b 2723 b
22672 3734 a

NPK= chemical fertilization, COC= compost olive cake and FYM=farm yard manure. Values heaving the same alphabetical letters did not

significantly differ at 0.05 level of significance according to Duncan's multiple range tests.
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Table 2: The main effect of fertilizers types mld.irrigation rates treatments on  dry yield of inﬂorescénce/fed., volatile oil percentage
and yield/fed. as well as nitrogen percentage of chamomile plant during 2003/2004 and 2004/2005 seasons

Dry yield of . Volatile oil .
inlﬁr};scence VOI(a.,;l le oil aig]ld Nm;ogen
(Kg ffed.) °) (ﬁ/fen% .
Treatments First Second First Second First ‘Second First Second
season season season season season ‘Season season season
Fertilizers types
NPK 2903 ¢ 441.4d 0.444d 049 ¢ 1.23d 2.08¢e 398b 392¢
CcocC 219.6d 3793e 042d 047d 0.88¢e 1.72f 499 a 5.14a
FYM 2943 ¢ 5229c¢ 0.54 ¢ 0.57b 1.57 ¢ 291 ¢ 3.58d 3.18¢
NPKHCOC 336.1b 5723b 036e 042d 1.18d 2.37d 449b 463b
NPK+FYM 442.1a 7333a 0.60 a 065a . 262a 472a 327e 295¢f
NPKHCOC+FYM 436.5a 706.0 2 054 b 058b 2340 4.09b 3.7 ¢ 3.53d
Irrigation rates
(m*/fed.)
467 972¢ 170.8 c 052a 056a 052c¢ 099¢ 388¢ 3.76b
033 383.1b 6355b 0470 052b 1.87b 341b 413a 4.02a
1400 529.1a 8714 a 045¢ 050c 252a 455a 401b 390b

NPK= chemical fertilization, COC= compost olive cake and FYM="farm yard manure. Values heaving the same alphabetical
letters did not significantly differ at 0.05 level of significance according to Duncan's multiple range tests.

Tl

900Z ‘AMEBN3N-I] PUE II'Y




Table 3: The main effect of fertilizers types and irrigation rates treatments on  phosphorus, potassium, total carbohydrate percentages
and water use efficiency of chamomile plant during 2003/2004 and 2004/2005 seasons

Phosphorus Potassium Total carbohydrate Water use et;ﬁciency
(%) (%) () (kg/m’)
Treatments TR RS T e R o e I T e
season season season season season season season season
Fertilizers types
NPK 0.40¢ 043¢ 2.56¢ 237¢ 11.75 be 11.48 cd 0.26 be 022¢
cocC 023 f 0.20f 1.89 f 1.78 f 1262a 12.67b 0.19¢ 0.19¢
FYM 0.60 a 0.56 a 3.06a - 2.83a 12250 11.86 ¢ 0.26 be 0.26 ¢
NPK+COC 029 028e 221e 222e 12.86a 1293 a 030b 0.29 ab
NPK+FYM 0.50 b 0510 281b 2.60b 11.59¢ 11.00 f 0.38a 0.37a

NPK+COC+FYM 0.34d 0.33d 237d 229d 12.10b 1153 e 0.37 ab 0.35 ab
Irrigation rates

(m’fed.)

467 036¢ 0.36¢ 23%9¢c 225¢ 10.88 ¢ 997c 0.17¢ 0.12¢
933 040b 0.38b 249b 2360 12.09b . 11.58b 037a 0.34b
1400 042 a 042a 2.57a 243 a 13.6la 14.18 a 035b 0.37a

NPK= chemical fertilization, COC= compost olive cake and FYM=farm yard manure. Values heaving the same alphabetical
letters did not significantly differ at 0.05 level of significance according to Duncan's multiple range tests.

PLp2LgBLY 30 AlaRenpald uo seey uonedua] dug pire sadfy, siszi|iis,] swos jo 19a))g

£l




114

Ali and El-Mekawy, 2006

Table 4: Effect of interaction between fertilizers types and irrigation rates treatments on fresh and dry weights of
herb/plant and fresh and dry of yearly yield of inflorescences/plant of chamomile plants during 2003/2004

and 2004/2005 seasons

Treatments

Irrigation rates (m’/fed.)

467 9233

1400 467 933 1400

Fertilizers types First season

Second season

Fresh weight of herb (g/plant)

NPK 3864g 161.30cd 189.88 ¢ 5028 h 24813 ¢ 27864 d
cocC ' 32161z 113.60¢e 142.16d 46.18 h 21960 24347 ef
FYM 4640 fg 172.15¢ 19%.24¢c 7213 gh 27840d 32924 ¢
NPK+COC 53481z 18320¢ 2434210 9.l6g 30273 ¢ 368.66b
NPK+FYM 64.23 f 237256 368.35a 12131g 31534¢ 43249a
NPK+COC+FYM 5177 1g 22975b 354268 11235¢g 31095¢ 406.15a
Dry weight of herb (g/plant)
NPK 743 h 2805e 3038 de 819k 34065¢€ 3440f
CcocC 6.67h 1958 22561 757k 3086 g 3027g
FYM 9.39 gh 3020 de 31.65d 1144 j 3843e 40.74 gh
NPK+COC 9.59 gh 3271d 4006 ¢ 14754 40.94 de 4495¢
NPK+FYM 1287¢g 4393 b 5210a 1837h 41.49d 60.98a
NPK+COC+FYM 11.55g 4132bc 4923a 1784 h 41464 58.07ab
Fresh weight of yearly yield of inflorescence(g/plant)
NPK 1431 jk 64.00 g Bisde 1832p 1013 1278 ¢
coC 119k 4544 h 6290¢g 1638 p §7.84k 110.7i
FYM 1663 j 684 f 82380¢ 26.M0 1160k 153.1d
NPK+COC 18.99 14 69.92 f 1043¢ 3546n 1289¢ 1723¢
NPK+FYM 2155i 88.52d 1510a 46251 140.1 e 204.0a
NPK+COC+FYM 20271 88.36d 1476b 4321 m 1352 190.7b
Dry weight of yearly vield of inflorescence(g/plant)
NPK 343 hi 15.52¢ 18.38d 474 m 2316 h 28.86e
CoC ' 286 i 114l g 1397 1 378 m 20.16 i 2483 g
FYM 4.00 hi 1584 e 18.00 d 624 1 26481 345tc
NPK+COC 458 h 160%¢ 2254 b 824 k 2955¢ 35 79c¢
NPK+FYM 523h 1984¢1982c 3178 a 3140 1085j1007j 3258d3147 508624923
NPR+COC+FYM 4.90 h a : d b

NPK= chemical fertilization, COC= compost olive cake and FYM= farmyard manure. Values heaving the same alphabetical
letters did not significantly differ at 0.05 level of significance according to Duncan's multiple range test.

In this regard Abd-El-Moneim (1999) pointed that
three supplementary irrigations gave the highest means
of vegetative growth and yield characters of wheat plant
when rainfall was 86.4 or 96.8 m’/season in El-Arish
district (North Sinai). )

The obtained results could be assured by the
previous work of Kamel- Dawh er al (2002) on
chamomile cultivated in El-Kassasin, Ismaillia
Governorate in sandy soil where the rainfall were 8.7
and 5.6 mm/season equal 36.54 and 23.52 m/fed.
during two seasons. The author found that increasing
the irrigation rate to 1868 or 2802 m*/fed. resulted in
economical yield of dry inflorescences/fed. as 514.33
and 555.79 kg/fed., respectively. The highest irrigation
rate used in the herein work was 1400 m’/fed. it was
half of that used in the previous work by Kamel-Dawh
et al. (2002). So, it is clear that using 1400 m'/fed.
during the less rainy season is not enough, but it appear
to be suitable when rainfall not less than 222 mm/season

to obtain high yield of dry inflorescences as 529.1 and
871.4 kg/fed(Table 2) during the first and second
seasons, respectively as main effect of irrigation.

in the herein work the increase in fresh and dry
weights of herb/plant and  yearly. yield of
inflorescences/plant and per fed. by increasing the
irrigation levels could be explained by either increasing
the number of cell layers in the cell expanding zone and
cambial zone according to high level of irrigation, or as
a result of water availability that increased cell division
as mentioned by Abe and Nakai (1999). Moreover,
Kozlowski (1971} concluded that internal waler stress
influences shoot growth through its effect on cell
expansion of performed shoot primordial and
development of new primordial. Also water stress

" depresses RNA level and consequently retards growth.

Such resuits might be due to that water stress reduces
the development of lateral buds, which affect number of
branches.
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Table 5: Effect of interaction between fertilizers types and irrigation rafes treatments on dry yield of
inflorescences/fed., volatile oil percentages and yield/fed. as well as nitrogen percentage of chamomile

plants during 2003/2004 and 2004/2005 seasons

Treatments Irrigation rates (m*/fed.)

467 233 1400 467 933 1400
Fertilizers types First season Second season

Dry yield of inflorescence (kg/fed.)
NPK 80.0 hi 362.1e 4289d 1106 m 54041 6734¢
coc 667 i 262¢ 3260 £ 882 m 4704 5794¢g
FYM 93.3 hi 369.6¢ 4200d 1456 1 6179f 8052¢
NPK+COC 1069 h 3754¢ 5260b 1923k 689.5¢ 835.1¢c
NPK+FYM 1220 h 4629c4625¢c T41.5a7327a 253223505 7602d7343d 1i86.7a
NPKAHCOC+FYM 1143 h 11487b
Velatile oil (%)
NPK 050¢ 043 d 040d 055¢ 047d 046d
cocC 04%c 040d 056 b 0.38ed 051cd 046d 044d
FYM 057b 0.36de 050¢ 060b 058 bc 053¢
NPKHCOC 038de 0.60 ab 03dc 045d 042de 040¢
NPK+FYM 064a 0.52bc 058b 0.68a 067a 062 b
NPK+COCHFYM T 036b 0.54be 060 b 0.57bc 0.58 bhe
Volatile oil yield (L/fed.)
NIK 0400 1.56h 1.72g 0.61n 2541 3lGg
coC 033p 107k 124 0.45n 216] 2531
FYM 053n 207¢ 2.10¢ 087m 338¢ 427d
NPK+COC 04lo 1351 1.79F 0.86m 290h 34T
NPK+FYM 0781 064 278¢c 430a 1.72k 509¢ 7362
NPFK+COC+FYM m 244d 395 1411 4.19d 6660
Nitrogen (%)

NPK 389f 415¢ 3.91f 370h 419f 387¢g
cocC 483c¢ 517a 497b 489¢ 540a 512b
FYM 355h 3604 358h 3155k 321j 3185k
NPK+COC 422¢ 465d 460d 450¢e 473d 4.65d
NPK+FYM 3l8] 365 34010 325 2841 2921 364k 310k 330¢
NPI+COCHFYM eh 1826 3¢ 3451

NPK= chemical fertslization, COC= compost olive cake and FYM= farmyard manure. Values heaving the same alphabetical
letters did not significantly differ at 0.05 level of significance according to Duncan's multiple range test

The increase in fresh and dry weights of herb/plant
and yearly yield of inflorescences/plant as well as per
fed, of chamomile plants by increasing irrigation
quantity resulted in lov.er stomata resistance, and hence
higher conductance and photosynthetic activity, On the
other hand, unfavorable effect of drought on fresh and
dry matter production might be to the reduction in
uptake of nutritionai elements that cause a disturbance
in the physiologica! processes needed for plant growth
(Slatyer, 1969) and for to the reduction in leaf area and
photosynthatic rate (Fisher and Hogan, 1965) and /or w0
that low water level also caused reduction in CO;
assimilation due to stomata close (Hsiao and Acevedo,
1974) and /or to that the photosynthetic efficiency bzgan
to decrease with a slight deficit in the soil moisture
content due (o the decrease in the mesophyll
photosynthetic activity at high xylem water potential
(Gawish, 1992), This in turn might explain the reduction
in fresh and dry weights of chamomile herb with
decreasing imigation water quantity,

Application of high level of water resulted in an
increase  in  phosphorus, polassium  and  total
carbol.ydrate nercentages in herb of chamomile plant,
which might be attributed to stipulaiory elfect of weter
on absorbing efficiency of planis through out their great
solubility, as suggested by Shimshi, (1969) who
revealed that high moisture stress reduced: the
availability of minerals. In addition, the increase in
nitrogen, phosphorus, potassium and total carbohydrate -
percentages might be atfributed to the increase it lzaves
dry matter accumulation wiih increasiag water level:.

Since the water content can cver be a directly
limiting factor in photosynthesis (Fogg, 1972) therefore,
the accamulative carbohvdrates with increusc of
irrigation levels.

As for the fertilization effect (Table 2), it is clear
that using NPK plus F¥M at 30 m'/fed. was the
effective treatment to produce 432.1 and 733.3 kg/led.
of the dry inflorescences and 2.52 asd 4.72 V%ed. of
volati'c of! dering the Trst and secend cascae,
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Table 6: Effect of interaction between fertilization types and irrigation rates treatments on phosphorus, potassium
and total carbohydrate percentages as well as water use efficiency of chamomile plants during 2003/2004

and 2004/2005 seasons
Treatments Irrigation rates (m*/fed.)
Fertilizers types . 467 933 1400 467 933 1400
First season Second season
- Phosphorus (%)
NPK 037a 040a 043a N40a 042a 048a
coC 0.18a 022a 028 'Sa 020a 025a
FYM 056a 060a 064a o 056a 0582
NPK+COC 028a 030a 0.30a - 028a 0.30a
NPK+FYM 046a 05la 052a U 0503 054a
NPK+COC+FYM 0.32a 0.34a 0.36a 030a 032a 038a
. Potassium (%)
NPK 250a 2542 263a 232a 238a 242a
coc 162a 19 a 2102 1.48a 182a 2Ma
FYM 3.00a 3.05a 3.02a 280a 282a 286a
NPK+COC 2.16a 219a 228a 2.1%a 221a 225a
NPK+FYM 278a 280a 284a 245a 263a 272a
NPK+HCOC+FYM 230a 238a 2423 226a 230a 230a
Total carbohydrate (%)
NPK 1046a 1H.73a 13.05a 987a 10.85a 1373a
coC 1153a 1223a 14.11a 1045a 1270a 1487a
FYM 10.74a 12102 13903 10.15a 11322 14.11a
NPK+COC 1165a 1270a 1423a 1050a 12882 1540 a
NPK+FYM 10.30a 1H72a 122 933a 10622 13.05a
NPK+COC+FYM 1060 a 1207a 1362a 954a 11.13a 1391a
Water use efficiency (kg/m’)
NPK 0.137de 0345 be 0233 be 0.079 ef 029 ¢d 0.289 cd
coC 0.115¢ 0254 cd 0215 cd 0063 f 0252d 0.248d
FYM 0.160 de 0353b 0277¢ 0.104 ef 033T¢ 0.345be
NPK+COC 0.184 de 0.338b 0347 bc 0.137¢ 0.370 be 0358 be
NPK+FYM 0209 cd 0441a 0.489a 0.181de 0408 b 0.509a
NPKHCOC+HFYM 0.19%d 044ia 0483 a 0.168¢ 0.3%4 b 0492a
NPK= chemical fertilization, COC= compost olive cake and FYM= farmyard manure. Valyes heaving the same

alphabetical letters did rot significantly differ at 0.05 leve! of significance according to Duncan's multiple range test.

respectively. On the other side, using composted olive
cake alone at 30m’/fed. produced the least yield 219.6
and 379.3 kgffed. of dry inflorescences. Using
combination of NPK plus COC resulted in 336.1 and
572.3 kg/fed. of dry inflorescences and less volatile oil
yield 1.18 and 2.37 l/fed. and using FYM resulted in
294.3 and 522.9 kg/fed, dry inflorescences and 1.57 and
2.91 Vfed. volatile oil yield. So, it is clear that using
NPK (300, 300 and 100 kg/fed.), COC (30 m*/fed.) or
FYM (30 m*/fed.) each alone was not enough to obtain
economic yield in such sandy soil. In this regard, it was
found by Kamel-Dawh ef al: (2002) that rising organic

manure (poultry manure) from 10m’/fed. to 40m’/ fed. -

plus NPK fertilizers at 300, 300 and 100 kg/fed. resulted
in economic yield of dry inflorescences.

Conceming using COC, it was found previously
{Marzouk, 2002) that olive cake in addition to sewage
sludge and tomato residues increased the yield of barley
plant and increased the availability of nitrogen and

phosphorus in sandy and calcareous soils. Also, when
pressed olive cake was used in combination with
chicken manure in sandy soil, the best vegetative
growth and fruit vield of tomato was obtained (El-
Kassas and Abd-El-Mowly, 1999). In the herein work
the used amount of COC, if used alone, may be need to
increase over 30m’ffed. to be used without NPK
fertilization.

Data in Table (3) conceming chemical analysis,
nitrogen, phosphorus, potassium and total carbohydrate
percentages indicate that although COC fertilization
showed the highest total nitrogen and total carbohydrate
percentages in plant herb of chamomile, it decreased
both phosphorus and potassium percentages. So, it
appears to be not efficacious in giving the adequate
balance of these constituents to enhance growth and
flowering. Adding NPK plus COC might improve this
balance to some extent and reflected positively on
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growth and flowering. On the other side, NPK plus
FYM might exhibit the favor balance between these
constituents, so reflected in good vegetative growth and
flowering.

In the herein work, the increments of fresh and dry
weights  of herb/plant and yearly vyield of
inflorescences/plant and per fed. as a result of
application NPK plus FYM may be due to the high
contents of N and its affect on soil properties which
improved the soil fertility through increasing the soil
acidity due to formation of CO; and other otganic acids
(El-Shafie and El-Shikha, 2003). Moreover, application
of organi¢c thanure improve the physio-chemical and
biological properties which increase the dry matter in
soils which may could increase the action of exchange
capacity, encourage the rhizosphere bacteria, which
enhance plant growth by production of phytohormones
as IAA, CYT and GA as reported by Frankenberger and
Arshad (1995). Application of COC separately inhibited

plant growth, this result was agreeable with those

reported by Tesi er al. (1987} who reported that
application of composted olive pressed cake gave poor
plant growth of Tagetes patula nana owing to
phytotoxicity rather than lacked of nutrition.

Concerning, water use efficiency by chamomile
plants, water economy was increased with increasing
the amount of irrigation water. These results are in
harmony with those reported by Ali (2001) on
Hyoscyamus muticus L. plant in North Sinai. In this
concern, Todd (1972) reported that water stress
inhibited nitrate reductive activity. Marschner (1995)
said that water stress depress nitrogenous activity, while
Strecter (1993) reported that a decrease in phloem solute
import presumably inhibits N export and N, fixation
waler limitation for xylem export, It could be concluded
from these reports that water deficit decrease nitrogen's
and nitrate reductive and N fixation which in turn may
affect in vegetative growth, dry matter, carbohydrates
which produce the inflorescences.
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