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EFFECT OF NITROGEN ON YIELD AND ACTIVE
CONSTITUENTS OF CALENDULA OFFICINALIS L.

Ibrahim, Zahira T.Z.; Fatma, A. Ahmgd and Elham, M. Attia
Dept. of Medicinal and Aromatic Plants, Desert Research Center, EI-
Matareya, Cairo, Egypt.

he field experiment was carried out during two successive

seasons (2001 = 2002) at Maryout Res. Station to study the
effect of ammonium sulfate (as a source of N fertilization) with
two levels (40 and 60 Kg N/fed.) and its method of application
i.e. all amount added at once or divided into two or three equal
portions after30, 60 and 90 days from transplanting on yield,
volatile oil, carotenoids and minerals content of Calendula
officianlis . flowers. Yield characters i.e. number of
flowers/plant as well as flowers fresh and dry weights were
affected with nitrogen levels and its application. The maximum
yield of flowers was obtained as a result of 60 kg N/fed
especially when this amount was divided into two portions.
Concerning the effect of N application on carotenoids content
and volatile oil percentage, it can be noticed that theése
constituents reached its maximum values also as a result of
using 60 kg N/fed divided into two portions. Minerals slatus
was affected by N fertilization. Rising N level increased N
percentage in flowers. On the other hand, increasing N
fertilization decreased P and K percentage in Calendula
officianlis L. Mowers.

Keywords: nitrogen fertilization, carotenoids, volatile oil, asteraceae,
Calendula officianlis L.

One of the most important ornamental plants is Calendula officianlis L.,
(potmarigold), belongs to family Asteraceac (compositae) which is one of
largest families of plant kingdom. It includes about 25.000 species in over
15.000 genera. Calendula officianlis L. known as ornamental plant for
planting in beds and borders, besides its uses as aromatic, drug and colour
containing plants. The petals of pot marigold flowers contain yellow
pigments fornied of carotenoids, carotene, lycopin and calendulin in
addition to volatile oil (Hussein, 1985). The flowers are used in case of
dysmenorrhea and for the production of calendulin which is used in
colouring food products as jellies and jams.
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Bailey (1947) mentioned that heads of potmarigold are used
sometimes for flavouring in cookary. Grieve (1994) mentioned that only the
common deep orange flowers of potmarigold had a medicinal value. The
florets are used in medicine as vulnerary and anti-emetic. The flowering
plants were formerly used for removing warts and the petals are used to
adultrate safron flowers which are very expensive (Hussein, 1985).

Wallis (1960) stated that potmarigold contains traces of volatile oil,
a bitter principle, and calendulin, the latter being a tasteless substance
swelling in water and used chiefly in the form of the tincture diluted with
water as an application to bruises o promote the absorption of effused blood.
Many investigations were carried out dealing with N fertilization and its
effect on growth and yield of medicinal and aromatic plants, by Jacoub
(1995), Hammam (1996), Bhasker et al. (1998), Ibrahem (2000) and Abd El-
Wahab (2002).

The present work aimed to study the influence of ammonium
sulphate as a source of nitrogen fertilizer as well as the split application of
nitrogen fertilization on flowers yield and active constituents mainly, volatile
oil and carotnoids of Calendula officianlis L.

MATERIALS AND METHODS

The present investigation was carried out during (wo successive
seasons of 2001 and 2002 at Maryout Experimental Station, Alexandria
Governorate, Egypt.

Soil of the experimental area was characterized by loamy sand
texture, with pH 8.4 and about 36.7% CaCO,. Meleorololgical data of
Maryout Res. Station during (2000- 2001 & 2001- 2002) in table (1).

Table (1). Meterological data recovered at the experimental site during
2000-2002.

2000 - 2001 2001 - 2002

Sept. 2000 | 2545 | 7347 559 | Sept.2001 | 2654 7103 0
Oct.2000 | 2208 | 7170 5994 | Oct.2001 | 2290 725 21.37
Nov.2000 | 1908 | 77.59 6.35 Nov. 2001 | 19.82 67.34 3.81
Dec.2000 | 1923 | 7797 5.32 Dee. 2001

Jan. 2001 410 | 7738 2870 | Jan 2002 13.35 7455 | 8255
Feb. 200! 13.85 | 66.8% 838 Feb 2002 | 1337 6081 | 2235
March 2001 | 1742 7489 076 | March2002 | 1411 75.66 381
April 2001 | 194! 66.85 : April 2002 | 2101 68 15 46
May 2001 | 2205 67 54 0.59 May 2002 | 2328 68 01 058

Source : Appli. Meteorolgical Lab., Desert Rescarch Center, El-Matareya, Cairo, Egypt.
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Seeds of Calendula officianlis L. were sown in seed beds on 15"
Sept. for both seasons. Umiform seedlings at 45 days old, about 10 ¢cm. in
height were individually transplanted. All agriculiure practices were applied
(watering as necessary by surface wrrigation)

A sphit plot design wath three repheates was used. The plot area was
six square meters. cach plot contamed (30 plants) as a replicate. The study
included the following trearments.

1. Control (Zero N).
2.60 Kg. N/ted. was applied m three sub treatments
A) Added at once atter 30 days from transplanting.
B) Divided mnto two cqual portons, added after 30 and 60 days from
transplanting, respectively
C) Divided mto three equal portions. added after 30, 60 and 90 days
from transplanting, respectively.
3. 40 kg.N/ted. was applied in three sub treatments:
A) Added at once after 30 days [rom transplanting.
B) Divided mto two equal portions, added after 30 and 60 days from
transplanting. respectively
C) Divided mto three equal portions. added after 30. 60 and 90 days
from transplanting. respectively.

Successive harvests of potmarigold flowers were preformed from
mid Feb. till mid May at weekly intervals every season (2001 and 2002).
Data of flowering characters i.e. number ol flowers per plant, fresh weight of
flowers per plant and air dried weight of flowers per plant and per feddan
were recorded

The percentage of volatile oil in air dried flowers (V/W) was
determined according 1o Guenther (1961). Satisfactory results were obtained
by distilling 100 gm. dried flowers for 2.0 - 2.5 hours using steam
distillation method, till no further increase in the oil was observed.

The carotenoids content was extracted by pure acetone according to
Fadeel (1962). The concentration of carolenoids were  expressed in
(mg./gm.) ol fresh weight ol flowers:

Carotenoids = (4.695 x E440) - (0.268 x Chlorophyll A+B) = mg/L.

Mg/gm = (mg/L x dilution) / weight x 100

where E. = optical density at given wave length. according to Cherry,
(1973).

NP and K elements were determined in the acid digested solution,
using a mixture of hydrogen peroxide and sulfuric acid (4:10). Element
extraction was made on (.2 am.

Nitrogen content in flowers was determined by modified
Microkjeldahl method as described by James (1995).
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Protein  percentage  was estimated by multiplying  nitrogen
percentage by 0.25. This was based on the assumption that the protein
contains 10%% nitrogen, according to Ranganna (1978).

Phosphorus  determination was —carried  out  using  ammonium
molybdate method according to Snell and Snell (1949). The method is
based on the determination ol the blue colour of molybdenum resulted from
the addition of three reagents (ammonium molybdate, hydroquinone and
sodium sullite). The absorbance was read at 660 nm using spectronic 601,
The results were caleulated from a standard curve ol potassium dihydrogen
phosphate. While potassium was estimated using flame photometer method
according to Chapman and Pratt (1901).

The data was statistically analyzed by computer programme (SAS
Institute, 1994). L.S.D. test was used to compare the average means of
treatments.

RESULTS AND DISCUSSION

Flowers yicld and its components

Data recorded in table (2) and fig. (1) indicate that flowers
number/plant as well as [resh and dry weight of flowers were significantly
affected by the interaction between nitrogen levels and its application
method. The highest values of number of flowers/plant tabulated in table (1-
A) and fig. (1-A) were 316.00 and 342.67 obtained from 60 kg N/fed divided
into two portions compared with 273.0 and 291.67produced from adding 40
kg N/fed. divided into two portions in the first and second seasons.
respectively.

The maximum values ol flowers fresh weight (gm./plant) and
flowers dry weight (gn/plant or kg/fed) were obtained as a result of using 60
kgN/fed added in two portions. Data in table (2-B) and fig. (1-B) showed
that the highest values of flowers fresh weight/plant were 299.53 gm. and
331.85 gm. in the first and second seasons, respectively. Meanwhile dividing
the N fertilizer amount into two equal portions had a pronounced effect
compared with those [ertilized with the same amount added at once or
divided into three portions.

Concerning the clfect of nitrogen levels and its application methods
on flowers dry weight, data recorded in tables (2-C and 1-D) and figs. (1-C
and 1-D) showed the same trend which was 28.23 gm. per plant in the first
scason and 29.95 gm per plant in the second scason.

The highest yicld of [Towers dry weight per led. were 564.60 kg and
599.00 kg per fed. in the first and sccond seasons, respectively, as a result of
the interaction between 60 kg N/fed. and dividing it into two portions.

However, it can be concluded that dividing the amount of 60
kgN/fed or 40 kg N/fed into two portions had a significant increase in
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flowers number and yield of flowers compared with other application
methods.

The increase of Mowers yield due to nitrogenous fertilization might
be attributed to the increase in growth leading to more yield in number and
weight of flowers.

These results were in agreement with those obtained on several
medicinal plants by several investigators (Jacoub. 1995; Hammam 1996;
Bhasker ef al., 1998; Attia 2000; Badawi, 2000; Ibrahem, 2000; and Abd-El
Wahab, 2002).

TABLE (2). Effect of Nitrogen levels and application methods on
Calendula officianlis L. during 2001-2002.

Nlevel'™ (A) Number of Nowers/plant (34 Flowers (tesh wt (gm/plant)
1" Season (2001) 2 Season (2002) 1" Season (2001) 2" Season (2002)
Appli. J0Kg |60 K|y, . |40 Kg | 60 Ky oo |40 Kg [ 00 Kg L |40 Kg |60 Ky
methods”™ ™ Nrted | Nfed | M | nrred | Nred. | M | Ntred. | Nired | MO | Nred, | Nrred | ME2

Conurol 218.67|218.67]218.07(240.33]240.35[240.33 [ 204.87 [ 204 87 [ 204.87 | 221.78| 221.78 | 221.78
Once 205.67]286.67]2706.17[281.00]303.00]292.001242 90| 267 12]255.01 |269.00{285.19{277.10
Two portions |273.00(316.00]294.50|291.67|342.67|317.17|252.35|299 53|275.94|277.15|331.85|304.50
Three portions | 270.67]300.33 [ 285.50{279.00{ 31933 | 299.17)245 90| 281 25|263.58|260.00]1302.50{ 281 .25

Mean 257.00{280.42 273.00|501.33 236.59]205 19 250.98|285.35
L.S.D. 0.05 . 11.74 839 24.37 - 9.84
o 14 63 1207 B.54 b 10.67
e 2069 e 17.07 " 12.08 sss 1509

N level'”

(C) Flowers dry

wi (zm./plant)

(1)) Flowers dry wt (kg/led.)

1" Season (2001)

2" Season (2002)

1" Season (2001)

2% Season (2002)

Appli. A0Kg [60Kg],,  |HOKg|60OKg| (. [40Kg[60Kg| |40 Kg|60Kg
nethods™ ™\ N/red. | Nfed | M | Nred | Nred | M | Nifed. | Nired | M | Nifed_ | Nifed.

Mcan

Control 13.90 [ 13.90 | 1300 | 1429 ] 14.29 | 14.29 [278.00{27% 00|278.00|285.80{ 285.80| 285.80
Once 16.15 | 2092 | 1854 | 17.02 ] 21.59 | 19.31 |323.00{-115.40{370.70{340.40|431.80|386.10
Two portions | 18.50 | 2823 [ 2337 | 19.09 | 29.95 | 24.52 |370.00|564.60]467.30|381.80|599.00|490.40
Three portions| 14.12 [ 22.53 | 1833 | 1:1.05 [ 2291 | 17.98 [287.40(-150 60|3060.50{281.00{458.20359.60

Mean 15.67 | 2140 158612219 313.35|42790 317.25[{443.70
L.8.D. 0.05 1 0.13 ? 1.72 25.67 = 3445
i .16 e 142 23.27 oe 2835
e 7.02 ¥er 549 T 14045 e 109.74
*N Level = Appheation © Nlevel x Apphication

Effect of nitrogen levels and its applications on volatile oil percentage
and cartenoids ~ontent in {Towers
Volatile oil percentage

The relation between nitrogen treatments and volatile oil percentage
is shown in table (3). Ii can be noticed that the increase of volatile oil
percentage was parallel o the increase of nitrogen fertilization  level.
Concerning the effect of dividing the fertilizer amount, it can be mentioned
that dividing it into two portions gave the highest values in both seasons.
The maximum values ol volatile oil percentage was obtained as a result of
dividing 60 kg. N/fed . into two portions which were 0.27% and 0.29% in
the first and second scasons. respectively. Thus, nitrogen fertilization might
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enhance volatile oil biosynthesis, through playing _i"(”l'CCl l‘f.’]§ in the volatjle
oil biosynthesis process. In fact, nilrogcn might participate in plant
metabolism resulting in more plant metabolites. .

These results were in agreement with those obtained on severy
medicinal plants by Zheljazkov and Margina (1996), Youssef ef al.(1998)
Ibrahem (2000) and Abd El-Wahab (2002).

Carotenoids contents - L
The data on cartenoids content In Calendula officianlis L. fresh

flowers as affected by nitrogen levels (60 kg N/fed and 40 kg N/fed) and jig
application method are shown in table (4). It was noticed that the greates
carotenoids content were 8.90 mg/gm and 9.95 mg/gm. fresh flowers,
obtained from using the high level of nitrogen fertilizer (60 kg N/fed) whep
divided into two portions in the first and second scasons, respectively.
However, the higher nitrogen level, the higher carotenoids content

L}

and vice versa.
These results concerning the increment of photosynthetic pigments
content may be explained by more availability of mineral to plants due to

more amount of nitrogen enhancing their uptake by the plants.

Mineral status and crude protein percentage in flowers as affected by N
fertilization and its application methods

Average values of N, P, K and crude protein percentages of
potmarigold flowers as affected by different treatments (40 Kg N or 60 kg
N) added once, twice or three portions are presented in table (4). It could be
appeared that nitrogen percentage in flowers increased with the increment of
nitrogen fertilization level. Morcover, dividing the N fertilizer amount into
two portions produced the highest values of nitrogen percentage among all
application methods. The highest N percentages were 3.39% and 4.00%
obtained from 60 kg N/fed divided into two portions in the first and second
seasons, respectively.

On the other hand, high nitrogen fertilization level (60 kg N/fed)
decreased P% and K% in both seasons.

Tolu! crude protein percentage in Calendula officianlis L. dried
flowers as affected by different N fertilization treatments are shown in table
.(4). Generally, the Increase of nitrogen percentage in flowers produced
increment of crude protein. The highest crude protein percentages Were

[ NS 0L (e - i i ; bR : ;
21.-1.9 Jo fm(l _3:13,{) produced from using 60 kg N/fed dividied into WO
portions in the first and second scasons, respectively. The lowest percentages

7 - » DI 2 H et o r = ;
of crude protein in p()l'nhlllg()kl flowers were 7.13% and 7.44% obtained
from control treatments in both seasons.

Abdalla ¢ 991) state T .
fficianli L" s ”1' l(l)”) stated that N fertilization on Calenduld
officianlis L. increased the N content ; . <

ed the N content and decreased the levels of P and K 1P
treated plants.
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Fig. (1). Effect of Nitrogen levels and application nmiethods on Calendula
officianlis L. during 2001-2002.
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TABLE (3). Effect of N fertilization and its application on volatile oi]
percentage and carotenoids content (mg/g) in Calendula
rs during 2001 and 2002 seasons.

Ibralim, Zalira T

Z. et al.,

officinalis L. [lowe

[ season 2001 ]
T — | Contii 40 Kg/ N/led. 60 kg N/fed.
e { ot One Two Three One Two Three
] {potion | portions | portions | portion [ portions | portions
Volaule oil % | |
| 012 018 0.24 0.20 0.20 0.27 0.26
(ml./100 gm) t
Carotenonds | | _
[ 550 | 701 708 6.59 772 8.90 6.50 ;
content img/e V| ‘
! 1
2™ season 2002 .
Volatile ofl & |
0.16 0.19 026 0.19 0.21 0.29 0.24 .
(mL/100 gnn |
Carotenoids |
502 720 7.95 6.61 7.83 9.95 7.14
conient img/2. )

TABLE (4). Effect of N [ertilization and its applications on nitrogen,
phosphorus, potassium and crude protein percentage of

Calendula officianlis L. flowers during the 2001-2002.

First scason (2001)

Egypuan J Decrt Res | 53,

40 kg N/fed. 060 kg N/fed
Element Control
One Two Thiee One Two Three
portion | portions | poriions | portion | portions | portions
|
N 14 ] 22 333 225 | 229 | 3.39 2.31
P 029 | 037 044 049 | 032 | 039 0.40
K 117 | 119 1.10 1S | 112 | 099 1.05
Crudeprotem | 713 | 413 | 2081 | 1406 | 1431 | 21.19 | 1444
Second season (2002)
: !— vl
N 119 | 227 311 234 2.68 4.00 2.85
|
P 036 | 048 040 043 | 046 | 039 040
K 109 | 129 1.18 123 | 120 | 1.05 1.09
Crude protein | 744 ' 1419 | 1944 | 1463 | 1675 | 2503 | 1713

Nu2 (2003)

-4
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