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Campact petal in 22 April
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Figure 1- The trend of leaf area index changes in sparse and compact petal marigold at first planting date (22 April) and
second planting date (2 May) in 57 (C1), 41 (C2), 32 (C3) and 26 (C4) plant densities in square meter
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Figure 2- The trend of total dry weight changes of sparse and compact petal marigold in first planting date (22 April) and
second planting date (2 May) in 57 (C1), 41 (C2), 32 (C3) and 26 (C4) plant densities in square meter
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Table 1- Analysis variance of different levels effect of planting date, plant density and variety on some growth parameters

of marigold
Sl po (1SSbo
Means of square
5 ootd 2ol .. 5 J5 slaws Yoer 5 s
usmv cef PR el J ] ) 039 2 W ~o o,
ource.o LR ) Gy g L] Judg IS . ol
variation Degree of : Number of 1000 o9 i
Plant SPAD A Essential
freedom flowers in seed 7 Oil .
height . Number 7 oil
plant weight
Gl )b 1 292.02™ 42.64™ 43.58™ 15.28 40.92" 34.7"
Planting date
Ve 2 28.69 0.46 0.11 34.06 0.005 0.001
Error 1
Gy 051 3 461.4™ 13.21" 16.71" 12.8 8.95" 56"
Plant density
~°) 1 241.5" 0.81" 10.02" 41.68 0.31" 0.9”
variety
5 x Sl
w8 % o517 3 11.3 1.20" 0.66" 23.7" 0.06" 0.07"
varietyxPlant density
Plant Planting date 3 19.47" 2.40™ 0.46" 11.2" 0.23" 0.3
density
3, x CwslS & ,U
% & 19.2° 2.10™ 0.26™ 5.46" 0.08" 0.011°
varietyxPlanting date
oS Ty % o8, % Cwdls &)U
variety x Planting date 3 12.61™ 0.80™ 0.07™ 3.91™ 0.13™ 027
x Plant density
Vs 28 4.51 0.10 0.09 1.1 0.07 0.04
Error 2
e - 9.2 10.5 75 8.1 6.4 5.8
CV (%)

e pf 9 Joyd 0 5 Moy ) o 43 b e i gy NS § F HE
** * ns: Significant at 1% and 5% probability level, Non-significant difference, respectively
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Table 2- Mean comparison of different levels of planting date, plant density and variety on quantity and quality traits of

marigold
gWw)! Qg D JSdaxs Al Ve 439 oA ls Lo yd -2
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. . 9 .
Treatments Plant height flowers in Seed weight SPAD 20l Essential
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S0 OV
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5o FY
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i Y5
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Variety .3,
2 o5 43200b 1580 b 118.55b 36.98b 15.89b 0.153b
Sparse petal
FR 47.00 a 1726 a 132.01 a 39.10a 16.05 a 0.164 a
Compact petal
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In each column, means which followed by similar letter(s) are not significantly different at 5% probability level.
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Table 3- Mean comparison of interaction effects of planting date x plant density and planting date x variety on quantity and
quality traits of marigold

gyl S5 dlass 3 LU
& & FHIR - t e
L, los ¥ Z Judg IS o) oWl
Treatments Pl'ant Number'of 1000. SPAD . Essential
height flowers in Seed weight %0il v oo
Number 7 oil
(cm) plant (2
43'9{ aY
51.01 a 15.6 cd 9.73 a 422 a 17.84 a 0.224 a
57 plant
S ) 463 b 16.7 ¢ 9.01b 39.1b 17.15b 0.197 b
Cadgdy ¥ 41 plant
22 April G VY 40.05 ¢ 19.11b 771 ¢ 36.4 ¢ 16.74 ¢ 0.163¢
32 Plant
439{ \rd
38.18 cd 24a 7.33d 353 ¢ 16.20d 0.147d
26 plant
439{ aY
38.3d 12.01 f 7.92¢ 344a 1539 ¢ 0.141d
57 plant
5o FY
o2 3332e 123 f 7.05d 30.1b 15.40¢ 0.135 de
Caddigsd )| VY 41 plant
2 May N 292 f 14.04 d 6.26¢ 2728¢  1497g  0.13le
32 Plant
459{ \rd
25.11¢g 16.6 ¢ 493 f 26.6 ¢ 1430 h 0.120 f
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nes 45.5 be 18.1b Ns 3840 16.9b 0.189b
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22 April R 49.4 a 2142 Ns 4142 17.6 2 02102
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T 40.9d 13.8d Ns 33.3d 15.1d 0.142d
“ig) VY Sparse petal
2 May AR 44.6 ¢ 16.03 ¢ Ns 36.02 ¢ 158 ¢ 0.164 ¢
Compact petal
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level



a¥a)

By 93 (S g (o Olhio by S 3alg jud S S LE g Wig o517 9 CoblS G, il

M dbod S 5 oS Slino g1 08, % o515 Blise 1 (il dunglio £ Joia
Table 4- Mean comparison of interaction effects of plant density xvariety on quantity and quality traits of

marigold
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Treatments Plant Number of 1000 SPAD . Essential
height flowersin  Seed weight v.oil o o
Number 7 oil
(cm) plant (2)
S 48.1b 12.4 fg 8.09b 39.02¢c 17.23b 0.192b
&gy OV Sparse petal
57 plant e
50.2 a 13.13 f 9.56 a 40.10 ¢ 17.8 a 0.211a
Compact petal
S 44.5d 146¢ 7.86 be 42.10b 16.64 d 0.162d
$g ¥ Sparse petal
41 plant 2 462 ¢ 1622 ¢ 82b 443a  166¢c  0.173c
Compact petal
nes 412 ¢ 17.01 ¢ 6.48d 35.31e 16.2 f 0.139 ef
Lo VY Sparse petal
32 Plant 2 43.6d 18.4 be 75¢ 3740d 1992 44
Compact petal de
i 346 ¢ 19.2 ab 571e 315fF 156 h 0.120 g
Lo VF Sparse petal
26 plant RR 392 f 213a 6.55d 346ef 158lg  0.131f
Compact petal
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level
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Introduction

Marigold (Calendula officinalis L.) is originated from North West Africa and Mediterranean area, is a
medicinal plant used for several purposes. It is an annual herb or short-lived perennial from the Asteraceae
family with yellow or orange flowers. The Marigold has been used as a traditional medicine and food dye, but is
currently used as an anti-inflammatory and wound healer. It is grown for drug, obtained from the flowers. The
flowers blossom during summer three or more times per year. The essential oil of yellow or orange petals of
Calendula officinalis L. is one of the important yield components which is used for food and medicine.
Moreover, the seed has an oil content of 5-20 %. Seed oil could be used as a binder in paints, coating and
cosmetics.

Growth, development and production of medicinal plants, as well as other plants are affected by genetic and
agronomic factors. Planting date and plant density are two most important factors that can affect yield and yield
components. Planting date affects the quantity and quality of secondary metabolites of medicinal plants. The
optimum sowing date and plant density can improve the light and temperature absorption and other factors
during the growing season. The positive effects of optimal planting date and plant density has been described by
a number of researchers. The Plant population is dependent on the plant characters, growth period, time and
method of cultivation. Also, the suitable sowing date has advantages for maximum production. Early sowing in
the spring causes weakly establishment of plant and late planting date shortens growth period and simultaneous
flowering period due to high temperature in summer. In this study, the effects of plant density and planting date
on physiological indices, quantity and quality of two varieties of spare and compact marigold has been
evaluated.

Materials and Methods

In order to determine the effects of planting date and plant density on physiological indices, quantity and
quality traits of two varieties of marigold (Calendula officinalis L.), a split-factorial experiment with three
replications was carried out in agricultural research station in Arak (latitude: 340 5' N; longitude: 290 42" E; 1757
m altitude) in 2010 the growing season. Soil was silty-loamy with pH of 7.5 and EC of 0.8 Ds ms-1. The
experimental factors included two planting dates (22 April and 2 May), four planting densities (26, 32, 41 and 57
plants/m2) and two varieties (sparse and compact petal). Thinning was performed 20 days after cultivation.
Irrigation was carried out in 7 days intervals. For determination of growth indices, ten plants from each plot cut
from crown and dried for 48 h in oven at 70°C and then weighted. The plant height, number of flowers per plant,
leaf chlorophyll, leaf area index, total dry matter, seed yield, 1000 seed weight, essential oil and grain oil were
measured. The extraction of the essential oil of the flower was performed using the Clevenger apparatus by
steam distillation (1). Extraction of grain, oil was accomplished according to the soxhelet standard method. The
data were analyzed using the statistical analysis system (SAS 9.1) and means were compared using Duncan test
at P <0.05 probability.

Results and Discussion

Results showed that, planting date and plant density had significant effects on physiological indices, plant
height, and number of flowers per plant, 1000 grain weight, chlorophyll index, oil percent and essential oil
percentage of marigold. Late planting and decreasing plant density, reduced leaf area index (LAI), total dry
weight (TDW) and crop growth rate (CGR) indices. The compact petal variety showed the highest growth
indices compared with spare petal plants. On the other hand, early planting, high plant density and compact
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petal variety increased the growth and development of plants. The first planting date had higher leaf area index
compared to second sowing date. It seems that first sowing date made adequate leaf area indices for light and
radiation absorption for photosynthesis. Number of 57 plants per square meter in the first and second planting
dates improved plant height by 25.1 % and 34.4 %, compared to 26 plants per square meter, respectively. It is
noticeable that delay in planting date reduced the mention plant traits. The second planting date (2 May) with 57
plants per square meter in comparison to the first planting date (22 April) decreased chlorophyll index by 18.4%.
The compact petal variation showed the highest number of flower and oil percent in comparison with sparse
petal variety. The compact petal variety in the number of 57, 41, 32 and 26 plants densities increased essential
oil percentage by 9.8, 6.8, 3.5 and 9.1 % compared to sparse petal, respectively. Martin and Deo (32) showed
that the highest flower yield in Calendula officinalis L. was observed in 40 plants/m2 density and April 15
sowing date.
Conclusions

The present study showed that the best result for different traits with the exception of number of flower per
plant achieved in the first sowing date (22 April) with a compact petal variety and 57 plants per square meter.
Therefore, this treatment is suitable for marigold cropping in Arak situation and areas with similar climate and
weather.
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