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Introduction 
Plant growth performance is influenced by soil fertility, as well 

as by application of organic and chemical fertilizers. Nitrogen is the 
major nutrient element required by plants, which present in plant dry 
matter in highest amount.1,2 On the other hand, nitrogen fertilization 
play important role in plant production and quality parameters of food 
products. Nitrogen has a vital role in color development of flowers 
and fruits. However, N in higher amounts may have negative effects 
on many quality traits.3,4 It was shown that flax genotypes respond 
positively to N fertilizer application, in which the highest levels of 
N (80kgN ha-1) produced better growth and yield.5 Application of 
rather low levels of nitrogen (50kgN ha-1) in Milk thistle plants 
resulted in highest quality of essential oil.6 Nevertheless, high rates 
of nitrogen can increase the infection rates of diseases and pest 
damages and may have negative impacts on environment. Nitrogen 
fertilizers needs precise management regarding the time and dosage 
application.3,7 In ornamentals it is better to apply N fertilizers in early 
of plant growth, while later it could have negative effects on plant 
quality and environment.8 Optimum N fertilization can significantly 
improve growth and quality of ornamental plants, particularly when 
soil nitrogen is in low status.9 Marigold (Tagetes spp) is an annual 
and cold intolerance plant from composite family that represents 
one of the main landscape decorative plants particularly in sides of 
public green places. Different marigold varieties with various growth 
habitat and flowering patterns are found on the market. Marigold 
plants are used commercially for extraction of pigments mainly 
carotene and xanthophylls for industrial applications.10 Marigold 
has a flowering period from July to October. This indicates that it 
may have higher nutrient requirements compared to other short-life 
flowers. It represents also a good candidate for cut flower production. 
It is possible to improve marigold’s flower longevity and quality 
by optimum nitrogen nutrition. Therefore, this study was done to 
evaluate the different concentrations of N on marigold growth and 
quality including flower life and nutrient elements content. 

Material and methods
This study was conducted during spring and summer of 2014, 

as pot experiment and in open field conditions. The soil used for 
cultivation was a 1:3 leaf litter plus 2:3 soil from a non cultivated 
plot, which the physiochemical properties are presented in Table 
1. A local variety of dwarf marigold with orange color was used in 
this experiment. Seeds were first sown in trays and in a mixture of 
cocopeat and peatmoss medium (1:1volume). Two weeks later plants 
were emerged under greenhouse conditions. After 4-6 leaf stage and 
at the end of April seedlings were transplanted into the main pots and 
under open air conditions. Three seedlings were transplanted into 
each pot. Treatments were different concentrations of nitrogen (N) 0, 
50, 100 and 200mgNkg-1 soil which one third was added and mixed 
with the soil before transplanting. The remaining urea, representative 
of exact amount of N levels, was applied onto the pot soils in two 
applications (at 6 leaves and before flowering stages). For this 
purpose, stock solution of N was prepared and the exact amount of 
each treatment was added to a given water volume and applied into 
the soil. The experiment arranged in completely randomized design 
with 4 treatments and 4 replications. Black plastic pots with volume 
of nearly 3.5kg soil were used as replication. Pots were irrigated 
once per day based on 80% of the pot soil water holding capacity. 
The first flower buds of plants were appeared on July 25th and few 
days later first flower was completely opened. At harvest and during 
growth period different plant traits including plant height, number of 
leaves, number of lateral shoots, chlorophyll index, flower diameter, 
peduncle length and diameter, flower longevity on plant, leaf area, 
and flowering date of each treatment were recorded. SPAD index 
of leaves was recorded by SPAD meter (model 502 Plus, Illinois, 
USA) by which average of 30 readings for three plants of each 
pot. Average fresh and dry weight of flowers and whole plant were 
measured using a precise balance and were calculated before and 
after drying in oven at 65°C for 72h. Flower diameter and peduncle 
diameter were measured using Kolis from 3 randomly flowers in the 
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Abstract

The growth and morpho physiological parameters of marigold plants were evaluated 
under different nitrogen (N) fertilization during spring and summer of 2014 using pot 
experiment. A soil with no cultivation background and low level of nitrogen was used for 
plant cultivation. Nitrogen from urea and at four levels of 0 (control), 50, 100, 200mgNkg-1 
soil was applied and incorporated into the pot soil before and after transplanting. The results 
showed that marigold overall growth was improved by nitrogen fertilization; however N50 
had no significant effect on plant growth compared to control. Nitrogen levels of N100 and 
N200 were significantly improved plant growth and quality parameters. The plant fresh and 
dry weight, and flower fresh weight were significantly improved by N100 and N200 treatments, 
however for most traits there was no significant difference between N100 and N200 levels. 
Leaf Mg and Ca concentrations as well as flower longevity on plant were highest in N100 
treatment, while Fe and Zn were highest in N200 treatment. Therefore considering the 
negative environmental effects of N fertilization, it is vise indicated from the results to use 
moderate N level for optimum marigold growth and flower quality characteristics.
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middle of main stem from each pot. The plant leaf area was measured 
using leaf area meter (Model CI 202, Germany). Flower longevity 
was calculated from the first day of flower opening until the day of 
collapse. The green fresh leaves of the middle of stem were sampled 
for determination of nutrient elements. Nitrogen was determined 
using Kjeldahl method, K using flame photometer, and Ca, Mg, Fe 
and Zn using atomic absorption apparatus. Data were analyzed with 
SPSS (Version 16), and comparison of means was done at 5% level 
using Duncan’s multiple range test. 

Results
The results showed that height and leaves number of marigold 

plants was significantly increased by N100 and N200 levels, while there 
was no significant difference between N50 and control plants (Table 
2). Average plant fresh and dry weight (Table 2) was significantly 
improved by N100 and N200 but not N50 compared to control plants. 
Flower diameter was significantly increased by only N200, while it 
had no significant difference to N100 treatment (Table 2). There was 
no significant difference among treatments regarding peduncle length; 
however, peduncle diameter was increased only by N200 treatment 
(Table 2). Average flower fresh weight was significantly increased 
by N100 and N200 treatments. Similarly, flower dry weight was highest 
in N200 which showed no difference to N100 treatment. For most of 

measured traits control plants showed the lowest records and there 
was no significant difference between zero control and N50 treatment 
(Table 2). Leaf SPAD value showed significant increase with higher N 
applications (N100 and N200), while N50 had no difference with control 
plants (Figure 1). Average leaf area was significantly increased by N 
levels (Figure 1). The highest leaf area was in N100 which showed no 
significant difference to N200 treatment. The lowest leaf area, similar 
to other parameters, was in control plants. When plants received N200 
they showed significant increase in number of lateral shoots (Figure 
1). Measuring flower longevity on plants showed that the longest 
flowering period was observed in those plants which received N100, 
and the shortest flowering period was in control plants (Figure 1). 
Determination of leaf nutrient elements showed that only N100 and 
N200 treatments resulted in significant increase of leaf N concentration 
compared to control plants (Table 3). There was no treatments 
effect on leaf potassium concentration (Table 3). Leaf magnesium 
concentration was significantly higher in N100 treatment compared 
to control, while showed no difference with N50 and N200 treatments 
(Table 3). Leaf calcium concentration was significantly increased only 
by N100, while there was no significant difference among N200, N50 
and control treatments (Table 3). Leaf iron and zinc concentrations 
were significantly increased in N200, while there was no significant 
difference between N100 and N50 with control plants (Table 3). 

Table 1 Physiochemical properties of the soil used in the experiment

Soil texture Sand (%) Silt (%) Clay (%) EC (ds/m) pH Organic carbon (%) N (%) P (mg/kg) K (mg/kg)

Silty-loamy 30 46 24 0.915 7.17 0.02 0.096 15.2 256

Table 2 Comparison of means for some growth traits of marigold plants under different nitrogen levels. The data are average of four replicates ±SD. Comparison 
of means was done at 5% of Duncan multiple test

N levels Height 
(cm)

Leaf 
Number

Plant FW 
(g)

Plant DW 
(g)

Flower 
diameter (mm)

Peduncle 
length (mm)

Peduncle 
diameter (mm)

Flower FW 
(g)

Flower DW 
(g)

Control 11.8±0.9c 23.8±2.2c 24±1.5b 2.5±0.2b 36.8±1.0b 4.4±0.3a 6.4±0.5b 5.9±0.4b 0.93±0.06b

N 50* 12±1.3c 26.3±2.8bc 27±3.7b 2.5±0.1b 36.9±0.8b 4.5±0.2a 6.5±0.7b 6±0.4b 0.94±0.04b

N 100 14.4±0.8b 28±2.5ab 38±5.3a 2.9±0.3a 37±1.4ab 4.5±0.3a 6.6±0.5b 7±0.6a 0.96±0.01ab

N 200 16.4±1.6a 33±3.4a 44±6.4a 3±0.1a 39.5±1.3a 4.8±0.4a 7.3±0.3a 7.1±0.6a 0.98±0.02a

*N50, N100 and N200 represent the N levels of 50, 100 and 200mg Nkg-1 soil.

Table 3 Comparison of means for marigold leaf nutrients concentration. The data are average of four replicates ±SD. Comparison of means was done at 5% 
of Duncan multiple test.

N levels N (%) K (%) Mg (%) Ca (%) Fe (mg kg-1 DW) Zn (mg kg-1 DW)

Control 1.8±0.2b 2.2±0.26a 0.90±0.05b 2.2±0.23b 59.4±6.1b 44.5±6.0b

N 50* 2±0.18b 2.3±0.18a 0.92±0.10ab 2.3±0.28b 59±5.1b 45.6±3.8b

N 100 2.5±0.21a 2.2±0.24a 1.0±0.12a 2.9±0.40a 61.1±5.5b 45.7±7.4b

N 200 2.8±0.27a 2.3±0.30a 0.93±0.04ab 2.4±0.17ab 70.1±5.2a 50.1±10.9a

*N50, N100 and N200 represent the N levels of 50, 100 and 200mg Nkg-1 soil.
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Figure 1 SPAD value, leaf area, number of lateral shoots and flower longevity on plants of marigold affected by various nitrogen levels. The N levels indicate 0, 
50, 100 and 200 mg kg-1 soil of pure N. comparison of means were done at 5% of Duncan test.

Discussion
The soil which was used in present study had rather low level 

of nitrogen. Other minerals however were in acceptable range. 
Plant growth parameters including vegetative and flowering quality 
parameters were improved by nitrogen levels of N100 and N200; while 
for most parameters there was no significant difference between 
N50 and control. In addition, for most traits there was no significant 
difference between N100 and N200 levels. However, leaf Mg and Ca 
concentrations as well as flower longevity on plant were highest in 
N100 treatment, and leaf Fe and Zn were highest at N200 treatment. 
The no response of plants to N50 can be probably due to ammonium 
fixation of clay minerals of soil.11 Improvement in plant vegetative 
and quality parameters of other ornamental flowers by application of 
nitrogen fertilizers has been also reported.9,12‒14 The similar results 
have been also reported in other studies with food crops.4‒6 Nitrogen 
is the most effective essential nutrient elements in plant vegetative 
growth and it is the main limiting factor for plant production in agro 
ecosystems.2 It plays role in many physiological processes including 
photosynthesis and biosynthesis of amino acids and protein, various 
enzymes, phytohormones and many secondary metabolites.1,3,15 The 
amount and form of nitrogen fertilization has significant effect on plant 
growth and metabolism.2,16 Nitrogen is the most effective nutrients 
in increasing number of lateral shoots, leaf area and chlorophyll 
content of leaves1,2,17 however, various plants may respond different 
concerning these traits.

Flower longevity on plant was significantly highest in N100, despite 
it was also increased by N200 compared to control. Considering the high 

cost of nitrogen fertilizer application and their negative environmental 
effects, it is vise to use less to medium amount of N fertilizers when 
there is no significant reduction in yield and quality.6,7 Determination 
of leaf nutrient concentrations revealed that N100 and N200 resulted 
in higher nutrient status of leaves, however for most nutrients their 
highest content was obtained from N100 treatment (Table 3). Among 
the nutrient elements, nitrogen is well known that different aspects of 
its application can significantly influence the uptake and translocation 
of other nutrients.17 Nitrogen has a general positive interaction with 
most of nutrient elements,2,4,7 and generally increasing N from a 
deficiency level can improve nutrients uptake and their tissue amounts 
of P, Ca, K, Mg, Fe, Zn.4,17 On the other hand increasing N beyond 
sufficiency levels can also negatively influence plant growth and 
quality.16 Nitrogen fertilization has generally significant influence on 
many biochemical quality parameters of plants including the content 
of various secondary metabolites such as vitamins.18 There has been 
also significant increase in antioxidant capacity of plants due to N 
fertilizer application.19 Nevertheless, the amount of N fertilization for 
optimum yield and quality must regarded the environmental standards.

Conclusion
In present study, the vegetative growth and flowering of marigold 

plants were affected by application of nitrogen levels of N100 and 
N200, but not N50mgkg -1. Despite there was no significant difference 
between N100 and N200, but for most growth and quality traits, N100 
had the highest values including highest nutrient contents and longer 
life of flowers on plants. Nitrogen is one of the most important 
essential elements for plant growth and development, and it is also the 
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main limiting factor for plant growth, so, it has a distinct impact on 
vegetative growth and quality production of plants. Nevertheless, due 
to its harmful effects on environment, it is better to use less or medium 
level of nitrogen. Nitrogen as the most important essential elements 
for plant growth and development has a distinct impact on quantity 
and quality production in agriculture.
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