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ABSTRACT

India has a predominantly agriculture-based economy, and there is an increase in the demand for
food due to its growing population. Several fertilizers are used by farmers throughout the country, but due to
lack of knowledge their use has significantly affected soil fertility, crop growth and production. This study
entitled “Comparative Analysis of Plant Growth and Soil Quality with Chemical, Organic and Hormonal
Fertilizers” was performed using Tagetus plants in triplicates, using the control and three fertilizers while
considering the relevant parameters. Chemical, organic and hormonal fertilizers showed varying effects on
plant growth and soil quality. Studies showed that the all three types of fertilizers showed no significant effect
on pH and the number of leaves. However, organic fertilizers showed the best results in terms of soil moisture
and plant height and chemical fertilizers proved to be the best for higher germination rates and plant girth.
Another important observation was that hormonal fertilizers showed no significant effect on these plants
when compared to the other fertilizers.
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INTRODUCTION

Tagetus plants which are known commonly throughout the world by the name Marigold are perennial
herbaceous plants belonging to the family Asteraceae. They are native to North, Central and South America
and are said to have their origin in Mexico. There are around 33 accepted species of Tagetus all over the world
of which two are the most popular and most widely cultivated species, especially in India — Tagetus erecta
(African marigold) and Tagetus patula (French marigold). In India, they are cultivated majorly in West Bengal,
Maharashtra, Karnataka, Gujarat, Andhra Pradesh, Tamil Nadu and Madhya Pradesh [1]. Depending on the
species of Marigold, the morphological features of the plants vary. Marigold plants are easily cultivable in a
wide variety of soils that are well drained and have an almost neutral pH and require mild climates for
maximum growth and flowering.

In India, Marigold flowers are used for ornamental as well as religious purposes. They are employed in
landscaping and their demand increases by a great deal during festivals like Diwali or Dusshera, where they are
used either in the form of loose cut flowers or as garlands [2]. Marigold plants have been used for therapeutic
purposes since a long time. They are used in the treatment of skin problems, burns, ulcers, eye diseases,
coughs and varicose veins [3], [4]. Tagetus erecta extracts have marked antibacterial effect against a wide
range of gram positive and gram-negative bacteria [2]. Silver nanoparticles synthesized from Tagetus erecta
can be used as an antimicrobial agent [5]. Essential oils from this plant can also be used as antioxidants [6]. The
important carotenoid lutein that is extracted from the florets of this plant is used as a food colourant and is
shown to exhibit anti-mutagenic and anti-clastogenic activity [7]. Other species of Tagetus are used in the
preparation of medicinal teas, mosquito repellents, perfumes and feed for poultry and livestock. The ethanol
and ethyl acetate extracts of marigold flowers show elastase and tyrosinase inhibitory activities as well [8].

India is predominantly an agricultural nation, with agriculture being the broadest economic sector of
India employing about 50% of the workforce. The total cultivable land in India is about 159.7 million hectares
of which around 55.89 thousand hectares are used in the cultivation of Marigold, producing approximately
511.39 thousand metric tonnes of loose cut marigold flowers [9]. Despite this, the demand overshoots the
supply, especially during festive seasons in India. This supply deficit is a result of fragmented land holdings,
scarcity of capital, low seed quality, inadequate irrigation mechanisms, flood and drought and poor agricultural
marketing facilities [10]. Also, improper use of fertilizers by farmers is a potent problem plaguing agriculture in
India [11]. As a result, crop growth, crop production, crop yield and soil fertility is affected.

The fertilizers available in the market can be broadly classified under chemical (NPK fertilizers),
organic (poultry and cattle wastes, vegetable peels) and fertilizers with phytohormones as major components
(auxins, gibberellins, cytokinins). Chemical and organic fertilizers are mostly used for all crops, whereas
hormonal fertilizers are relatively new and are slowly gaining acceptance. There is a general belief that
chemical fertilizers are the best [12], whereas some studies show that organic fertilizers are also as effective as
chemical fertilizers [13], [14], [15]. In certain studies, the efficiency of organic fertilizers has been proved to be
higher, thus making way for the replacement of harmful chemical fertilizers [16]. The major fertilizers used in
cultivation of Marigold are chemical and organic, with chemical giving higher returns in terms of plant growth
and gross production of flowers but its usage proved detrimental to soil quality in the long term [1]. For long
term sustainability and efficient production of flowers, organic fertilizers are better [17]. However, a lot of
studies haven’t been performed on the efficiency of plant growth containing hormonal fertilizers when used in
the cultivation of Marigold.

MATERIALS AND METHODS

The experiment was conducted in School of Sciences, Block — 2, Jain (deemed-to-be) University from
April - September 2018. The Marigold seeds (Tagetus sp.) were acquired from Lalbagh Botanical Garden,
Bengaluru. They were sown in April 2018 in two trenches at a distance of 5 cm and at a depth of 3 cm in well
aerated red soil contained in plastic pots of diameter 12.3 cm and depth of 14.8 cm. The experiment included
pots having fertilizer free soil with marigold seeds as the control and pots containing chemical, organic and
hormonal fertilizers respectively along with marigold seeds as the test. The amount of fertilizer necessary for
each pot was determined using the dimensions of the pot and the amount of soil in it, according to the
instructions given on each fertilizer pack. The fertilizers were applied only on the top layer, followed by
immediate sowing of the seeds. The fertilizer application for each pot is as shown in the table.
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FERTILIZER AMOUNT ‘
Chemical (N:P:K=14:14:14) 2.5 g in 0.5L of water
Organic (Cattle and vegetable wastes) 26¢g
Hormonal (Auxins, Cytokinins) 12¢g

The pots were placed in an area that received adequate sunlight and the average temperature during the
course of the experiment was 27.5°C. Subsequent investigations — 4 tests to assess the plant growth and 2
tests to assess soil quality were conducted thereafter in triplicates.

Plant growth: Germination rate, Height, Girth and Number of leaves

The germination rate was determined by noting down the number of days taken for the first shoots to
appear. The height of the marigold saplings and girth of full-grown flowering plants were determined using a
ruler and Vernier Calipers respectively. The height measurements were taken after 1 week and 3 weeks and
the girth measurements after 3, 3.5 and 4 months after germination. The number of leaves borne by the
saplings were counted after 1 week and 3 weeks of germination.

Soil quality: pH level and Moisture content of the soil

A commercially available soil meter was used to determine the pH and moisture content of the soil
after 1 month of growth. The probe was inserted deeply into the soil at three different areas of the pots and
the values were read directly from the meter console.

The data obtained from the above-mentioned tests were statistically analyzed for standard deviation
and the results obtained were plotted as graphs using MS-Excel software.

RESULTS

The study was aimed at analyzing the effect of chemical, hormonal and organic fertilizer treatment on
marigold cultivation based on soil quality and plant growth. The treated soil and plants were evaluated along
with the control, to draw a comparison of the effect on pH, moisture, germination rate, height, number of
leaves and girth. The values were recorded in triplicates and an average of the trials were considered. The
recorded observations when interpreted graphically, using standard deviation graph showed a significant
effect of the different fertilizer treatments on the above-mentioned parameters.

e pH:

Table 1: Effect of fertilizers on pH
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From the recorded observations, it is evident that the fertilizer treatment did not have a very significant
effect on the pH of the soil. However, a slight change in pH was observed in the case of hormonal and organic
fertilizer, in all the three trials. Due to similarity in the values, the standard deviation is zero. Hence, the data
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cannot be represented as a standard deviation graph.

Moisture:

Moisture content

moisture metre

MOISTURE
2 1.527525232
1.5
1 [0:57735020%/7735016%77350269
0.5
0
No Chemical Hormonal Organic
Fertilizer Fertilizer Fertilizer Fertilizer
{Control)

Type of fertilizer

Figure 1: Standard deviation graph of moisture content of soil with different fertilizer treatments.

The highest average moisture content was recorded in the soil treated with organic fertilizer when
compared to the other fertilizer treated soils. In the standard deviation graph, the bar graphs of the control
and first two fertilizers overlap with each other. Hence, there is no significant difference in their data.
However, the bar graph of the organic fertilizer does not overlap with the others bar graphs indicating a
significant difference between their data. However, to determine whether this difference is statistically

significant, other statistical tests must be performed.

Germination rate:

Days taken for Germination

GERMINATION RATE

1.73205080

5 |1.1547006815470063] 8

15 8 8

1

0.5

0

No Chemical Hormonal Organic

Fertilizer Fertilizer Fertilizer Fertilizer
{Control)

Type of Fertilizer

Figure 2: Standard deviation graph of germination rate of seeds with different fertilizer treatments.

The highest average germination rates were recorded for the seeds inoculated in soil treated with
chemical fertilizer and the control. The standard deviation bar graph of the control and chemical fertilizer
overlap with each other. Hence, there is no significant difference in their data. There is a slight overlap in the
standard deviation graphs of hormonal and organic fertilizers indicating that the difference is probably not
statistically significant. When the bar graphs of the control and chemical fertilizer are compared to that of
hormonal and organic fertilizers, there is no overlap, indicating that there is a difference in their data.
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However, to determine whether the difference is statistically significant, other statistical tests must be

performed.
Height:

IGHT (1 week)

1.7925777
2 88

0.9291573

24
1 0.5291502
62
0.5
0

No fertilizer {(dverdbial Féttilimernal Fefizanic Fertilizer

Type of fertilizer

Figure 3: Standard deviation graph of plant height with different fertilizer treatments (1 week).

In the first week, the highest average height was observed in the plant treated with organic fertilizer.
There is an overlap in the error graphs of chemical and organic fertilizer. Hence, there is no significant
difference in their data. There is no overlap in the graphs of the control and hormonal fertilizer with any other
graph, indicating that there is a difference in their data. However, to determine whether the difference is
statistically significant, other statistical tests must be performed.

HEIGHT (3 weeks)

1.80831413 1.85202591
. 2 |1.B6137185 3
2

7
1.5
1 0.4163332
0.5
0
No Chemical Hormonal Organic
fertilizer Fertilizer Fertilizer Fertilizer
{Control)

Type of fertilizer

Figure 4: Standard deviation graph of plant height with different fertilizer treatments (3 weeks).

In the third week, an increase in the individual plant heights compared to the first week of growth
was observed. Due to an overlap between the graphs of control and organic fertilizer, there is no significant
difference between them. There is no overlap in the graph of hormonal fertilizer with the graphs of the
control, chemical and organic fertilizer, indicating that there is a difference in their data. However, to
determine whether the difference is statistically significant, other statistical tests must be performed.
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Number of leaves:

Table 2: Effect of fertilizers on number of leaves (1 week).

From the recorded observations, it is evident that the number of leaves for different fertilizer
treatments is the same. Due to similarity in the values, the standard deviation is zero. Hence, the data cannot
be represented as a standard deviation graph.

NUMBER OF LEAVES (3 week)
1.527525232
1.6
1.4 11154700538 1.154700538
1.2
v
g 1
L]
=2l 08
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= 0.6
2
el 0.4
3
21 0.2
0
No Fertilizer Chemical Hormonal Organic
{Control) Fertilizer Fertilizer Fertilizer
Type of fertilizer

Figure 5: Standard deviation graph of number of leaves with different fertilizer treatments (3 weeks).

In the third week, an increase in the number of leaves of the plants compared to the first week of
growth was observed. The bar graphs of control and organic fertilizer overlap with each other, indicating that
there is no significant difference in their data. Since the bar graph of chemical fertilizer does not overlap with
the bar graph of any other fertilizer or control, there might be a significant difference in their data. However,
to determine whether the difference is statistically significant, other statistical tests must be performed.
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Girth {in cm
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Figure 6:

(3 months).

Standard deviation graph of plant girth with different fertilizer treatments
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Figure 7: Standard deviation graph of plant girth with different fertilizer treatments
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Figure 8: Standard deviation graph of plant girth with different fertilizer treatments (4 months).

The highest average plant girth was recorded in the plants treated with chemical fertilizers for all the
time durations. A gradual increase in plant girth with time was also recorded. The standard deviation graphs of
the control, hormonal and organic fertilizers slightly overlap for all time durations, which indicates that the
difference in data is probably not statistically significant. However, no overlap is observed in the graph of
chemical fertilizer (for all time periods of experimentation) with respect to that of the others. Hence, there is a
difference in data. To determine whether this difference is statistically significant, other statistical tests must
be performed.

DISCUSSION

Chemical, hormonal and organic fertilizers showed varying effects on pH, moisture, germination rate,
plant height, number of leaves and plant girth. The fertilizer treatment showed no significant effect on the pH
of the soil and acted as an efficient soil buffer against acidity and alkalinity. Organic fertilizers helped enhance
soil quality by retaining moisture content in the soil This may be due to the ability of organic fertilizers to
improve structure of the soil particles. Organic fertilizers also improve organic content of soil, as a result of
which nutrient exchange is enhanced [18]. Highest germination rate was achieved using chemically treated
soil. The most probable reason for this may be due to increased solubility of nutrients which is made directly
readily available to the plants. The germination rate could also be influenced by other environmental factors
which was not a part of our study. It is an important step involved in the life cycle of a plant, and it is highly
influenced by internal and external factors which can result in varying germination patterns [19]. An increase
in plant height, girth and number of leaves was observed with time. The highest plant height was observed in
the case of organic fertilizers, highest plant girth in the case of chemical fertilizer, but the effect of all the
fertilizer treatments on the number of leaves was similar. Another important observation from this study was
that small amounts of chemical fertilizer was enough for treatment of the soil.

CONCLUSION

In conclusion to this study performed using Tagetus plants and three different fertilizers, it is
observed that the effect on each parameter of soil quality and plant growth varies with the type of fertilizer.
The response of Tagetus plants to hormonal fertilizers are not very significant in comparison to organic and
chemical fertilizers. Also, parameters like pH and number of leaves are not affected by all the three types of
fertilizers. Plants grown using organic fertilizers exhibited an increased plant height and helped retain highest
soil moisture content. Highest girth and germination rate were observed in the case of plants grown using
chemical fertilizers.
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