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Abstract: Mint either as herb or its essential oil form is used for flavoring, perfume production and medicinal
purposes. Among various factors affecting mint plant, type and amount of fertilizers, such as nitrogen based, have
more pronounced effect on mint plants growth and quantity and quality of menthol oil. Therefore, the present
study was conducted with to evaluate the effect of fertilizer on menthol contents and to observe the accurate doses
of fertilizer for the maximum quantity of menthol content in mint. Seven treatments of fertilizers (T1=Control,
T2=FYM 20 t/ha, T3=N, P, K 75:15:15 kg/ha and FYM 15 t/ha, T4=N, P, K 100:30:30 kg/ha and FYM 10 t/ha,
T5=N, P, K 150:45:45 kg/ha and FYM 8 t/ha, T6=N, P, K 175:50:50 kg/ha and FYM 6 t/ha and T7=N, P, K
225:60:60 kg/ha and No FYM) were applied randomly in each block with three replications. Result demonstrated
that plant height was maximum with T7 while no.of leaves, leaf area, herb yield and oil yield with T5 and
menthol contents was maximum with T6.
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I. INTRODUCTION

Mint is the common name of Mentha arvensis having approximately 25 species of the genus Mentha belonging to
family Lamiaceae. Different species of the family Lamiaceae have been cultivated occur in different parts of the
world with major producers of mint are India, China, Vietnam, and Brazil (Chand et al., 2004; Clark, 1998; Kumar
et al., 2000; Lawrence, 2007; Singh and Saini, 2008). Different mint species often contains 40-85% menthol as
major constituent. The mint species Mentha piperita known as American peppermint contain 50-55% and Mentha
arvensis termed as Japanese mint have 80-85% menthol contents (Ozguven and Kirici, 1999).

In Pakistan, unfortunately mint is cultivated only in northern parts of Punjab and NWFP (Shinwari et al., 2004). A
limiting factor for low production in Pakistan is due to lack of sufficient information on agronomics and post harvest
management of this crop. Therefore, Pakistan imports large quantity of mint to fulfill internal consumption of mint
and demand for menthol and mint oil.

Mint either as herb or its essential oil form is used for flavoring, perfume production and medicinal purposes
(Dorman et al., 2003). Mint is valued for its multipurpose uses in the field of pharmaceuticals, cosmetics as well as
for flavoring foods beverages and tobacco (Ohloff, 1994). It is also used in oral products e.g. tooth paste and mouth
fresheners due to its physiological cooling effect. Moreover, essential oil and their valuable chemical constituents
obtained from menthol mint have great export potential. Higher essential oil content and better quality of oil will
give higher production and more output to the producers.

The impact of environmental factors such as temperature, relative humidity, irradiance, photoperiod, fertilizer
application and cultivation practices influence the growth and yield of mint plants which resulted in change in
composition of essential oil menthol. Furthermore, type and amount of fertilizers, such as nitrogen based, have more
pronounced effect on mint plants growth and quantity and quality of menthol oil. However, little work has been
done on optimizing levels of fertilizer application for maximizing the herb, oil yield and qualities of oil of different
cultivars being commercially cultivated in different parts of the world (Patra, 2008).

Since mint is a heavy feeder of plant nutrients and takes up substantial quantities of N, P and K (Yadav et al., 1983,
Patra et al., 2002). Furthermore, it is mostly grown in light textured soils, so efficiency of N fertilizer is sometimes
very low. In order to improve the efficiency of N fertilizers in mint plants, several scientists are still working on
various methods. Application of nitrification inhibitors with urea (Ram et al., 1996), Nimin and dicyandiamide
coated over plin urea (Patra et al., 2002), plant growth regulators (Kewalanand et al., 1998), mulching (Patra et al.,
1993) and use of organic fertilizers (Chand et al., 2001) significantly increased herb and oil yields in menthol mint.
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Moreover, combined applications of fertilizer and organic residues have greater affect on improved mint oil yield
(Patra et al., 2000; Chand et al., 2001). The application of farm yard manure (FYM) before the planting of mint
suckers produce a beneficial effect on crop growth (Chand et al., 2004). Because of their availability and capacity to
supply macro as well as micronutrients, the farm yard manure, farm residues and other organic materials can
supplement the nutritional requirements of the mint plants. However, few scientists have been work for combined
used of inorganic and organic fertilizers for oil yields in menthol mint. Keeping in view the above mentioned facts,
the present study was conducted with to evaluate the effect of fertilizer on menthol contents and to observe the
accurate doses of fertilizer for the maximum quantity of menthol content in mint.

II. MATERIALS AND METHODS

The experiment was conducted to evaluate the effect of different doses of fertilizer on menthol contents in mint
during 2009-10 in the field area of Department of Horticulture, Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, and with the collaboration of National Agricultural Research Centre (NARC).

In each sub-block, 15 mint seedlings of about 20 days old were transplanted in Randomized Complete Block Design
(RCBD). Transplanting was done by maintaining inter row distance of 45 cm and intra row distance of 15 cm. Seven
treatments of fertilizers (T1=Control, T2=FYM 20 t/ha, T3=N, P, K 75:15:15 kg/ha and FYM 15 t/ha, T4=N, P, K
100:30:30 kg/ha and FYM 10 t/ha, T5=N, P, K 150:45:45 kg/ha and FYM 8 t/ha, T6=N, P, K 175:50:50 kg/ha and
FYM 6 t/ha and T7=N, P, K 225:60:60 kg/ha and No FYM) were applied randomly in each block with three
replications. Nitrogen was applied in the form of urea in three equal splits, i.e. at transplanting, 30 and 45 days after
transplanting. Full doses of P in the form of single super phosphate (SSP), K as sulphate of potash (SOP) and farm
yard manure (FYM) were applied at the time of transplanting. During crop growth period three irrigations were
applied when required. All the recommended cultural practices of irrigation, weeding, fertilizer mixing, etc. were
followed as per requirement during the growth period. Data presented in (Table 1) indicates the physio-chemical
properties of soil used in this experiment. At crop maturity, data regarding morphological characteristics i.e. plant
height, No. of leaves per plant, leaves area were recorded. Mint plants were harvested at physiological maturity.
Fresh whole herb (leaves, floral parts and new branches) about 1 kg was subjected to steam distillation process and
essential oil obtained was weighted. The extracts obtained from steam distillation process were subjected to Gas
Chromatography-Mass Spectrometry (GC-MS) to determine menthol contents. GC-MS data were obtained on a
Perkin-Elmer mass spectrometer using a PE-5 column (30 m. 0.32 mm i.d., film thickness 0.25 pum). The carrier gas
was helium and the temperature programming was 5 min at 70 °C, rising at 2°C/min to 120°C, then at 3 °C/min to
240 °C. The data obtained in response to treatments was computed following ANOVA technique and DMR test was
applied to differentiate the treatment differences (Steel et al., 1997) using Statistics’ Version 9 computer software
package.

III. RESULTS AND DISCUSSION

Data presented in Table 2 showed that combined applications of different doses of NPK fertilizers and FYM
significantly improved the plant height in mint plants, No. of leaves per plant and leaves area. Results demonstrated
that maximum plant height was observed 42.5 cm in T7 where NPK were applied 225:60:60 kg/ha and No FYM
while minimum was found 35.4 cm in T2 where FYM was applied 20 t/ha as shown in table 2. However, maximum
No. of leaves per plant (181) and leaves area (12.4 cm?) were recorded with T5 where NPK was applied 150:45:45
kg/ha and FYM 8 t/ha while minimum with TO where no fertilizer and FYM applied as shown in table 2.

It is fact that nitrogen (N) is very essential for plant growth because it is a main constituents of proteins, nucleic
acid, certain hormones and chlorophyll, which are all important for plant growth (Hopkins, 1997). Phosphorous (P)
like nitrogen is equally important for plant growth and found largely as phosphate esters which plays an important
role in photosynthesis and intermediate metabolism. Further, it is a main component of nucleic acid and
phospholipids (Weier et al., 1982). Hopkins (1997) explained the role of potassium (K), which involved activation
of several enzymes acted in photosynthesis and respiration along with its function in osmoregulation.
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Table3.1. Properties of soils used for experiment

Parameter Unit Value
Textural class - Sandy loam
Sand % 54
Silt » 34
Clay » 12
pHs R 7.8
EC. dsm* 0.35
Organic matter % 0.39
N-NO, g g’ 11.2
Available P ug g’ 45
Available K ug gt 124
Table2
Treatment Plant Height (cm) No.of Leaves Leaf Area (cm2)
T1 36.2D 79E 9.4B
T2 35.4D 121D 10.0B
T3 39.0C 147C 10.1B
T4 38.0C 165B 9.5B
T5 40.5B 181A 12.4A
T6 41.4AB 149C 9.4B
T7 42 .5A 151C 8.8B
LSD 0.6379 4.3970 0.9804

Values sharing same letter(s) are statistically similar at P = 0.05;

Since mint is a heavy feeder of plant nutrients and takes up substantial quantities of N, P and K (Yadav et al., 1983,
Patra et al., 2002). The maximum plant height in T7 might be due to appropriate doses of NPK for mint plant. Data
(Table 2) showed that higher dose of NPK fertilizers alone was more effective than combined application with
FYM.

However, the production of more leaves with combined application of NPK fertilizers and FYM might be due to
reason that higher concentration of nitrogen has tendency to increase cell number with an overall increased in leaf
production (Bijimol and Singh, 2001). Moreover, FYM due to its capacity to supply macro as well as micronutrients
can supplement the nutritional requirements of the mint plants which resulted in better vegetative growth. The result
(Table 2) showed that application of NPK along with FYM has a better effect on vegetative growth of plants as they
promote the development of leaves and hasten the maturity of plants with higher rate of cell multiplication and
differentiation which resulted in better vegetative growth (Belorkar et al., 1992).

3.1. Herb Yield (T/Ha)

The effect of combined and alone application of NPK fertilizers and FYM showed a significant (p>0.05)
improvement in herb yield production over control as presented in Table 3. Results demonstrated that maximum
herb yield was 20.96 t/ha observed with T6 where NPK was applied 175:50:50 kg/ha and FYM 6 t/ha while
minimum 5.66 t/ha with T1 where no fertilizer and FYM were applied. For optimum production of plant yield, NPK
and proper plant growth conditions are essential. In the present study, combined application of NPK fertilizers and
FYM, resulted in good production in all treatments due to proper supplied of nutrients and soil conditions conducive
for plant growth (Bahadur and Gupta, 1964). Similar results have been reported by Patra et al. (1997),
Chattopadhyay and Gupta (1999), Patra et al. (2000); Chand et al. (2001) that combined application of inorganic
and organic fertilizers plays a significant role in sustaining and improving crop productivity.

Lower production of herb yield in TO is due to unavailability of nutrients for proper production throughout growth
period (Chattopadhyay and Gupta, 1999). Moreover, application of FYM before the planting of mint suckers
produced a beneficial effect on crop growth (Chand et al., 2004). Because of their availability and capacity to supply
macro as well as micronutrients, the farm yard manure, farm residues and other organic materials can supplement
the nutritional requirements of the mint plants.

3.2. Oil Yield (kg/ha)

The interactive effect of NPK fertilizers and FYM demonstrated that combined application of both fertilizers has
more pronounced effect than either alone for production of oil yield as shown in Table 3. Results showed that
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maximum herb yield was 169.08 kg/ha measured with T5 where NPK was applied 150:45:45 kg/ha and FYM 8 t/ha
while minimum 41.34 kg/ha with T1 where no fertilizer and FYM were applied.

It was observed that maximum oil yield was produced in T5 where NPK was applied 150:45:45 kg/ha then start
declining. It is due to fact that higher application of N fertilizers resulted in decreased in oil production as reported
by Munsi, (1992). Many scientists have been reported that mint oil yield become reduced at higher rate of N
application (Gulati and Duhan, 1971; Bhardwaj et al., 1979; Humblin, 1985; Munsi, 1992; Patra et al., 1993; Ram et
al., 2006). However, lower production of oil yield in TO is due to unavailability of nutrients for proper production
during growth period (Chattopadhyay and Gupta, 1999). Moreover, combined applications of organic and inorganic
also improve soil properties and make suitable plant growth conditions (Chand, 1999; Patra et al., 2000).

3.3. Menthol Contents (%0):

The interactive effect of NPK fertilizers and FYM demonstrated that combined application of both fertilizers has
more pronounced effect than either alone for menthol contents as shown in Table 3.

Table 3

Treatment gfhrg Yield | il Yield (kg/ha) Menthol Contents (%)
1 5.66E 134G 1.00G

T2 9.53D 80.96F 152F

T3 10.42D 96.91E 3.03E

T4 14.56C 151.07C 3.77D

T5 20.87A 169.08A 4.55B

T6 20.96A 165.50B 5.95A

T7 18.13B 139.63D 4.28C

LSD 1.0114 1.2046 0.0316

Values sharing same letter(s) are statistically similar at P = 0.05;

Results showed that maximum menthol contents were 5.95% measured with T6 where NPK was applied 175:50:50
kg/ha and FYM 6 t/ha while minimum 1% with T1 where no fertilizer and FYM were applied. Combined
application of inorganic and organic fertilizer significantly influenced the N and P which resulted in more oil yield
and menthol contents production (Patra et al., 2000 and Chand et al., 2001). Similar results had been reported by
Chand (1999) that a combined application (FYM 6.7 t/ha and NPK 133:40:40 kg/ha) proved to be best for menthol
contents production in Japanese mint. However, lower production of herb yield in TO is due to unavailability of
nutrients for proper production during growth period (Chattopadhyay and Gupta, 1999; Anwar et al., 2010).

Moreover, combined applications of fertilizer and organic residues have greater affect on improved mint oil yield
(Patra et al., 2000; Chand et al., 2001). The application of farm yard manure (FYM) before the planting of mint
suckers produce a beneficial effect on crop growth (Chand et al., 2004). Because of their availability and capacity to
supply macro as well as micronutrients, mint plants perform better and resulted in more oil and menthol contents
production.

In addition, combined applications of organic and inorganic also improve soil properties and make suitable plant
growth conditions (Chand, 1999; Patra et al., 2000).

IV. CORRELATION BETWEEN HERB YIELD AND OIL YIELD

A positive correlation was observed between Herb Yield and Oil Yield as shown in figure. Data demonstrated that
with increased in herb yield, oil yield was increased linearly. With one unit increased in herd yield, the oil yield was
increased by a factor of 12.84. However, herb yield and oil yield was maximum with combined application of NPK
and FYM. It is due to fact that higher application of N fertilizers resulted in decreased in oil production as reported
by Munsi, (1992). Many scientists have been reported that mint oil yield become reduced at higher rate of N
application (Gulati and Duhan, 1971; Bhardwaj et al., 1979; Humblin, 1985; Munsi, 1992; Patra et al., 1993; Ram et
al., 2006). Further, it might be due to the fact that appropriate doses are associated with vegetative growth. In
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addition, FYM has a capacity to supply macro as well as micronutrients which can supplement the nutritional
requirements of the mint plants which resulted in better vegetative growth.

1909 y=7537x+1284
170 R? = 0.8942

150 A
130 A
110 A
90 A
70 A
50 A
30 1
10 T T T \

Oil Yield (kg/ha)

Yield (kg/ha)

V. CORRELATION BETWEEN OIL YIELD AND MENTHOL CONTENTS

A negative correlation was observed between Herb Yield and Oil Yield as shown in figure. Data demonstrated that
with increased in oil yield, menthol contents was decreased linearly. With one unit increased in oil yield, menthol
contents were decreased by a factor of 0.599. Many scientists have been reported that mint oil yield become reduced
at higher rate of N application (Gulati and Duhan, 1971; Bhardwaj et al., 1979; Humblin, 1985; Munsi, 1992; Patra
et al., 1993; Ram et al., 2006). Mahmoud and Younis (2009) found that essential oil yield increased with the
corresponding increased in NP fertilizers rates from 75:50 to 100:75 kg/ha. Moreover, combined applications of
fertilizer and organic residues have greater affect on improved mint oil yield (Patra et al., 2000; Chand et al., 2001).
The application of farm yard manure (FYM) before the planting of mint suckers produce a beneficial effect on crop
growth (Chand et al., 2004). Because of their availability and capacity to supply macro as well as micronutrients,
mint plants perform better and resulted in more oil and menthol contents production. In addition, combined
applications of organic and inorganic also improve soil properties and make suitable plant growth conditions
(Chand, 1999; Patra et al., 2000).

1 y=0.033x-0.599
R2=0.870

oil Yield (kg/ha)
nNo o - o o

-
L
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80 130 180
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V1. CONCLUSION

Above mentioned facts revealed that for optimum production of plant yield, NPK and proper plant growth
conditions are essential. In the present study, combined application of NPK fertilizers and FYM resulted in good
production in T5 and T6 due to proper supplied of nutrients and soil conditions conducive for plant growth.
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