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. Field experiments were conducted during 1983 and
1984 at the Central.Insti;ute of Medicinal and Aromatic
Plants, Lucknow to study the effect of N-carriers,
prilled urea (PU), urea super granules (USG), lac coated
urea (LCU)} and neem cake coated urea (NCU) at three
timings of applicatiqQn (full basal, 1/3 at planting +
1/3, 45 days after planting + 1/3 after first harvest,
and 1/2, 45 days after planting + 1/2 after first .
harvest) on yield and quality of oil derived from Mentha
arvensis L., nitrogen losses under different treatments

were also studied, .

Application of nitrogen as NCU, USG and LCU
proved significantly superior to PU to promote plant
height, number of leaves/plant, size of leaves, leaf/
stem ratio, dry matter p}oduction and leaf area index.
Application of NCU and USG increased fhe herbage yield
by 23 and 18% higher over PU, respectively.

.
.

The per cent increase in oil yield due to tﬁe' .
epplications of NCU and USG were 31 and 27, respectively.
Application of 120 x N/ha caused significantly more (87%)



. . (xiv) .

0il yield than those obtained in the control plot (no
nitrogen) or in plot receiving 60 k N/ha (11%). Split
applications (two and three) gave better results than
those recorded when dose of nitrogen was applied at

the time of planting in case of prilléd urea, But

this was not the case when nitrogen was applied as

NCU or USG; the effeet of LCU was inferior and
inconsistent in this regard. Nitrogen reduced the‘oil
content. in herbage, Amongst different Necarriers, .
the lowest oil content (0.61%) was recorded in the crop
fertilized with PU followed by those (0.,62%) fertilized
wit? LCU, USG and NCU at the first° harvest, At the
time of second harvest it followed similar trend of .
variations. With increasing rate of nitrogen level
(upto 120 Ky N/ha), the menthol content in o0il increased.
The increase in menthol ?ontent in oil during the’
period between 60 and 120 days after'blanting were 33.6,
26.4 and 20%, due to the applications in the form of
USG, NCU and PU, respectively. The difference between
LCU and PU was, however, not widg. Maximum product%on
of menthol was observed in plots fertilized with NCU ’
*¥ollowed by USG. Menthol yield was improved by ;9 and

45% due to the application of NCU and USG over PU in

L4 »*



{xv)

in 1983, resﬁectively. The magnitude of menthol yield,
however, declined in 1984,° where NCU and USG caused 40
and 30% better yield than PU, respectively. Biological
efficiency of nitrogen application (BENA) was higher
through NCU, USG and LCU than PU. Higher BENA was
observed at lower rate of nitrogen application i.e. 60 i
N/ha. Considering the BENA during entire growth pericd

of Mentha arvensis L., two split applications of prilled

urea have an edge over other timings of nitrogen

application, but this was not conspicuous in other cases.

*
* .

There was inverse relationship between nitrogen
and oil content in plants. But LAI and menthol content
were positively correlated., The relationship between oil

concentration and menthol content was close and positive,
[ ]

Use of PU as a source of nitrogen fertilizer
caused higher losses of nitrogen through leaching and
ammonia volatilization in Mentha arvensis L. Leaching
losses could be minimised from 29.7% recorded with RH.
to 10.7% observed with NCU and 12.8% with USG, Ammonia
;olatilization losses were reduced from ?% in case of

PU to 2.5% in NCU and 3% in USG., These losses could be



(xvi)

prevented by the application of nitrogen in the form
of NCU and USG, Hence, NCU and USG were most efficient

than PU as a source of fertilizer for the fertilization

of Mentha arvensis L. Application of nitrogen in the
form of NCU and USG showed better benefit: cost ratio
than that was recorded with LCU or PU, At 60 and 120 4
N applied in the form of NCU its efficiency in oil
production was equivalent to 80 and 150 kg of nitrogen
in the form of prilled urea. Bésal application of
nitrogen as NCU or USG showed better effect than the
appliqgtion of prilled urea applied in split doses.

The effect of LCU was inconsistent,.



. 1.  INTRODUCTION

Perfupes and perfumery materials have attracted
attention since the dawn of.human civilization and these
materials have sacro;antly been used in temples, religious
functions and also for personal sophistication. The best
reference to such materials are found in Vedas where
sandal wood, camphor and saffron etc., have been frequently
mentioned in connectiop with certain rites. Though at one
time, perfumes were considered as a sign of luxury, but
this is not so in modern times as many daily requirements
of life, such as soaps, detergents, tooth pastes, tooth
powders, Jboot polishes deodorants,, etc. can not be
manufactured or will not find market, acceptance without the
aid of perfumery materials. Moreover, the closely rel§ted
flavouring materials, now a days find extensive use in
food products.

India has climatié conditions varying from tropical
plains and temperate hill valleys to moist and dry regions
supported with abundant supply of water. Thus, almost all
important exotic plant species wh%ch predominantly figure
in the list of raw materials for pharmaceutical, phyﬁbdhamical
perfumery and food flavouring could be produced in the

country. :
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More than two decades ago Japanese mint (Mentha
arvensis L.) was introduced in India from Japan. In the
year 1954, four suckers were obtained from Japan by Sir K
Col., R.Ne. Chopra, Dirgector, DRL, Jammu through the courtsey
of UNESCO., However, the possibility of its commercial
cultivation in Taral region of Uttar Pradesh was established
only in 1964 when CIMAP Regional Centre, Panﬁnagar developed
suitable agrotechnology for this crop. As a result of
transfer of technology® carried out by CIMAP (C.S.I.R.), its
cultivation has now been extended in Moradabad, Rampur,
Bareilly,” Badaun, Pilibhit, Barabanki, Nainjital districts
of Uttar Pradesh. It has also recently been introduced in
Punjab, Madhya Pradesh, Maharashtra, Bihar and Orissa state

of India as a cash crop.

Japanese mint is a potential source of natural
menthol which is widely used in pharmaceutical and cosmetic
preparations, such as vicks inhalor, cough syrups, *tooth

pastes, mouth washes and is also used &s a flavour in

confectionery, tobacco and pan masala industries.

Now-a-days Japanese mint is one of the most important
essential o0il bearing crops occupying a place of priéé'in
the national economy. Its volatile oil is dbtainéh from
steam distillation containing 70-80% menthol as a principal

constituent of its essential oil. The present production
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.

of Japanese mint oil in the country is about 600 tonnes per

annum. It was previously being imported in India to meet

the internal requirement of essential oil industries,
Among the various agronomic practices for higher
production of herbage and oil per unit area, adequate
application of nitrogenous fertilizers deserves top most
priority. The simple reason is that mint, being a leafy
crop. favourébly responds to nitrogen application. This

has a marked effect on the oil yield too.

Under intensive cultivation of Mentha arvensis L.,

herb and’o0il yields increase by heavy nitrogen application.
Recent o0il crisis has made nitrogen ‘a precious commodity in
agriculture where increasing cost has prompted the search
for more efficient system of using it on crop plant.

Several methods, like use of slow release nitrogen
fertilizers and nitrification inhibitors have been *suggested
and investigated. The use of these fertilizers has not

been investigated in relation to Mentha arvensis L.

Since the nitrogen utiliq?tion efficiency of Mentha
arvensis L., even under best agronomical management e
practices, is less than 40%; this needs to be improved if
one wishes to conserve nitrogen fertilizer to reduce the

cost of cultivation. This.study, therefore, hag aimed to



find out ways and means by which the nitrogen utilization
efficiency of Mentha arvensis L. can be increased. An
attempt will’be made to analyse the physioclogical causes
influencing the menthol content due to heavy nitrogen
application. More precisely, the study intends to achieve

the following objectives :

1. The effect of different sources of nitrogen fertilizers

on herb and oil yjeld of Mentha arvensis L.

2. The effect of different rates of nitrogen fertilizers
(appiied by different forms) on menthol content in -

essential oil of Mentha arvensis L.

3. The'effect of different nitrdben sources on nitrogen

leaching in soil.

4. The effect of different nitrogen sources on

volatilization of nitrogen from the soil.

5. The scope of economising nitrogen application <¢o

Mentha arvensis L. bf reducing leaching and

volatilization losses.

'S4



* 2.+ REVIEW OF LITERATURE

Mentha arvensis L. popularly known as Japanese mint
is one of the'most important essential oil bearing crop and
a potential source of. naturel menthol, Among the various
agronomical practices used for higher production of herbage
and oil, adequate application of nitrogen plays an important
role. The response of Japanese mint to different levels
and sources of nitrogen fertilizers differ markedly because
of the differential aviilability and nutrient absorption
efficiency of the crop. In this chapter an attempt has been
made to review the aspects of nitrogen fertilization in’
Japanese mint. Some literature on slow release N fertilizers

have alsd been compiled and reviewed.

2.1, Effect of nitrogen on growth of plants .
2.1.1 Plant height

Samra et al., (1975) observed significant increase in
plant height upto an appliéation of 150 i N/ha at Ludhiana,
Ghosh and Chatterjee (1976) reported that nitrogen, phosphorus
and potassium were beneficial to increase plant height of
Mentha species at Burdwan. Thus,{nitrogen deficiency caused
reduced plant height of Japanese mint (Rai et al., 19&77.
While an application of 160 i N/ha increased the héight of
Mentha spicata significantly over control "(Jha and Singh, 1979),
Singh and Duhan (1979), however, reported that 40 ky N/ha as

an optimum dose to increase plant height. Nitrogen beyond

- °*
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this dose }emained ineffective at Pantnagar. Similarly Singh
and Singh {(1979) found increased height of Mentha with nitrogen
application. At Varanasi plant height increased only upto .
the application of 60 y N/ha (Singh, 1983). Chandra et al..,
(1983) reported that'plant.height of Japanese mint increased
ﬁptd 160 ¥y N/ha .

2.1.2 Number of leaves per plant

At Ludhiana, number of leaves per plant‘increased
gsignificantly upto 150 kg N/ha (Samra et al., 1975). application
of nitrogen beyond 150 i N/ha did not influence the number
of leaves, Singh and Garg (1976) found less leaves per plant
in winter crop compared to summer season crop. Rai et al.,
(1977) studied that nitrogen deficiency reduced the number
of leaves per plant. Jha and Singh (1979) reported
significantly more leaves per plant at 160 ki N/ha than control.
Singh and Singh (1979) observed that nitrogen application
affected the number of legves per plant positively.in

different mint species.

2.1.3 Leaf area index

Verma (1970) and Singh (1583) observed that application
o§ nitrogen increased leaf area index significantly in Japanese
mint. Rai et al., (1977) observed reduced leaf area due to
nitrogen deficiency. Leaf.area index was positively corelated

with nitrogen levels in the studies of Samra et.al., (1975), Singh
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et-al., (19;57, Yadav and Mohan (1982), Yadav et al., (1981)
Bbserved highest leaf area index and leaf areé duration at

120 ¥ N/ha. Singh (1983) observed consistence increase in léaf
area index due to increase in nitrogen levels. Application of“
120 i N/ha increased leaf ared index significéntly over control
‘and at 60 kg N/ha. Fertilization beyond 120 ¥ N/ha did not

influence the leaf area index.

2.1.4 Dry matter accumulation

Samra et al., (19;5) reported that nitrogen application
upto 150 ¥ N/ha increased the dry matter accumulation significantly.
Nitrogen befgnd 150 x N/ha did not influence dry matter
accumulatiog at Ludhiana. Ghosh and‘Fhatterjee (1976) at Burdwan
(west Bengai) observed higher dry matter accumulation with
increasing rates of nitrogen. Rai et al., (1977) reported
that nitrogen deficiency reduced dry weight of plants. J%a and

Singh (1979) reported that Mentha spicata accumulated significantly

higher dry matter at 160 k N/ha than control. Singh gpd Duhan
(1979) obgerved successive ircrease in dry matter with increased,/’
application of nitrogen at the rates of 0,80,1607%0 200 kg/ha,

Singh and Singh (1979) reported that dry matter accumulation

was affected positively by nitrogen ?pplication at Pantnagar. Singh
et al., (1979) studied the effect of different doses of nitrogen
(0,40,.80 and 120 N/ha)on Mentha citrata and reported-that
application of 120 &/ha produced maximum dry matter at

Pantnagar. At Varanasi, however, Singh (1983) observed higher

L ]
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*dry mattex’acc;mulaticn at 180 k N/ha as compared to 0, 60
. and 120 @ N/ha. At Lucknow Yadav et al., (1983) reported a
little lesser dose of nitrogen (i.e. 160 m N/ha) for higheg
dry matter p;oduction. Chandra et al., (1983) observed higﬁcr
dry matter accumulatlon at 160 i N/ha as compared to 0,40, 80

and 120 i N/ha at Pantnagar.
2.1.5, Leaf stem ratio

Jha and Singh +(1979) reported significantly higher leaf
stem ratio at each successive increment of nitrogen from 0 to
160 g N/ka, Singh and Duhan (1979) did not observe signifi-
cant differences in leaf stem ratio by the application of
nitrogen:upto 200 i N/ha. Singh et al., (1979) observed higher
leaf shoot ratio with increased nitrogen supply from 0 to
120 iy N/ha . Singh (1983) reported that fertilizing the crop
with 180 i N/ha increased the leaf to stem ratio over 0,60
and 120 iy doses of N/ha while Chandra et al., (1983) observed
increased leaf stem ratio upto 160 k N/ha. *

2.2 Yield and quality
2.2.1. Fresh herbage yleld

Nitrogen fertilization 1£;reased the herbage produc-
t}on of peppermint in the studies of Baird (1957). The app-
lications of 100 and 200 i N/ha produced 40.77 and 50.65 q /ha
herbage, respectively; con?rcl plots, however, yielded 12.4

quintals/ha. Davis et al., (1957) reported that at Michigan
L ]
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Mentha Q;periﬁa L. and Mentha spicata L. showed positive response

lo 25 and So‘m N/ha in comparison to control. In Jammu conditions
of India Dutta and Chatterjee (1961) obtained 171 g/ha herbage

of Mentha arvengls L. by application of 57 g N/ha which was ’
about 45 q higher than the control plots. Singh (1969)
recommended 80 m'N and 60 i P,0g /ha for Jammu conditions,

Gupta and Gulati (1970) recommended 120 ky N/ha with 60 i ons/ha
to obtain highest herbage at Pantnagar. Increase in fresh
herbage yield due to nitrogen application has been reported

by Baslas (1970) at Nainiéal. Dutta (1971) found nitrogen to

be the main source to increase 01l yield per unit area because
nitrogen inc}eased the fresh herbage yield., 1In this experiment

0, 30, 60, 90 and 120 ki N/ha was applied in three equal splits.
Highest (315.69 g/ha) herbage yield &;s obtained with 90 K

N/ha while control produced 188 ¢/ha, %he herbage yield

(289.0 g/ha) decreased at 120 i N/ha . Similarly, Gulati and
Duhan (1971) recommended 80 kg N/ha for maximum yield of Japanese
mint in comparison to 0,30 and 60 ¥ N/ha. Chandra (19?1) observed
favourable response of Japanese mint to f?rtilizer application.
Nelson et al.,(1971) at Washington state University U.S.A.
reported an increase in herbage yield by nitrogen fertilization
upto 200 ¥ N/ha. Onwards a declining trend was observed in.
peppermint. The experiment conductedxat Hakkaido (Japan) ipdicated
that.fresh herbage yield increased from 162 at control to 261 g/ha
at 113 « N/ha (Anonymous, 1971). Singh (1972) suggested 220 kg N and
125 g ons/ha for optimum heryfge yield of Japanese mint. Singh

M4
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et al., (19’.13) ol.osexved significant increase in herbage yield
at 60 and .120 iy N/ha over control at Jammu Tawi., The differen=-
ces between lower (60 k) and higher (120 kg N/ha) doses were
highly signiff:cant. The percent increase in yield over cont;'ol
due to 60 k N/ha was 18.4 and 32.3 due to 120 ki N/ha., Signi-
ficant increase in yield due to application of nitrogen in
Japanese mint was reported by Duhan et al., (1975). Singh and
Balyan (1975) studied the response of peppermint var. vulvaris
to 0, 25, 50, 75, 100 and 125 i N/ha in silty loam soil of
Jammu Tawi, They obser.ved significantly higher herbage yvield .»
at 125 iy N/ha. However, application of 100 i N/ha brought
maximum be.nefit for each kilogram of nitrogen applied. Ghosh
and Chatt?rjee (1976) at Burdwan (West Bengal) recommended

200 g w{ ., 100 i P,05 and 50 K Kzo./‘ha for maximum yield of
Mentha species (i.e. Mentha pi erita: Mentha spicata and
Mentha citrata). Panda (1977) at Pantnagar reported highest
herbage yield (227.89 q /ha) of Mentha piperita at 150 i N/ha;
yield obtained at 100 iy N/ha (224.5 ¢ /ha) was also.at par. |
Increase in herbage yield of Japanese n:j.nt. due to nitrogen
application was observed by Duhan et al., (1977) in the agro-
climatic conditions of Uttar Pradesh Tarai. Maximum dose of
nitrogen application (120 iy N/ha) increased 23.44% herbage
yield over 60 iy N/ha. Although tc;'tal herbage yield differed
significantly at 0, 30 and 60 iy N/ha but herbage yield at 90 i
N/ha could not differ significantly from 60 iy N/ha. Japanese
mint showed linear response‘ upto 150 i N/ha at Pa’inagar

(Singh et al., 1977). saha et al., (1978) studied the
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performané; of peppermint at Imphal (Manipur). Six levels

of nitrogen (0, 20, 40, 60, 80 and 100 ¥y N/ha) in conjunction
with uniform‘level of 60 K 9205
Compost was added @ 20 tonnes/ha to facilitate the growth éf

and 70 kg qu/ha were tried,

the crop. It was found that increasing levels of nitrogen
upto 80 kg N/ha increased the herbage yield significantly.
Nitrogen application beyond this dose reduced the yields.

The highest herbage yield of 13.82 tonnes/ha was harvested by
applying 80 Ky N/ha. 2pplication of 100 ¥ N/ha produced 13.02
tonnes/ha., Shelke ané Morey (1978) recommended 40 i N/ha for
highest yield in Japanese mint. Bharadwaj et al., (1979)
reportea.maximum herbage yield in Mentha piperita and Mentha
sgicata.at 225 iy N/ha. The different levels of nitrogen,

however, had no specific effect on the essential oil content,
Duhan (1979) reported significantlé'higher herbage yield of
Menthg piperita with increased nitrogen application ubto

80 kg/ha. This dose could produce 25.9 and 58.,9% higher herbage
in 1975 and 31.4 and 76.5% in 1976 than 40 K N/ha.during
first and second cuttings, respectively. Singh et al., {1979}
reported that nitrogen application at the rate of 120 i/ha
increased the herbage yield significantly over lower doses.
The increased rate due to an application of 120 i N/ha was
282.6, 86.2 and 29.9% over O, 40: and 80 ¥ N/ha, respactively.
studying the response of spearmint (Mentha spicata ) to
nitrogen application in tarai region of U.P., Singh and Duhan
(1979) reported that herb?ge yield increased with increasing

levels of nitrogen. Bharadwaj et al., (1980) observed
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that nitrogéh fertilization upto 160 k/ha in peppermint produced
significanély higher yield at Solan. However, 120 ik N/ha was
calculated to be an.optimum and economical dose for herbage )
production. A; increase (37%) in herbage yield with 150 igy/ha
application of each of'N, P & X was reported by Dechera et al..
(1980) ., Sharma and Singh (1980) calculated 199.1 i N/ha as.
an optimum dose for Japanese mint at Lucknow. Application of
100 and 200 kg N/ha returned B, 9.73 and Rs. 6.89 for each Rupee
invested on nitrogen fertilization, respectively. Singh and
Duhan (1981) indicated é%at nitrogen application upto 120 k/ha
increased the fresh herb yield significantly while Singh and .
Kewlanand 21981) at Pantnagar reported significant increase in
fresh herb.yield of Mentha citrata due to application of 160 i
N/ha over.ccntrol. Visuttipitakul ég\g;., (1982) and Chandra
et al., (1983) reported that herbage yield of Mentha arvensis L.
increased significantly by nitrogen application. Harve;ting
at 130 days after planting produced higher yields as compared
to delayed or early harvestings (Chandra et al., 1983). Singh
(1983) reported consistent increase in herbage yield with
increase in nitrogen dose. Higher herbage yield was obtained
at 180 kg N/ha. The difference in yield at 160 and 120 K N/ha
were significant but increasing the dose beyond 120 kg N/ha
did not influence the herbage yielé'significantly. Singh
et al., (1983) at Pantnagar fouﬁé maximum herbage production
of Mentha citrata at 100 ky N and 60 i P,0g / ha as compared
to 0, 50, 150 and 200 ky N/ha. Rao gt al., (1983)
observed 66.8 and 100% increase in herbage yield of Mentha

'Y
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‘citrata due to ;he application of 50 and 100 ki N/ha. Verma
et al., (i983) reported that nitrogen application upto 200
kg/ha increased the herbage yield in four Mentha species at
Dehradun. The highest yield of 25 tonnes/ha in Mentha gggggg;g
was recorded by the application of 300 k N/ha. Yadav et al.,
(1983) observed highest yield of Japanese mint by an applica-
tion of 160 iy N/ha at Lucknow. Randhawa et al., (1984) at
Ludhiana observed significant increase in herbage yleld of
Mentha citrata with increase in nitrogen dose upto 125 w/ha
as compared to control: In peppermint application of 160 i
N/ha produced 21% more herbage than 80 ki N/ha (Yadav et al.,

1985) .

Samra et al., (1978) observed significant increase in
herbage yield of Mentha arvensis in second cutting when nitro-
was applied in two splits (* % at planting + % at first cut)
over whole of nitrogen applied at sowing. Bharadwaj et al.,
(1980) advocated the use of 120 k N/ha in Mentha piperita in
three equal splits for higher herbage yield, Bharad;aj et al.,
(1983) reported that 120 and 160 4 NVh; increased the herbage
yield significantly over control at Sclan, Nitrogen applica-
tion in three splits (1/3 planting + 1/3, 60 days after plant-
ing + 1/3 after first cutting) pr&Ved beneficial as compared
to two, four and five splits. Rao et al., (1984) observed
hi;hest herbage production as well as oil.yield at 75  N/ha
applied in two equal splits (% at planting and X after first

harve St) ™
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2.2.2 0il yield

Baslas (1970), Chandra (1971), Dutta (1971) and Clark
and Menary (1;80) have emphasized the importance of nitrogcﬁ
for increasing oil yibld; Baird (1957) observed marked ine
crease in oil yield of Mentha piperita due to nitrogen appli-
cation. Application of 100 and 200 iy N/ha produced 49.3 and
62.9 iy oil/ha, respectively which was’significantly higher
than the oil yield of 9 ig/ha obtained in control plots,

Gulati and Duhan (1971; found 12,91, 49.25 and 70.61% increasQ;
in o0il yield due to the applications of 30, 60 and 90 Kk N/ha,
respectivély over control, At Washington in U.S.A. 0il yield
increased;by nitrogen application upto 200 i§ N/ha and declined
thereafter (Nelson et al., 1971). 'But at Jamma Tawi in India
0il yield inereased significantly oniy upto 125 ¥ N/ha (sSingh
and Balyan, 1975). At Pantnagar, however, Panda (19773 Obe
served increased oil yield upto 100 k N/ha, Nitrogen applica=-
tion beyond this dose reduced the oil yleld. Duhan et al.,
(1977) observed 15.71% increase in oil yield due to applica-
tion of 120 i N/ha over 60 ki N/ha in tarai conditions of
Uttar Pradesh., Shalke and Morey {(1978) recommended 40 iy N/ha
for highest oil yield of Japanese mint., Bharadwaj et al.,
(1979) has recommended 225 K N/haxfor Mentha gpicata and

300 iy N/ha for Mentha citratg in Solan conditions ¢f Himachal
Pradesh. Singh et al., (1979) obtained highest oil yield
(91.1 w/ha) of Mentha arvensis at 120 iy N/ha. This dose of

N application increased the oil yield by 325.7, 93 and 25.1%

L4
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*over 0, 40°'and bo iy N/ha, respectively. Singh and Duhan
(1§79) observed increase in oil yield of Mentha spicata with
increase in nitrogen dose upto 120 ig N/ha at Pantnagar.
Singh and Kﬁélanand (1981) at Pantnagar observed an increase
in o4l yield of Mentha citfata by application of 160 iy N/ha,
Singh (1983) and Bharadwaj et al., (1983), however, recorded
higher oil yields at 60 and 120 ki N/ha in comparison to cone-
trol. Rao et al., (1983) observed 50 and 100 i N/ha to
produce higher oil yields of Mentha citrata over control.
The increase being 68.4% at 50 kg and 108.9% at 100 iy N/ha
over control. The oil yield increased with increasing rates
of nitrogen upto 160 iy N/ha at Pantnagar (Chandra et al.,
1983). For Mentha citrata, Singh et al., (1983) recommended
100 g N gnd 60 g ons/ha to obtain higher o0il yields in com-
parison to 0, 50, 150, 200 & N/ha. Yadav et al., (1983) at
Lucknow, reported that oil yield of Mentha arvensis increased
with increasing rates of nitrogen and maximum oil yield was
‘'obtained at 160 i N/ha, Randhawa et al., (1984) however, re-
ported that oil yield increased signif}cantly with.an increase
in nitrogen levels upto 125 iy N/ha as compared to control,
In Mentha piperita application of 160 kg N/ha produced 9,8%
more oil in 1980 and 18.4% more oil in 1981 than application
of 80 k N/ha in the study of YadaV et al., (1985).

2

L

2:2.3 01l content

Large number of exgeriments have indicated that nitroe-

gen fertilization increased the o0il content in Mentha species,
L J

.
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‘Henn (194?{ found that moderate nitrogen application during
initial period of growth with supplimentary dose of nitrogen
during budding stage, helped to increase oil content in mint
leaves. Increase in oil content due to nitrogen application
has also been reported by Baslas: (1970). Franz (1972) re=.
ported that application of 3 g N/pot (3.5 iy of soil) brought
39% improvement in oil content of Mentha piperita leaves over
control., Oil content (on dry weight basis) was 3.91% at 3 g
N/pot and 2,81% at control. Upadhyay et al., (1974) also
observed sgignificant i;crease in 0il content of Mentha
gigerita'yy 120 \y N/ha over control. Ghosh and Chatterjee
(1976) noticed increased oil formation with advancement in
cropage but the o0il content drOpped again at reproductive
stage. Ammonical nitrogen produced. leaves having higher perw
centage (2.7 %) of essential oil (Singh and Singh, 1978) than
with nitrate nitrogen. However, on single plant basig the
essential oil was higher (0.4 ml/plant) in plants receiving
nitrate nitrogen because of higher foliage product%on. Saha
et al., (1978) studied thé effect of six levels of nitrogen
(0, 20, 40, 60 80 and 100 ky N/ha) on oil content of Mentha
and observed highest o0il percentage at 60 and 80 ki N/ha. lower
than 60 and higher than 80 i N/ha reduced the oil content
significantly. But Shelke and M;}ey (1978) recorded highest
pgrcentage of oil at 40 i N/ha. Chandra et al., ¢1983) ob-
served increase in oil content of Mentha arvensis L. by

o e )

160 k N/ha over 0, 40, 80 ynd 120 iy N/ha,
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Tpere are few studies which has indicated that nitro-
gen did not have significant influence on oil content in
leaves of Mentha species. Singh and Balyan (1975) studied )
the effect of different doses of nitrogen on essential oil
content of Mentha giée;ita.and found that different lewvels of
nitrogen d4id not influence oil concentration in leaves. Ths
experiment of Singh et al., (1978) indicated that there was
no effect of nitrogen levels 10, 25, 50, 75, 100 and 125 i
N/ha) on volatile oil gontent of Mentha piperita. Similarly,
Bharadwaj et al., (1979, 1983) found that different levels of
nitrogen had no specific effect on the essential oil content.
Singh et al., (1983) observed slightly decrease in oil content
of Menth? citrata with the applicetion of nitrogen, Yadav

and Ram (1983) observed that oil content of Mentha arvensis
did not differ significantly by nitrogen rates (0, 40, 80 and
120 kg N/ha). Rao et al., (1984) observed that oil concentra-

tion of Mentha citrata was not affected by nitrogen rates.

2.3 Quality of oil

The effect of nitrogen on the contents of menthol,
menthone, menthyl acetate etc., in the essential oil of

Japanese mint, have been gtudied by many workers. Gulati

*

and Duhan (1971) found reduction in menthol content from

. -
87.11 to 78.42 per cent with increasing levels of nitrogen
from 30 to 90 k/ha. Similarly Franz (1972) observed decrease

in menthol content from 51 to 42% by nitrogen fertilization,

[}
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Menthone gontent, however, increased with the application of
nitrogen., He explained that nitrogen did not influence menthol
content directly. But it has altered the growth of plant
which in turn affected tha‘?il quality. Duhan et al., (1975,
1977) also observed éecreased menthol with increasing rate

of nitrogen application. In the essential oil of Mentha
arvensis, menthol and menthyl acetate increased with
increasing doses of nitrogen upto 150 k/ha, while menthone
increased upto 250 ky/ha (Shelke and Morey, 1978). Yadav et al.,
(1981) reported that nitrogen fertilization (90-120 ky/ha)
increaseq the menthol yield and prolonged the time of its
accumulation in Mentha arvensis. The rate of menthol
accumulation was 251-264 g/ha/day in nitrogen fertilized
plants against 215 g/ha/day in contxol plants. At 120 ki N/ha,
actual menthol accumulation continued for 66 days whefg as in
control plants it was for 38 days. However, the lag period
was 6 days at 120 k N/ha and only 1 day for control.

However, Baslas (1970):; Singh et al., (1978) and
Clark and Menary (1980) have not observed consistent effect

of nitrogen on the quality of essential oil.

Yadav and Mohan (1982) reported that menthol decreased
and menthone and menthyl acetate increased in the oil éf

ﬁéntha arvensis at higher doses of nitrogen. Farooqui et al.,

(1983) reported that menthol accumulation reached to its peak

at flowering stage of plants, thereafter, it started declining.

o\
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‘2.4 Nitrogen concentration and uptake
\

Baird (1957) mentioned that fertilizing Mentha
piperita with»260 ky N/ha increased thg leaf nitrogen concenw
tration from 3.05 (control), to 3.53% and that of petiole |
0.98 to 1,24%. Samra et al., (1976) noted an increase in
nitrogen concentration of plants with the increase in nitref
gen fertilization. The nitrogen concentration in fertilized
plants was 1.40% against 1.28% in unfertilized plants. They
further mentioned that.second harvest'had more (1,46%) |
nitrogen concentration than in the first one (1.28%). Total
nitrogen aptake also increased with increasing doses of
nitrogen. A dose of 150 and 225 iy N/ha increased the total
uptake of nitrogen by 93.0 and 145.4% over control, respecti-
vely. Rai et al., (1977) reported that nitrogen deficiency
decreased the concentration of nitrogen in plants. Thg
phosphorugs and potassium concentration, howewver, increased
with nitrogen deficiency. The nitrogen concentration of
plants decreased with advancing age and reached the lowest
at harvest (Singh gg,g;...1979), where’®as uptake of nitrogen
increased with age and reached highest at harvest. Signifie
cantly higher nitrogen concentration was observed at 250 iy
N/ha. The control treatment showed lowest uptake. Yadav
and Mohan (1982) observed highest nitrogen utilization ;ffi-
ciency at 20 ig N/ha, where as the uptake of nitrcg;n was
highest at 40 i N/ha during first harvest of Mentha arvensis
in Lucknow conditions. Singh (1983) cbserved highest nitrogen
uptake at 180 iy N/ha at Varanasi. The uptake f?d utilization
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'efficiency.of nitrogen by the crop increased with efficient
weed cont;ol methods. Application of terbacil @ 2 w/ha
checked the weeds vis-a-vis the uptake of N by them. This _
finally resui%ed into highest uptake of N by the crop planté
The uptake of N in hand weeded plots, however, was greater
than the ﬁptake in plots of any other chemical weed controlled

plots.

2.5 Slow release fertilizers

Various slow release nitrogenous fertilizers like
neem cakq,coated urea, sulphur coated urea, lac coated urea,
oxamides, isobutylidene diurea (1BDU), guanylurea (GU),
Urea-acetaldihyde and Neenriched gpal are available for use
in crop plants (Prasad et al., 1971}, Because of their low
dissolution rate in water, nitrogen release is slow fr?m
these fertilizers. Nitrogen released slowly is utilized
fully by the growing plants. Thereby chénces of wasteful
nitrogen losses are minimised by using these fertilizers

(Prasad; 1966 and Prasad et al., 1971).

Nitrogen inhibitors like N-~gerve, neem cake and
coaltar extract, Sulfa drugs, Karanja seed extract, Nitra-
pyrin, Malathion and Parathion ar; also used to slow down
the rate of nitrogen mineralization {Prasad, 1966;:.Reddy
and Prasad, 1975 Prasad and Reddy, 1977; Owens, 1981;
Sahrawat, 1981; Sahrawat: {980). The function of nitrogen

inhibitors is to knock down the activity of nitrosomonas

L ]
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bacteria yhich then slow down the conversion of ammonium
nitrogen to nitrite nitrogen., The release of nitrate thus

become slow qu plants use it efficlently.

In India, several indigenous materials, like neem cake
and lac, have been utilized for coating the urea to make it
slow release fertilizér (Prasad et al., 1971). Though, sulphur
coated urea have proven ability to release nitrogen slowly
(Allen, 1968 C.F. Prasad et al., 1971), its practical use in
India is limited as no.firm makes sulphur coated urea at

present in the country.

.

Nitrification is the biological oxidation of ammonium
into nitrate via nitrite. It is mediated by nitrosomonas and
nitrobactor species of nitrifying bacteria, Usea is the most
important nitrogen fertilizer and its use is steadily <dncreas-
ing to boost up the agricultural production. This trend is
very likely to continue as hunger stili prevails in the world.
It is also a fact that the transformation of urea into ammonium
and its utilization efficiency could be controlled by inhibie

ting the action of nitrifying bacteria on it.

In Japanese mint (Mentha arvensis L.) slow releésa
fertilizers have not yet been tried, However, the?e have
sﬁown beneficial effect in certain other fileld crops. There-
fore, the review in this section is based-on crops other than

.

Mentha arvensis L.

"
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2.5.1 Rate of nitrogen mineralization
\

Reddy and Prasad (1975) reported nitrification inhi-
bitory properties in neem cake. Khandelwal et al., (1977)
observed that urea coated by 0.5, 1 and 2 ppm of neem cake

-,

extract mineralized within 4 weeks of incubation while!ihi}
coated urea got mineralized in one week of incubation. fﬁe
low rate of mineralization by neem cake extract was due to its
inhibitory action on the population of nitrosomonas and nitro-
bactor, Sahrawat (198P) reported nitrification inhibitory
properties in Karanja (Pomengia glabra) seed cake and bark
also. In*another study, Saarawat (1982) treated urea with
alcohol extract of Karanja and neem seed and also with Karane
jin. The extract retarded mineralization process for 45 days
while Karanjin prolonged its for 60 days. Thomas and Prasad
(1983) revealed that coating of urea by neem cake imparted
both slow release and nitrification inhibiting properties.
They reported that inhibition of nitrification by neem cake
was gratest at the end of first week in the alkaline soils

and at the end of second week in other soils included in the

Stuay.

In sulphur coated urea, cgating of sulphur is made
on uwrea prills., Therefore, nitroéén released from coated
urga 1s controlled, The dissolution rate of sulphur coated
urea is also low, Rind et al., (1968)/C.E. Prasad et al.,
1971_7reported that the dis§olution rate of urea in water
was 1 and 0.3% when 9 and 15% iulphur coating was made over

it,respectively. g
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SPlphur as a coated material reduced into sulphide
and ferrous sulphide is also formed around urea granule, This -
effectively incircle the urea and prevent the contact of

granule with urease. Thus urea hydrolysis is inhibited.

In rice fields, oxygen availability from rice roots,
oxidise the ferrous sulphida present around urea granule,
This makes the release of nitrogen from urea easy; However,
sulphur coated urea mineralizé slowly in water logged than
the arable field condifions (Rajale and Prasad, 1970). Under
high temperature, the dissolution rate of sulphﬁi coated urea
is enhanced and thus nitrogeﬁ release is faster. This,however,
could be controlled by increasing thickness of coated

material:énd placing the fertilizer below root zone.

Ld

Lac coating on urea also make it slow release .
fertilizer because lac have low dissolution rate in water.
Patro et al., (1975) observed that an application of lac coated
urea at the rate of 100 K F/ha was superior to 150 % N/ha

[ ]

applied as prilled urea. )

Prasad gg,gi.; (1970) reported that nitrogen losses
through leaching, ammonia volatil%gation and denitrification
could be minimised by increasing the size of nitrogen fertilize:
gmamule. Chakravorty (1979) emphasized the importance of slow
release nitrogenous fertilizers to minimisde nitrogen losses |
through leaching, ammonia wolatilization and denitrification,
Coating of urea with nitrification retarding chemicals and |

L4
materials viz. sulphur, neem cake and lac make the urea
* ot



' - 24

*to release‘nitrégen slowly. Urea Super granule (USG), a new
fertilizeé product of Indian farmers fertilizers cooperativu
Ltd. (IFFCO), India has shown high nitrogen utilization effi-
ciency in rice crop (Thomas and Prasad, 1982}, Losses of '
nitrogen laaching.voratiliihtion, denitrification and runoff
were minimised when USG was used. In urea Super granule,

the granule of urea were increased to 1-2 gm size, The pH
of the soil in the vicinity of USG increased upto 9, while
enzyme could function only upto an optimum pH of 8. Thus,
urease activity is redﬁced which ultimately affected the

hydrolysis process adversely,

Moreover, the upward diffusion of ammonium released
from hydfolysis process of USG is <low. Thus, the ammonia
found in the soil where USG is placed come out in the atmosg-

phere slowly and hence wvolatilization losses are reduced,

The low concentration of nitrate formed by nitri-
fication also lead to minimum possibilities of nitrogen loss
through leaching and denié&ification in the an aerobic layer.
In 1light texturedf sqil with a high percolation rate nitrogen
in urea super granule is subjected to extreme leaching losses. -
Thomas and Prasad (1982) reported. that hydrolysis of USG was
slower than the prilled urea. This has resulted into a.longar
persistence of ammonical nitrogen and lower concentration of

nitrate nitrogen in the soil,

Nitrogen recovery by deep placed USG in wet land has
been shown to be greater than that of its splig,application
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{savant et al., ;983). Chen and Zhv (1982) observed enhanced
uptake of ;1trogen by crops and reduced losses by USG than
powdered urea., Rao et al., (1985) reported 38-51% nitrogen ‘
recovery by tﬁ; use of USG, 32-44% by prilled urea and 20%

by splits application ‘in intermediate deep water conditions

of rice crop. ©Split application or foliar spray of urea 4id
not prove effective in intermediate deep water conditions,
Eriksen et al., (1985) also reported higher nitrogen recovery
in rice with 5, 10 and 15 cm deep placement of USG than surface
applied urea and USG. éeddy and Mitra (1985) observed higher

nitrogen uptake by SCU and USG than prilled urea.

Prasad and Reddy (1977) reported that sulfa drugs
(sulfa thiozole, sulfa nilamide and sulfa pyridine) have nitri-
fication inhibitory properties. Sulfa thiozole applied @
2 ppm inhibited nitrification most effectively than sul¥a
nilamide and sulfa pyridine, Aabout 14% of nitrogen from

applied urea have accumulated in form of NO,-N with in first

2
week of incubation. sSulfa drugs when applied with urea reduced

this NO, accumulation. Sahrawat (1980).suggested the use of
Malathione, Parathione. and nitrapyrine to inhibit the activities
of urease, Prasad (1982) on the basis of several field trials
have concluded that nitrification ¥nhibitors and slow release
nitrogenous fertilizers are effective in rice cultiyation as

they check leaching and volatilization losses which occur in

submerged conditions,

Singh and Ram (1976) studied mineralization rate of

slow release nitrogenous fertilizers under water? logged

»
1

L 4
L 3%
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conditions at Azamgarh district of Uttar Pradesh. They
showed that ammonical nitrogen increase during the first 4
weeks of submergence., Thereafter it tended to Qecrease.

The magnitude of nit?ogen release from various N-carriers
was in the order of Ammonium sulphate > urea > LCU 7 SCU.
Maximum nitrogen was released from ammonium sulphate and
urea in comparison to sulphur coated urea., Savant and De Datta
(1979) studied the pattern of nitrogen release from deep
placement site of prilled urea (PU), USG, SCU and urea in
Mud ball (MBU), Nitrogen release from PU and USG was rapid
during first day after placement and decreased thereafter in
comparison to SCU and MBU, Nair and Sharma (1979) showed
that urea and Isobutylidenerdiurea (IBDU) hydrolised rapidly
and have left no traces after two weeks while SCU mineralised
slowly and retained nitrogen upto 4 weeks after incubgtion.
The rate of nitrogen release from NCU was intermediatory in
between the above mentioned two N-carriers. Thomas and
Prasad (1982) studied the rate of nitrogen mineraldzation
from NCU, SCU and Nuserve.treated ure& (NSU) in sandy clay
loam., After three w?eks of incubation inhibition of nitri-
fication was 63, 46, 29 and 12% with NSU, NCU (Alacheﬁie
15%), NCU (IARI 20%) and Neem mixed urea (NMU) IARI 20%)
respectively, Neem cake coating of urea slowed down the
reélease of mineral nitrogen from urea as well as inhibited

the nitrification of released ammonium nitrogen,
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2.5;2 Voiatilization and leaching losses of nitrogen

The recoveries of applied fertilizer nitrogen hardly
exceed 40% (Allison, 1966 Prasad, 1971; Engeles:ad and
Russel, 19753 Sanchez, 1976 and Shhrawat, 1979 ,1980) it
usually ranges between 20-30%. Apart from the immobilization
and fixation of ammonical nitrogen in clay iattice (which is
very minor), the low recoveries are due to losses of nitrogen
through leaching and volatilization. Pande and Adak (1971)
recorded 45 to 60% learhing of basal applied nitrogen. The
leaching was minimised to 11-33% by split application of

nitrogens le

studies of Daftardar (1973), however, indica -
ted only 4-25.6% leaching of applied nitrogen through ammo-
nium nit¥ate. Leaching occurred in form of nitrate nitrogen.
ammonical nitrogen did not leach muéh. Smith and Chalk (1978)
reported that in alkaline pH nitrogen losses in form aof
ammonical fertilizers were NZ’ Nzo, No and Noz. Milkkelsen
et al., (1978) reported as high as 20% losses through ammonia
volatilization by broad c?sted urea in neutral flodded soil.
In acidic soils volatilizatiof losses were less than 1%.
Placement of nitrogen fertilizers at the depth of 10-12 om

reduced ammonia volatilization to less than 1%;

Terman (1979) observed maximum volatilization from
soils having pH values from 8-9. Vilek and Craswell (1979)
found that soon after hydrolysis, wvolatilization proceeded

to a maximum of 50%, within 2-3 weeks., The volatilization

o
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losses from ammonium sulphate reached to 15% within three
weeks whiie volatilization from urea remained negligible,

Rao and Prasgd (1980) found 20% leaching of nitrogen from

all the N=carriers except of sodium nitrate, Leaching how-
ever, was reduced by.blend;ng the urea with nitrification in-
hibitors N-serve, neem cake, sulphur and by using urea super
gramule, Bauder and Montgomery (1980) suggested timely app=~
lication of ammonium fertilizers and low volume of irrigations
to minimise leaching qf nitrate nitrogen below rcot zone of
wheat crop. arora and Juo (1982) compared nitrogen leaching
from bare and cropped coarse textured Kaolinite -ultisol
under high rainfall conditions. One to three split applica-
tions re?uced nitrogen leaching ffom 53 to 28%. In maize,
the leaching of applied nitrogen wag 22, 35 and 41% from one,
two and three splits, respectively. In rice, the resggctive
values changed to 31, 39 and 61% for one, two and three splits,
applications. Romanin (1982) observed that, ammonia wvolati-
lization was higher from ammonium sulphate in compgarison to
urea within 24 hours of aépligation. However, after 7-9 days
volatilization increased in urea in comparison to ammonium
sulphate., sSinde et é&.. (1982) reported that out of total
nitrogen leaching (6.37%), 1.25 was: ammonical and 4.88%

was nitrate. Rao and Bhat (1984).compared ammonia volatili-
zation from different Necarriers in Java citronella, a aro=
matic crop grown largely in eastern and scuthern parts of

the country. Surface appljcation of nitrogen resulted
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substantial lo;ses of ammonia as gas (PU 19.8%, USG 29.3%
and SCU 9.8%) and placement of nitrogen at 5 cm depth
eliminated the losses (PU 69%, USG 1.4% and SCU 1.1%). USG
could be ad;antageously used in upland crop situations to "’
minimise ammonia volatilization. Eriksen et al., (1985)
found 24% nitrogen losses from surface applied urea through

ammonia volatilization. The losses could, however, be

checked effectively by deep placement of USG.
2.5.3 Crop response’

Prasad (1966) showed that ammonium sulphate treated
with Ne-serve increased 8 ¢/ha yields of rice over prilled
urea. poth Ne-serve and ammonium,sulphate found to be effectiw
Benefits due to nitrification inhibitors, however, more in
dwarf than in tall rice varieties (Lakhdive and Prasad,

1970, 1971). Prasad et al., (1971) opined that slow release
nitrogenous fertilizers and nitrification inhibitors increased
crop yields by minimising leaching and wvolatilization losses
of applied nitrogen. Neison-gg al., *(1976) reported 12-25%
increase in corn yield and 13-20% in wheat yields by applying
nitrogen with nitrapyrin terrazole, a nitrification
inhibitor. Sharma (1976) at Pantnagar reported that
Isobutylidene diurea (IBDU) and sulphur coated urea (scu)
Significantly higher wheat grain yields than urea. Knop

et al., (1976) studied the effect of slow acting fertilizers
in spring wheat and barley. Application of slow acting
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urea blep&ed with neem cake, coaltar and Kerosene produced
5.2 t/ha.yields. Nitrogen concentration in plants also
increased with the same proportion. Split application of '
coaltar kerosene oil coated urea as 25, 50 andizs%p;at sowing,
tillering and penicie 1ni£iation stages, raspeciivély, pro=
duced maximum rice yields (Rajan and Subramaniyan, 1981).
Eriksen and Nilsen (1982) observed 85% increase in grain
yield with an application of two levels of USG and prilled
urea (2 gm and 4 gm ufea/o.l m2 ) applied at the surface of
submerged clay soil., The differences in yield between
prilled urea applied in three split doses and one application
of USG was not significant. Deep placement of USG at 5 cm
depth increased the grain yield by 20% over surface applica~-
tion. &he yield differences of éo.m N/ha applied equally

in three splits i.e, transplanting, tillering and penicle
initiation stages and 40 k N/ha applied in form of ugea at
the time of transplanting with 20 i N applied at penicle
initiation stage were not significant. The yield_obtained
at 60 k N/ha through lac'coayed urea as basal dose was also
at par (Laskar and Dadhwal, 1982). Lal et al., (1982)
suggested the use o% seed cake (neem) with coaltar and kero-
sene oil (132) to blend the urea. Basal application of

this fertilizer at 50 i N/ha pr&éuced 5.3 t/ha rice grein
#hich was higher than the split application (5.1.t/ha) of
urea, Sannigrahi and Mandal (1984) showed that lac coated
urea and urea were equally efficlent in rice grain produc-

tion, but were significantly superior to urea form (40% N),
*
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' IBDU (3}.?% N) and crotonylidene diurea (CDU), (31% N).
Uptake of nitrogen by straw under different Necarriers was
in the ordef of lac coated urea, urea form Isobutylidene
diurea, crotonylidene diurea. Deep placement of USG in
continuous or interhetten% flooding produced significantly
higher rice yields in comparison to surface application of
prilled urea or urea super granule (Eriksen et al., 1985).
Reddy and Mitra (1985) reported that under intermediate
flooding of 15-35 cm deep water during entire growth period
sulphur coated urea ;nd urea super granule placement was
superior to prilled urea in increasing the grain yield

of rice:

2.6, . Scope of utilising slow release nitrogenous
fertilizers in Mentha arvensis

Mentha arvensis is a crop where frecquent irrigations

are required to sustain higher growth. The crop passes
through rainy season and takes about 9 months for its
maturity. Broadcast application of urea, the maih
fertilizer source available to the f;rmers, is utilized
inefficiently by the crop because most of the nitrogen is
lost through leaching, denitrification and ammonia
volatilization. The nitrogen recovery by the crop is almost
35% which is very low. The excess concentration.of fertilizea
.in the root zone which is likely to be lost through the
process as mentioned above can be reduc;d by split applica-
tion of fertilizer, 1ncof§oration of fertilizer, deep
placement of fertilizer in sdil and the use gf slow release
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fertilize;; at higher rates proved beneficial to increase
spring wh;at yields. Khandelwal et al., (1977) reported

that an application of 60 i N/ha through urea coated with
neem extract at 0.5, 1.0 and 2.0 kg increased the grain and
straw yields of wheaé in cémpariaon to control. Prasad (1979)
observed higher fertilizer use efficiency in rice, maize,
sugarcane etc. by the use of nitrification inhibitors, urea
briquetts, urea super granule (USG) and urea mixed and coated
with neem cake over p;}ll urea. Similarly, Seshadri and
Prasad (1979) reported significantly higher seed yields af
cotton w%th the application of SCU and N-serve urea than
prilled urea. Sharma and Prasad (1980) observed higher dry
matter production and nitrogen uptake in rice crop at an
applica£;on of 150 kg N/ha in comp;réson to control. Chaing
and Yang (1980) reported that SCU increased the grain yields
of early rice, The increase rate was 17% in comparis;n to
basal dressing and three side dressings of urea, Milenko

et al., (1981) reported that N-serve treated urea increased
the yields of winter wheat and sugarbeet without affecting
their quality. Milenko and Milan (1981) applied 125 and 80 iy
N/ha through urea miied with Negerve and found that 125 g
N/ha increased 6-10% grain yield.of wheat in comparison to
80 kg N/ha. Rabindra and Rajappa k1981) observed that grain
vJield of rice increased from 2.6 t/ha in control to 4.2 t/ha
at 100 k N/ha applied in three splits of .urea. Application
of 80 y N/ha through neem cake blended urea in two splits

produced 4.7 t/ha ylelds while the same dose applied through

-
.

. : {
.
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nitrogenpds fertilizers. Split application and deep
placemené involve extra cost of application. S5low release
fertilizers'yhich can be applied at planting may not require
more labour for its application at later stages. The slow.
release concept relies on‘aelaying the availability of
soluble nitrogen to the crop plant until the plant has a
strong root system which can compete with the loss mechanism
and bioclogical immobilization for fertilizer nitrogen. If
the release rate can ?e matched to the needs of the crop
plant, no doubt, the yield of the crop will increase in

a most gfficiant way. No work in this respect has been done
on Mentha species., There is much scope to do experiments

on slow release nitrogenous fertilizers with Mentha

arvensi; L. crop for increasing ;hg efficiency in nitroge-

nous fertilizer use in Mentha crop.



3. MATERIALS AND METHODS

The present investigation on "Physiological basis

of yield variations in Mentha arvensis L. due to nitrogen

fertilization and their agronomic appraisal® was conducted

at Agricultural Research Farm of the Central Institute of

Medicinal and Aromatic Plants, Lucknow during 1983 and

1984. The details of materials used and methods employed
.

during the course of this investigation have been elaborated

in this chapter.

3.1 Experimental site and climate

The agricultural farm of tHe Central Institute of
Medicinal and Aromatic Plants, Lucknow is situated at, 26.5° N
latitude 80.5° E longitude and at 120 m altitude,
Climatologically, Lucknow is classified in semi-arid
sub=tropical zone with sivere hot summers and fairfly cool
winters. In this region, monsoon normally onsets from
last week of June and continues till end of September.

About 88% of the monsoon rains are received during July
and August. Winter also experieyces some rains due to

cyclonic disturbances in Arab%?vSea.

3.2 Weather conditions during the course of investigation

The details of weather conditions that prevailed

during the course of this investigation have been depicted in
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.
Fig. 1 aﬁﬁ presented in Appendix 1. The minimum and maximum
temperatures fluctuated between 4,6°C and 29.,5°C and 15.4°C
and 42,3°C, ;espectively through out the crop life cycle.
The lowest minimum temperature (4.6°C) was recorded in
third week of January in 1983, and in the last week of
January in 1984. After this, minimum temperature increased
and attained peak (29.5°C) in second week of June . Maximum
temperatures were also low in January. In 1983, lowest
maximum temperature of.15.4°c was recorded in first week of
January, while in 1984, the lowest value of 23°C was
observed.in third week of January. The relative humidity
varied from 57.3 to 94.0% in 1983 and 58.7 to 96.5% in 1984,
The experimental crop received 942.9 mm rainfall during
entire life cycle in 1983, Maximum‘rainfall of 404.3 mm,
however was received in July. In 1984 season, the crob
experienced 653.6 mm rainfall, of which maximum (267.8 mm)
was received in June,

3.3 Soil characteristics

Soil of the experimental area was sandy loam in
texture and alkaline in reaction {pH 8.5). The physico-
chemical properties of the soil indicated that soil was
doficient in nitrogen.gnd medium in phosphorus and low in
potasium (Table 1). The particle density’'of the soil was

2,22 g/cc. .



" Table 1: Physico-chemical characteristics of the experimental

soil
2 1 1
Value Methods
Particulars ! T '
. 11983 , 1984 ¢+ °mployed
1. Physical characteristics
(a) sSand % 66.2 66.2 Hydrometric Method,
Buoyoucos, 1962
(b) SAlt % 24.0 24.1
(c) Clay % 9.8 9.8
(d) Particle density 2.22 2.23
gm/cc
2. Chemical characteristics
(a) Available nitrogen 141.1 150.0 Alkaline permagnate
(xg/ha) method, Subbiah &
Asija, 1973
(b) Available P 9.6 12.0 Olsen's NaHCO,
(kg/ha) method,
Jackson, 1967
(¢) Exchangeable ¥ 50.4 55.0 ammonium acetate
(kg/ha) . Flame Photometer
(d) pH 8.5 8.6 Digital pH meter

model LI-120
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3.4 Gropping history

The agricultural research farm of the Central
Institute of Medicinal and.kromatic Plants, Kukrail was the
undulated barren for;st land acquired from the forest
department of Uttar Pradesh government in 1976. To make
it cultivable, heavy levelling was done., Therefore, whole
soil profile was disturbed., To stabilise soil profile,
aromatic grasses like gcitronella and palmarosa were grown
in initial years of its development. The crops which were
grown on,the experimental plots after 1978-79 crop season,
have been shown in table 2.

*

Table 2., Previous cropping history.of the experimental

field
[ s s
Year ' Season ' Crop grown ' Remarks
] ' 1]
1978-79 Rabi Mustard -
1979-80 Rabi,Kharif Japanese mint Entomological
experiment
1980-81 Kharif,Rabi. Costusg species Agronomical
experiment
1981-82 Kharif,Rabil Costus species Agronomical
. experiment .
1982-83 Rabi,kKharif Japanese mint Present experiment

1983-84 Rabi,Kharif °Japanese mint Present experiment
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3.5 Experimental details

To aghieve the objectives, diliented in the
introduction, a field experiiment was laid out with following

treatments during 1983 and 1984,

3.5.1 Treatments

1. Nitrogen carriers

(1) Prilled urea (PU) = S1
(i4) Urea super granule (USG) = S,
(114) Lac coated urea (LCU) = S4
(1v) Neem cake coated urea (NCU) = S4
2. Nitrogen levels (ky/ha) *

(1) 0 (Control)
(11) 60 ( Nl)
(111) 120 ( Nz)

3. Time of nitrogen application

(1) Full basal . ( T1°)

(11) 1/3 basal + 1/3,45 days ( T,)

after planting + 1/3
after first harvest

(1i4) 1/2, 45 days after - T3)
planting + 1/2 after
first harvest



* 3.5.1.1

(1)

(14)

(114)

(iwv)
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Details about nitrogen carriers

Urea' 1+ Urea of Indian Farmers Fertilizer Cooperative
Ltd. containing 4@! N was used. This was in the

form of prills of 3.4 mg size.

Urea super gramule (USG): Urea super granule was
obtained from Indian Farmers Fertilizer Cooperative

Ltd. The weight per granmule was 1 gm having 46% N.

Lac coated urea (LCU): Lac coated urea was made by
ghallac coating on the prill urea. Shallac resin
was dissolved in absolute alcohol (1:2 ratio). A
mixture of linseed o0il, soap and coaltar was also
prepared. These two mixé;qgs were, then mixed and
poured in a drum where urea was placed, The drum
was rotated with 600 r.p.m. This caused a th;n
coating of mixture on urea prills. The final urea
formed, thus, contained (33.9%) N ‘on weight basis.
The compositions of all the materials in final
product was urea 73,9%, Resin shallac 16.2%, boiled
linseed oil 3.3%, soap stoné {conditioner) 2.9%,

wax 3.6% and coaltar 0.3%.

.

Neem cake coated urea (NCU)s: A simple technique
for coating uvrea with neem cake was developed at
IARI, New Delhi. The same was used here. One

kilogram coaltar was dissolved in two litres of



3.5.2

(1)
(11)
(111)

(iv)
(v)
(vi)
(vid)
(viid)

3.5.3
3.5.3.1

*
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?erosene. 0il through shaking and the required
quantity of solution (2 ml/100 gm urea) was added
to drea kept in a polythene bag and the content
were thoroughly myxed, This gave a simple coating
of coaltar on urea prills. Fine powdered neem cake
(20 gm/100 gm urea) was then added and the content
of the bag were thoroughly mixed. The neem cake
contained 5.4% N and thus the neem cake coated urea

contained 38% N,

.Layout plan

Design Randomised Block Design
Replication . Three

No. of plots in one 25

replication

Total No. of plots 75 *
Gross plot size 18 m2

Net plot size 6.75 m2

Sampling area . 11225 m2

One control per
replication was taken

Crop culture

Field preparation

About a month before planting the field was deep

ploughed with soil turning plough. This was followed by a
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harrowing, then one pre-sown irrigation was given when the
field came in condition, final beds were prepared by three
cross harrowfng and plankii7.

3.5.3.2 Planting dates and seed rate

The crop was planted in rows 45 cm apart using 5 g
of suckers/ha on January 22 in both the years. For planting,
suckers were placed en? to end in 5 cm deep furrows opened
by hand hoe and covered with 2.5 cm soil. A light irrigation
was giveq just after planting to ensure good sprouting of
suckers.
3.5.3.3 Fertilizer application |

Phosphorus and potassium fertilizers were applied
at the rate of 60 K PZOS or qu/ha each using single super
phosphate (16% PZOS) and murate of potash (60% KZO).
respectively. The exact quantity of these fertilizers per
plot was mixed thoroughly, brdadcasted and incorporated
uniformly before planting. Nitrogen was applied as per
treatments. However, the basal application of nitrogen was
given in the furrow below the suckers but USG was placed

5 cm deep in between two rows of Japanese mint.

3.5.3.4 Weeding

To keep the field free from weeds, seven mannual
weedings were done on the dateg given in table 3. Weeds were
removed by scrapping the soil with the help @f " khurpi.

* ¢



Table 3,

L]

Caiender of field operations

[
Operations L Dates ;
' 1983 ' 1984
1. Preparatory tillagé December, 28 25
presowing irrigation
cross harrowing followed
by planking
2. Lay out of field January, 19 16
experiment
3. Planting January, 22 22
4. bApplication of fertilizer
(a) Basal dose January, 21 21
(b) Top dressing and March,3 and March 7 and
incorporation of May, 25 May, 28
fertilizer into the .
soil
5. Irrigation January, 22 22
February, 8, 28 10, 21,
March,6,16 & 28 9,17, 26
April, 7,17 & 27 8,19,30
May; 12, 24 14' 25
June' 2’ 15 4' 16
July 12
6. Weeding March, 8, 30 11,30
+ April, 9320 & 29 10,21
May, 27 1,29
June, 9 11
7. Harvesting
First harvest May, 22 21
Second harvest August, 5 4 .
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3.5.3.5 . irrigation

Th? crop waa'irrigated at an interval of 15 days
during Jamuary-February. The interval of irrigation was
reduced to 10 days during A:zch-June. During rainy season,
crop was not irrigated. Thus, in total 13 irrigations

were given during 1983 and 14 in 1984,
3.5.3.6 Harvesting

The crop wa; harvested twice each year. First
harvest was done at 120 days after planting(DAP), while
second h;rvest of regenerated growth was done 75 days after
first harvest. Harvesting was done with the help of sickles
close to the ground level., The ﬁ%oduce was weighed

immediately after harvest.

3.6 Observations

Following observations were recorded as per

techniques mentioned below 3

3.6.1 Growth

Growth observations were recorded on plants from
25 em running row length which were cut close to the ground

level at 15 days interval from 60 days after planting.
3.6,1.1 Plant haight

Five plants from the whole harvested lot were

-

selected and their height was recorded, The average height

of these five plants was considered height at that stage.
. . .

¢

*



3,6.1.2 ° Number of leaves

Grden leaves of the harvested plant samples were
counted and expressed as nQ‘ber of leaves per 25 cm row

length.
3.6.1.3 Leaf area

The separated leaves were divided into three
groups; small, medium and large. Five leaves of each group
were taken for measuring leaf area. The leaf area was

measured «by portable leaf area meter Model LICOR-3000.

3.6.1.4 Leafs stem ratio

The leaves and stem of plant sample from 25 cm
row length were separated and weighed separately., Leaf:
stem ratio was calculated by dividing the weight of leaves

to that of stem, in fresh weight basis.,

3.,6.1.5 Dry matter accumulation

The observations on dry matter accumulation were
made on a separate sample harvegted from 50 cm row length
each time. The sample was dried.at 70°C - 80°C for 48 hours.

The dry matter have been expressed on hectare basis,
3.6.2 Growth analytical observations

The data on leaf area and dry matter accumulation
were subjected to following growth studies., Growth analysis
formulae given by Radford (1967) were utilizeq.
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3.6.2.1 ,ﬁéaf area index

Total leaf area of 25 cm row length was divided

by the ground area i.e. 45 cm x 25 cm.

/

3.6.2,2 Crop growth rate (C.G.R.)

The formula for mean crop growth rate (CGR) was

as follows

CGR =(w2;-v.\71)/ (tz-t)

1

3.6,23 Relative growth rate (R.G.R.)

Relative growth rate (RGR) of the crop was

calculated by the following formula

wz W1

where w2 and w1 were the values of dry weight of the plant at

t2 and t1 time intervals.
L]

3.6.3 Herbage yield

L

There were 8 rows of 5 m length in each plot as
shown in Fig. 3. Sample for groéth was done in rows 1,2,3,
7 & 8. Three central rows (i.e. 4,5 & 6) were harvested for
herbage yield at first harvest. Sampling of regenerated
growth was done in 4 and 5th rows, Second harvest was taken
from two central (i.e. 5 ;;d 6) rows., The total of first
and second harvest in a plot éas considered ag herbage

!
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productioﬁ of that plot, which then was converted into
q/ha for treatment comparisons. The build up of biological
yield at first harvest (planted crop) and second harvest

(regenerated crop) have bgan shown in Fig. 4.
-
3.6.4 0il content

01l content was determined in 100 gm plant sample
by hydrodistillation method using Clavenger's apparatus.
Plants were chopped qu.filled in boiling flask of
Clavenger's apparatus. The flasks were placed on heating

mentle gnd the distillation was done on a constant heat.

3.6.5 01l yield

*

0il1l yield was calculated by nultiply the fresh
herbage yield with that of oil content in respective plant
samples,

3.6.6 011 quality

0il quality in terms of menthol, menthone and
menthyl acetate con?Fnt was determined by gas liduiad
chromatography on Perkin Elmer 3920 chromatograph using 20%
replex - 400 on chromosorb WN AW, 1/4" x 6 ft column and TCD
as detector with hydrogen as carrier gas. Peaks of
menthol, menthone and menthyl acetate on G.L.C. graphs

have been shown in Fig. S.
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3.6.7 * Bilological efficiency of nitrogen application

*

Thils was calculated by the following formula

- .
(Dry matter yield _ (Dry matter yield
in fertilized plots) in control) % 100
BENA = -
amount of fertilizer applied
3.6.8 Studies on nitrogen losses

3.6.8.1 Nitrate nitfogen leaching losses

« The contents of nitrate-N in different soil
horizones i.e., 0-~15, 15.30, 30-45, 45-60, 60-75 and 75-90 om
depth, were determined before planting and at 30 and 120 days
after planting in five plots of different N-carrilers at
120 ig/ha basal nitrogen application. Soil samples from
different depths were taken out by auger (Fig. 6) and
collected in moisture box. Half of the sample was kept for
moisture determination and in remaining half nitrate N was
estimated using phenol.z:; disulphonie acid method
(Black, 1965). -

*

3.6.8.2 Ammonia volatilization

*
L

Ammonia volatilization of wvarious N-carriers.at
120 ¢/ha basal N app%ication was also determined. The
determination of ammonia wolatilization was continued till

35 days after planting. Dhe technique used for ammonia



Sampling procedure for
nitrate nitrogensleaching Fig.7: EqQuipment showing collec=
tion of volatilized ammonia

in field conditions.

L] -
Crose Section of e tal ,drum used
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volatilization vas that of Nommik (1973). In this technique,
the mat;l cylinders of 28 cm diameter and 50 cm height wers -
fixed in the soil in between two rows of the crop to a
depth of 5 om iFig. 7). Foam disc with 28 cm diameter and
2.5 cm thickness were taken., The two discs in each system
were placed, at the top of the cylinders and supported by
wood sticks as shown in Fig, 8, the upper disc helped to
avoid contamination of the lower disc from the atmospheric
ammonia. Before placing in metal cylinders the lower disec
was leached out with 1 ﬁ KOHd and 1 M Hy PO, solutions and
finallyewith distilled water. Soon after rinsing it, the
lower disc wasl%oaked in a solution containing 100 ml of 7
concantrated Hy PO and 40 ml glycerol per litre. The foam
disc was sequeezed for removing excess of the solution,
Foam disc was replaced at weekly intervals, AaAmmonia absorbed
in the disc was leached by successive washing with 500 ml
distilled water. Ammonia content in the leachate was

determined by steam distillation.

. [ ]

3.7. Statistical analysis of the data

*

F test was used for treatment comparisons.
Critical differences of two means were calculated using the
procedure of Randomised Block Design. However, for comparing
control with rest of the treatments, critical differences

were calculated using following formula



»

/ (EMS.S/S + EMS5/72 ) x t
For interaction effect,sum of squares,
combination of the three treatments (S x N x T) was
‘calculated from the table, from which sum of square of
individual treatment S, N and T, respectively were deducted
to get the interaction sum of square S x N x T. These

were compared by the CD values calculated as given below

.

‘ /' feMss/ r x t

The relationship of menthol with leaf area
index, nitrogen concentration and oil content and nitrogen
concentration with oil content was - studied by correlation
techniques described by Panse and Sukhatme (1967). The
variation caused in above characters by N~carriers, their
dose and time of applicaiioq_at diffqrent growth stages
over a period of two ééars was taken into considgration

to work out correlaéion values.



. 4, RESULTS

*

The results of this investigation on "Physiological
basis of yleld variations in Mentha arvensis L. due to
.nitrogen fertilization and their agronomic appraisal®
obtained during the course of ,experimentation are presented

in this chapter.

4.1 Growth

4.1.1 Plant height

-

4.1.1.1 Effest of nitrogen carriers

The general trend of variations in plant height
due to nitrogen carriers was almo§; the same in both the
years. However, plant attained greater height in 1983 crop
season than 1984 (Table 4 and Fig. 9). In general USG, LCU
and NCU produced taller plants than those plots receiving
PU. The differences in plant height from plots treated
with PU and other nitxogen darriers were significant
althrough except at 60 days after planting, wheéd'plants
from NCU treated plots were significantly taller than those
from plots fertilized with urea, Finally at the first
harvest (120 days after planting), plants fertilized with
NCU, UsSG, LCU and PU attained heights of 53.3, 49,1, 43.4
and 40.7 cm in 1983 and 48.4, 43.9, 43.0 and 41.9 cm in
1984, respectively. In regenerated growth, the respective
N-carriers produced plants with 57,9, 57.2, 54.5 and 47.5 cm

%

. [ ]
»
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1984 at 75 days.after first harvest.

.

4.1.1.2 Effect of nitrogen levels

At 60 Qays after planting, during 1983, the
differences of piant height between control and those
receiving 60 k N/ha, were not significant. Application of
120 yy N/ha produced significantly taller plants than those
in control plots and those receiving 60 i N/ha., With
advancqunt in age, piint height increased significantly
with ;uccessive,increase in the nitrogen doses from 0 to

120 iy N/ha. In 1984, at 60 days after planting, increasing

doses of nitrogen increased the plgat height significantly.

The height of regenerated growth, recorded at
55 days after first harvesting (36.7 cm ) was almost same
to that recorded 105 days after planting (36,0 em ). This
showed that the growth of regenerateq crop was faster than
the planted crop. ’ .

L]
*® »

Increasing levels of nitrogen exhibited beneficial
effect on the height of Japanese’ mint during regenerated
growth. At 55 and 75 days after first harvest the heights
of regenerated growth in control plots were significantly
lower than the fertilized plots; the maximum height was

recorded at 120 kg N/ha.
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4.1.1.3 Effect of time of nitrogen application

. Under full basal application of nitrogen, plants
emerged quickly‘*and attained significantly greater height
than those getting nitrogen in split doses. The differences
in plant height in plots receiving nitrogen at full basal,
three and two split applications of nitrogen were significant,
during both the years, at all the growth stages except 60
days after planting in 1983, At 120 days after planting,
plant attained 48.9, 47.% and 43.6 cm height in 1983 and
46.0, 45.1 and 41.9 cm‘ﬂeight in 1984 in plots supplied with
nitrogen 'as full. basal ,in three and two split applications,
respeczively. In regenerated crop, the above trend reversed,
The heights of plants recorded finﬁ};y at second harvest
were 49,0, 53.6 and 60.1 cm in 1983 and 36.9, 41.2 and
45.2 cm in 1984 in plots getting nitrogen as full basal in

three and two split applications, resgpectively.

4.1.1.4 Interaction of N~carriers, their rates and time
of nitrogen application .

The plant height was significantly influenced by
the interaction of Necarriers x N-rates x time of nitrogen
application at all the growth stages during both the years.
However, the effect of interaction at the final stages i.e.
at first (120 days after first harvest) harvest is summarized

in table 5. The application of 120 ¥ N/ha at the time of

LS
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Table 5. Plant height (em) during first harvest of
. Mentha arvensis L. as influenced by the interaction
of Necarriers, their rates and time of application

.

Treatmants PU UsG 1L.CU RCU
l 1983
60 ¥y N/ha
{ T, 37.0 50 .4 44.3 55,0
T, 41.0 47,0 39,3 5142
T, 40.5 4 44.2 8.0 45.2
120 i3 N/ha
T, ¢ ' 37.9 57.0 49,0 60 .5
T2 44,7 50.0 46.7 59.3
Ty 43.3 46.0 43.0 49,0
C D 5% 4,74
1984
60 1y N/ha
T, 0.0 . 45.3 44.0 47.7
Tz 43,7 . *+ 42,0 . 4207 47.0
T3 3?.0 39.0 4100 .0‘ - 4500
120 t4 N/ha )
T, 43,7 48,7 45.0 53,7
T, 44,7 46.0 43,7 ~51.3
Ty 42.7 42.7 41.7 46,0
C D 5% . 2.31
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Table 6. Plant height (cm) ‘during second harvest of
Mentha arvensis L. as influenced by the interaction
. of Necarriers, their rdtes and time of application

*

L 4

Treatments PU USG LCU NCU
' 1983
. /
60 g N/ha .
T, 42,7 50 .0 46.7 52.7
¢ T, 46.0 54,7 54,3 56.0
T, 54.01; 62.0 57.7 64.0
120 kg N/ha
T, . 41.0 53,7 53.0 52,0
T, 46.7 58,3 56.0 57.0
T4 54,7 64.7 59,0 65,7
C D S% ”~ 6.49
1984
60 1 N/ha
T, 30.7 38,3 35,7 37.0
T, 36.0 ° 42.0 39.3 44.0
T3 41.0. : 4700 44-0 4600
Ot -
120 kg N/ha .
T, 34,7 40.3 38.0 40.3
T, 38.3 45,0 38.0 47.0
Ty 40.7 48.0 46.3 48,7

C D 5% , 4.14
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planting ;hrough'NCU produééd significantly taller plants
than those recorded from other treatment combinations

excep% the same éose through USG and three split applications
of NCU during 1983. Split applications of urea increased

the plant height significantly than its basal application.
Planf heights, hodgver, decreased when NCU, USG and LCU

were applied in splits. Split application of urea under
lower nitrogen doses favoured plant height increase than basal
application of higher do es; Two split applications of 60
and 120 k N/ha through le the Ne.carriers produced plants of
almost similar height. The height attained with two split
doses was significantly more than those recorded under basal
application of 60 and 120 ¥ N/ha through all N-carriers,
Greater height of regenerated plant;’}Table 6) at basal
application of both the nitrogen dosesg through NCU, USG and
LCU than PU indicated that NCU, USG and LCU had larger
residual effect than PU.

4.1.2 Number of leayes ° ¢

4.1. 2.1 Effect of q}trogen carriers -

The initiation of leaves was very slow till 60
days of planting, After 60 days,'leaf initiation increased
at a greater rate till 105 days (Table 7) in 1983 that of
in 1984. Thereafter ;t got reduced during 1983, While in

1984, leaf initiation continued to increase till final harvest,
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The environmental conditidn during the period 90 to 105

days after planting favoured leef production appreciably.

.

. At ald ﬁhe growth stages, NCU, USG, LCU and PU
increased the number of leaves significantly over control.
The number of leaves per unit area attained in plants due
to the application of USG was significantly higher than
those attained due to the apﬁlication of LCU and PU, LCU
and PU produced almost equal number of leaves at 60 days
during 1983 and 105 dayf during 1984 in planted crop. 1In
1984, at 75 and 90 day#® after planting, NCU and USG resulted
into same numbe{ of leaves., Similarly, both the N-carriers
caused.non-significant differences in leaf number at 55 days
after first harvest during both thgzyears. At 120 days
after planting, USG caused 16% in 1983 and 30X in 1984, more
leaves than in plots receiving PU. The per cent increases
in leaf number due to the application of nitrogen through
LCU over PU was 13 in 1983 and 15 4in 1984, Similarly, NCU

caused 25% increase in 1983 and 49% in 1984 leaves over PU,

.
[

0‘ »
At the final stage of second harvegt, NCU caused

significantly higher number of leaves per unit area than
those recorded in plots receiving other N-carriers. The
production of leaves in regenerated growth through USG,

though was significanﬁly lower than NCU, but significantly
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higher than those receiving PU and LCU. PU caused
production of leaves significantly lower than those recorded

under other forps of N-carriers,

4.1.2.2 Effect of nitrogen levels

Nitrogen application at all the levels increased
the number of leaves significantly than control during both
the years, The differences in leaf number due to the
application of 60 and 10 i N/ha were also significant. At
the final stage of firdloharvast, application of 120 iy N/ha
caused 78% and %8% greater leaf number over control in 1983
and 1554, respectively, The magnitude of increase in leaf
number due to the application of 69,9 N/ha over control was
67% in 1983 and 35X in 1984, The differences in leaf number
due to the application of 60 and 120 ki N/ha were 7% in 1983

and 10% in 1984,

In regenerated crop, leaf number differed
significantly between the pldts receiving 60 and 120 kg N/ha,
At the final stage of second harvest, applicatich df 120 K
N/ha caused 120% and 109% increases in leaf number in 1983
and in 1984, respectively than control. The magnitude of
increase in leaf number due to 60 ¥y N/ha over control was
100% and 88% in 1983 .and in 1984, respectively. Application
of 60 and 120 x N/ha caused 10% and 11% differences in leaf
number over control duriné 1983 and 1984, respectively,

9
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4.1.2.3 Effect of time of niticgen application

. Full basal applicatio; of nitrogen produced
significantly h!gher number of leaves than two and three
split applications at all the growth stages, upto 120 days
after planting. The differences between two and three split
aéplications of nitrogen in leaf production was also
significant. 1In 1983, the per cent increases in number of
leaves due to basal application of nitrogen were 6% and

25% over two split appi’bations; in 1984, the respective

values were 10% and 21%,.

. In sedond harvest (75 days after first harvest),
two split applications causeq significantly greater number
of leaves than those recorded due td basal and three split‘
applications of nitrogen. Leaves increased by 26% over
basal and 10% over three split applications in 1983, 1In
1984, two split applications caused 27% and 11% higher
number of leaves than those recorded under basal and three
split applications, refpe;tivaly. Bagal application of
nitrogen in second harvest (regenerated growth) saused
production of significantly lower nmumber of leawves than two

or three split applications,

4.1.2.4 Ingeraction amongst Necarriers, their rates and
time of nitrogen application

The production of leaves per unit area was

influenced significantly due to the interaction of N-carriers

]
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. ®
x rateg of'nitrdgen application x time of application at
all the g;owth stages. The effaect of interaction at the
final stage of f"irst (120 days after planting) and second
(75 days after first harvest) harvests have been presented
in table 8 and 9. Application of 120 i N/ha at the time of,
planting through ’CU, USG and LCU caused production of
significantly higher number of leaves than other treatment
combinations during 1983. In 1984, however, only NCU at
120 iy N/ha basal application caused production of significantly
higher number of leavei ollowed by USG at the same rate
and time of application than other treatment combinations.

»
-

Split application of 120 i N/ha through PU caused
higher leaf number than basal applicé%ion of urea at the same
dose, The split applications of USG, NCU and LCU reduced
the leaf number significantly than those recorded when applied
as a basal dose. The differences between two and three splits

of 60 and 120 iy N/ha applied through urea were not significant.

. [ ]

The effect of.interaction in regenerated crop was
not significant durirg 1984 while in 1983, it was significant,
In regenerated crop two split application of NCU, USG and

LCU produced higher number of leaves than those recorded with
PU,
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Table 8. Number of leaves/25 cm row length during first harvest
of Mentha arvensis L. as influenced by the interaction
of Necarriers, their rates and time of application

4

Treatments PU UsG LCU NCU
! 1983
60 kg N/ha .
T1 520.3 803.3 709.0 829,0
T2 587.7 672.7 655.7 731.0
T, 603.7[ 567.3 520 .0 59643
)
120 y N/ha
Tl ., 525.7 799.7 778.7 900.7
T3 616.3 . 872.3 600.0 620,77
C D 5% .« 7 143.2
1984
60 k N/ha
T1 400.3 605.3 539,.7 641.0
T2 408.0 ° 527.7 . 462.0 590.7
T3 441.0 441.7 388,0 568,3
) & o
120 i N/ha .
Tl 416,.7 663.7 563.0 784.3
T2 439.3 587..7 539,0 . 641.0
T3 451.0 493.7 455.0 583.0

C D 5% 96.77




Table-9. Number'of leaves/25 cm row length during second
harvest of Mentha arvensis L. as influenced by the
interaction of Necarriers, their rates and time of

application
. . ]
Treatments ¢ PU UsG LCU NCU
1983
?

60 iy N/ha ,
T 50050 61540 550 .0 650.0
Tz 534.3 688.0 645.0 728.0
Ty * ' 625.0 732.3 708.3 774.7

120 g N/ha
T, 571.7 640.7 60167 675.3
T, 660 .7 740 .0 697.0 776.0
T, 737.3 832.0 639.7 885.0

C D 5% 111.99
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4,1.3. size of leaves

. .

4.1.3.1 BEffect of nitrogen carriers

The genzral trend of variations in leaf gize at

*

different Necarriefs was similar during both the years. However,
1983 crop season produced bigger leaves than those recorded in
'198{ ecrop season (Taple 10). At all the growth stages, nitrogen
applied through NCU: USG and LCU caused production of bigger
sized leaves than trose fertilized with PU. In 1983, at 120
days after planting, NCU caused 20% increase in size than those
‘recorded with PU, Leaves gbtained from plots fertilized with
USG were 13% larger than those recorded in PU treated plots,

LCuU caus%ﬁ 12% improvement in leaf size over PU. In 1984, the
magnitude of improvement in leaf size, due to NCU, USG and LCU
over PU was very small, NCU and USG caused 7% increase in leaf

size than those due to PU., The differences due to the use of

LCU and PU were marginal.

In regenerated growth, NCU caused production of
largest leaves followed by USG and LCU., The leaf size obtained

due to the fertilization through PU was the lowest,

4.1.3.2 Effect of nitrogen levels 4 -

The leaf size increased progressively with increase
in doses of nitrogen from 0 to 120 ﬁ/ha. In 1983, at 120 days
after planting, 120 i N/ha caused 25 and 2% increases in leaf

size over control and 60 ¥ N/ha, respectively; the corresponding

improvements were only 13 and 1%.
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At the final harvest of regenerated crop, the mean

L
size of leaves in control plot was 6.27 cm2 in 1983 and 4.27 cm2

2 2

in 1984. Leaf area increased to 3.63 cm”® in 1983 and 6.17 om

in 1984 at an app{ication of 60 i N/ha, Additional nitrogen
at the rate of 120 k/ha caused formation of bigger leaves

( 7.86 cm?®) in 1983 and (6.47 cm?) in 1984, than those recorded

2 2

in the control (6.27 cm® in 1983 and 4.27 cm® in 1984) plot.

4.1.3.3. Effect of time of nitrogen application

At all the grogth stages till the final stage of
first harvest, basal application of nitrogen caused production
of bigggr sized leaves than those recorded under split applica-
tions. However, in regenerated growth, split application showed

bigger leaves than those recorded under basal application.

At the beginning basal nitrogen produced leaves of 6.36 cm2

2

in 1983 and 6.49 cm® in 1984. At this stage, three split

2

apvplications reduced the leaf size to 5.89 cm® in 1983 and

2

5.86 cm”™ in 1984. The area was further reduced by two split

applications. Similar trend of variation continued till

120 days after planting.’

“+ .

In regenerated growth, two split applications
caused production of large sized lgaves followed by three

splits and than basal nitrogen application. The mean sizes

of leaves in two split.applications were 8,33 cm2

2

in 1983

2

and 6.84 cm”® in 1984, respectively as compared to 7.02 cm

2

in 1983 and 5.85 cm” in 1984 at basal application of nitrogen,
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4.1.4 Leaf: stem ratio

-

4.1.4.1 Effect of nitrogen carriers
Initfélly Mentha arvensig L. had higher leaf to

stem ratio. It narrowed with the advancement in crop age

(Table 11).

In 1983, at 60, 75 and 90 days after planting,
use of NCU, USG and LCU resulted into significantly greater
leafs stem ratio thanrtpose recorded with PU, At 105 days,
the difference betwaen.kcu and PU was not s;gnificant. At
the final stage of first harvest (120 days after planting),
Ncu, UsG and LCU caused significant increase leaf: stem
ratio than those due to PU, .Howaver: the difference between
USG and LCU was not significant, In 1984, at 75, 105 and
120 days after planting, differences due to the applications
of NCU, USG and LCU did not differ significantly among

themselves,

In regenerat?d crop, NCU sgignificantly increased
leafs stem ratio over other N-carriers. 1In 1983, at 55 days
after first harvest: NCU and UsSG did not cause significant
differences among themselves, but had significa ntly greater
leaf: stem ratio than LCU and PU, At 75 days after first
harvest, NCU, USG and LCU significantly increased leaf: stem
ratio over those recorded with PU, The differences between

USG and NCU and between NE€U and LCU were, however, not
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significgn%. But LCU produced wider leaf: stem ratio than
USG. In 1984, 55 days after fiwrst harvest, USG and NCU
caused signific%ntly wider ratio than those recorded with
LCU and PU, However, the differences between LCU and PU
and between USG and NCU were not significant. At 75 days
after first harvgst, USG and NCU produced significantly
higher ratio than those recorded with other N-carriers,

The effect of LCU did not differ significantly with USG.

4.1.4.2 Effect of nitrogen levels

Application of nitrogen at 60 and 120 ky/ha
increased the leaf: stem ratio significantly when compared
with control. The ratio of leaf to stem at 120 iy N/ha was

significantly greater than those recorded at 60 )X N/ha.

In regenerated crop, the ratio also differed
significantly at 60 and 120 kg N/ha, however, at 120 g N/ha
the ratio was higher than those at 60 kg N/ha. At 55 and 75
days of regenerated grqwth, »eaf: stem ratio in control
treatment was significantly lower than those recbrded at
60 and 120 kg N/ha. .

4.1.4.3 Time of nitrogen appliéation

Full basal application of nitrogen gave
significantly higher ratio than two and three split

applications at all the growth stages upto 120 days after



Table 12. 'Leaf: stem ratio during first harvest of
Mentha arvensis L, as “‘nfluenced by the interaction
of N—-c:frriers, theélr rates and time of application

Treatments PU usG LCU NCU
: . 1983
60 k N/ha
T, 0.99 1.00 1.06 1.00
T, 0.92 0.99 0.95 0.98
Ty 0.87, 0.95 0.88 1.00
120 1y N/ha
1 0.98 0.99 1.00 1.00
T, 0.91 . 0.96 0.95 0.99
Ty 0.86 0.89. ° 0.87 1.02
c D 5% | 0.09
1984
60 i N/ha
T, 0.96 ° 1.13 1.00 1.00
T, 0.91. " 1.04 0.93 0.99
T, 0.86 0.99 0.91 % *  0.97
120 ¢y N/ha
T, 0.98 1.10 0.97 _ 1.00
T, 0.87 1.00 0.98 0.98
T, 0.79 0.91 0.80 1.03

C D 5% ¢ 0.09
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Table 13. *leafe stem ratio during second harvest of
. Mentha arvensis L. as influenced by the -

Interaction of N-carriers, their rates and

time of application’ '

' !

Treatments PU UsG LCU NCU
. 1983
60 i N/ha .
T, 0.92 0.98 0.95 1.03
T, 0.98 1.03 1.00 1.03
T, 0.99 1.08 1.07 1.07
120 & N/ha h
T,. . 0.88 0.92  0.90 0.99
T, 0.98 0.99 0.99 - 1.03
T3 0.98 hd 1.00 IOOQ 1.00
C D 5% . 0.09
1984
60 iy N/ha
T, 0.92 0.95 0.92 0.98
T, 0.96 0.99 0.94 1.00
T, g.o8 ° 1.00 0.96 1.04
120 iy N/ha i t
T, 0.80 0.93 0.85 0.98
T, 0.87 . 0.98 0.93 1.00
T, 0.97 0.99 0.95 1.00
C D 5% 0.09
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Planting eicept'at 105 days in 1983 where differences of full

basal and three split applications were not significant.
The difference Between two and three split application was

also not significant.

In regenerated crop, the above tfend reversed,
éwo split applications of nitrogen increased the ratio
significantly over basal and three split applications. In
1984, however, the difference between two and three split

applications was not significant,

4.1.4.4. Effect of interaction amongst Necarriers, their
rates and time of nitrogen application

.

Interaction of N-carriers x N-rates x time of
nitrogen application was significaﬁt at all the growth stages.
The interaction at final stages at first and second harvests
have been presented in table 12 and 13. The use of nitrogen
through any carrier and at all the rates, at the time of
planting produced maximum leaf: stem ratio of first harvest.
At second harvest maxigum ratio was observed due to two

L J .

split applications either of 60 or 120 iy N/ha.

4.1.5 Dry matter accumulation pattern

4.1.5.1 Effect of nitrogen carriers

In general; dry matter accumulation was very slow
till 60 days. Thereafter, dry matter accumulation increased

at a faster rate and attained peak at 120 days after
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planting.. in rebenerated drowth, dry matter accumulation
continued to increase upto 75 days when the final harvest
was taken (Table: 14 and Fig. 10). At 60 and 75 days after
planting, NCU, USG and LCU caused production of significantly
higher dry matter than PU., However, in 1983, the dry matter
accumulation on 2Qth day through LCU and PU 4id not differ
significantly. The differences, between NCU and USG at 90
and 105 days after planting were also not significant. 1In
1984, the differences due to NCU and USG was not significant.
at 120 days after planting but both showed significantly
higher dry matter accumulation than LCU and PU, At this
stage, *NCU produced 36% and 23% higher dry matter than PU,
in 1983 and 1984, respectively. The per cent increases in
dry matter due to USG over PU was 32%-and 22% in 1983 and
1984, respectively., Similarly, LCU produced 24% and 8%
higher dry matter in 1983 and 1984, respectively over PU,
At the final stage of second harvest NCU, USG and LCU caused
production of dry matter §ignificantly more than PU, However,
the differences amongst‘NCU, ¥YSG and ICU were not significant

during 1983, while in 1984, these differences were significant.
4.1.5.2 Effect of nitrogen levels

All the levels of nitrogen increased the dry
matter accumulation significantly over control during both

the years. The differences in dry matter accumulation at
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60 and 12?1@ N/fla were als® significant. At 120 days after

planting application of 120 kg N/ha resulted in about 76%

more ‘of dry matter accumulation than in control. The per

cent increase i; dry matter accumulation due to 60 kg N/ha

over control was nearly 53%. Nitrogen application at 120 xw/ha

caused 20% 1ncrea§e in dry matter accumulation over 60 k N/ha.
In regenerated crop also nitrogen levels caused

significant variation in dry matter accumulation. At the

final stage of second P?rvest, application of 120 ¥y N/ha

on an average caused production of 82% higher dry matter

than centrol. The magnitude of increase in dry matter

yield due to 60 ki N/ha over qpntrol was 71%. On an average

of both the years of experiments nﬂtragen doses at 60 and

120 k/ha caused 7% difference in dry matter accumulation.
4.5.1.3 Effect of time of nitrogen application

Full basal application of nitrogen produced
significantly higher drw matéér accum&lation than two or
three split applications at all the growth stage; uéto 120
days after planting., The difference between two and three
splits was also significant. At final stage of harvest,
the per cent increase in dry matter with basal application
of nitrogen was 13 and 22 over three and two split,respectively

in 1983; in 1984, the respective values were 1.7% and 15.2%.
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In second harvest (75 days®after first harvest), two split
applications produced significantly higher dry matter than

basal and three split applications of nitrogen.

4.5.1.4 Interaction amongst N-carriers, theilr rates o
and time of nitrogen application

Interaction of Necartriers x nitrogen levels x
time of nitrogen application affected the dry matter
accumulation significantly at all the growth stages. However,
the interaction effect .at the final stages of first (120
days after planting) and second (75 days after first harvest)
harvesés are pre;ented in table 15 and 16. Application of
whole quantity of 120 K N/ha at the t%me of planting through
USG and NCU caused production of siénificantly more dry
matter in 1983 than split applications. However, the dry
matter production due to 60 and 120 g N/ha through USG,

LCU and NCU at the time of planting and 120 kg N/ha through
NCU and USG in two or three gplits was also at par. In
1984, applications of U§G and LCU at the rate of 120 kg N/ha,
whole at the time of planting resulted into maxiéhm.dry
matter production. However, basal application of 60 ¥ N/ha
through USG, LCU and NCU and 120 & N/ha through NCU, .three
split applications of 60 k N/ha through USG and NCU and of
120 iy N/ha through NCU were all at par. In 1983, basal
application of NCU, USG and LCU proved better or as good as

split application at both the levels of nitrogen application.
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Table 15. bry nfatter yield (q/ha) during first harvest of
*» Mentha arvensis L. as influenced by the
interaction of Necarriers, their rates and time
of application

Treatments PU usG LCU NCU
. 1983
»
60 kg N/ha *
Tl 20,0 37.2 38.1 37.0
T2 27.0 27.1 27.6 32.8
T3 27.2 21.5 27,9 32.3
120 i N/ha
Tl » ¢ 27.6 4301 40.7 4101
Tz 31.8 41,2 29.3 35,9
T,y 32.1 *37.2 . 31.5 34,7
C D 5% ) 8.46
1984
60 kg N/ha
Tl 23.0 31.9 29,0 32.2
‘I‘2 27.4 . 33.7 . 21.7 30,7
T3 24.8% 26.8 22.0 27.9
120 ¥ N/ha .
Tl 24,2 33.8 33.8 34.6
Tz 28,2 32.5 31.1 . .33.1
T3 25.9 27.9 26,7 29,3
CD 5 5.15




Table 16,

Dry matter yield (q/ﬁa) during second harvest
of Mentha arvensis L. as influenced by the

intex¥action of Necarriers, their rates and time of

application
Treatments PU USG LCU NCU
| ]
1984

60 iy N/ha

T, 18.4; 26.8 25,5 32.6

T, 25.8 31.1 28,2 30.4

T, 31.1 33.5 31.9 34.1
120 g N/ha )

T, 20,2 26.9 25.8 27.3

T, 26.1 3322 30,3 31.7

T, 31.0 34.4 32,3 35.3
C D 5% 3.40
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On the other hand when nigrogen was applied in PU form,
split applications proved superior to basal application.
NCU,, USG and LCU caused better dry matter production in

the first harve'st than nitrogen was applied as PU.

. The effect of interaction in regenerated crop,
was not signific;nt in 1983, while in 1984, it was
significant where basal applic;tion of 60 and 120 ¥ N/ha
; through PU produced significantly lower dry matter than
other treatment combinations. Basal application of
nitrogen through any éérrier at both the rates produced
less er matter,accumulation in regenerated growth than
through split applications of nitrogen. However, two
splits of 120 iy N/ha through.NCU resuwlted into highest dry
matter of regenerated crop (Table 16). The dry matter
production due to basal and split applications of 60 kg N/ha
through NCU in two and three splits through USG and only
two splits through LCU and in two and three splitting of
120 K nitrogen through USG, PCU and QFU were also at par.,
In the regenerated croﬁ, the herbage production‘}n.second
harvest through basal applications of USG, NCU and LCU was
as good as their split applications in 1983, 1In 1984 only
at high level of nitrogen applic;tion, split applications
of nitrogen in all the cases showed some advantages over

basal application, more particularly when nitrogen was

applied as PU,
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4,2 . Growth analysis
4.2.1 Leaf area index *

4,2.1.1 Effect of nitrogen carriers

In general, LAI increased at a slow rate in
early stages of crop growth during both the years (Table 17,
Fig. 11). The LAI develdped with a faster rate as the
crop age advanced and attained.the peak at 120 days after
planting. 1In regenerated crop, the peak, however, was
attained at 75 days after first harvest. Applications of
nitrogen through NCU,‘JSG and LCU resulted into significantly
higher LAI in comparison to the application of PU at all
the growth stages duringbboth the years except at 60 days
after planting in 1984, wheré applications of LCU and PU
did not cause significant differences., In 1983 applications
of both NCU and USG increased the LAI over LCU and PU from
60 to 120 days after planting. chever, at 120 days the
difference Dbetween LCU and USG was not significant but
the differences between NCU and LCU were significant. 1In
1984 at 60 and 90 days, the difference in the effeqts of
USG and LCU was not significant., The effect of USG also
did not differ significantly from NCU at 75 and 90 days
after planting. At 105 and 120 days, the LAI dbtainéd.due
to the application of LCU and USG differed significantly.

The difference due to the effects of USG and NCU was

significant,
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. 'In r.egenerated *crop, application of nitrogen
through USG, NCU and LCU caused significant increase in
LAI in comparisén to PU, The application of nitrogen
through PU and LCU produced significantly lower-LAI than

NCU and USG,

4.2,1.2 Effect of nitrogen levels

Nitrogen application at the rates of 60 and
120 g/ha increased the LAI significantly in plantvas well
as in regenerated crop. The LAI obtained through 120 g
N/ha was also significantly higher than that obtained at

the control treatment and at 60 i N/ha.

4.2.1.3 Effect of time of nitrogen application

Full basal application of nitrogen gave
significantly higher LAI than applications in two and
three gplits at all the growth stages. In split application,
three splits proved conducive for plapt crop and two splits

»
were beneficial for regenerated crope. o o

-

4,2.1.4 Effect of interaction amongst Necarriers, their
rates and time of nitrogen application

The interaction of N~carriers x Nerates x time
of nitrogen applicatfon influenced the LAI significantly

at all the growth stages. However, the effect of



¢ L
Table 18, Leaf area index 8uring first harvest of
Mentha arvensis L. as influenced by the

interaction of Ne~carriers, their rates and time

. of application
Treatments PU UsG LCU NCU
: 1983
60 i N/ha
Tl 3.13 5.89 4.95 6.47
T2 3.60 4.52 4.31 5.14
Ty 3.54, 3.54 3.23 3.94
120 ¢ N/ha
T, T 3.7 6.11 5,66 7.21
Tz 4.31 4.75 5.17 5.46
T, 3.67 3.58 3.73 4.21
C D 5% 1.07
1984
60 k N/ha
T1 2.45 4.20 3.39 4.49
T, 2.45 * 3.26 2.67 3.71
TB 2.41 2.49 2.20 3.19
120 iy N/ha )
Tl 2.46 4.67 3,74 5.69
T, 3.05 3.62 3.06 3.92
T2 2.51 2.80 2.42 3.13
C D 5% L4 0.62




Table 19. ,Leaf area index during second haryest of
Mentha arvensis L. as influenced by the

interaction of Necarrfers, their rates and time

. of application
Treatments PU UsG LCU NCU
' 1983
60 kg N/ha
T, 2.89 3.84 3.34 4.11
T, 3.28 4,56 4,17 4,79
T, 4.14. 5.74 4.88 5.72
120 ¢ N/ha
T, * 3.44 4,24 3.76 4.44
T, 4.22 5.18 4.64 6.06
T, 5.22 6.65, ° 5.25 7.39
C D 5% 0.78
1984
60 i N/ha
Ty 2,02 3.04 2.76 3.51
T, 2.27, ‘* 3.85 ° 3.37 4.21
T, 2.76 4,54 4,06 4,76
120 i N/ha
T, 2.37 3.39 3.14 3.76
T, 2,97 4.21 3.87 4.67
T, 3,62 5.41 4,50 5.87
C D 5% . 0.78
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i .
interaction'at final stageeof plant crop (120 days after
planting).and regenerated crop (75 days after first harvest)
have been presented in table 18. Application of the extra
amount of 120 i h/ha through NCU gave significantly higher
LAI followed by the same dose through USG. Two split
applications of 120 ¥y N/ha supplied through NCU, USG and
LCU decreased the LAI significaptly as compared to their

basal and three split applications.

PU when applied in three splits increased the

LAI as compared to its application in two splits and basal.

In regenerated crop, two split applications of
120 Kk N/ha through U3G and NCU produced significantly higher
LAI as compared to other treatment combinations during both

the years (Table 19).

4,2.2 Crop growth rate

4.2.2.1 Effect of nitrogen carriers

The mean crop growth rate (CGR) in dififerent
growth intervals is presented in table 20 (a and b) and
Fig. 12. The crop growth rate was low initially but
increased with the advancement in crop age and reached

maximum in about 106 to 120 days. The period preceeding to

this maximum growth rate i.e. 91 to 105 days, however,
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experiencdd thé slackness, in crop growth during both

.

the years.

In »983, nitrogen application through NCU
resulted into higher CGR in comparison to other N-carriers
between 61 and 75 days. Thereafter USG superseded rest
;ther carriers. = But again between 91 and 105 days growth
period NCU took the lead. Finfally, LCU proved superior to
others, although the differences with USG and NCU were
very marginal. In regenerated growth PU caused better
growth than all other® tarriers. In 1984, between 61 and
75 days the Ncq caused 0.30 g/day/ha growth rate and it
excel&ed all other carriers. But between 76 and 90 days
growth period, USG superseddd by enhgncing the growth
rate to 0.65 g/day/ha between 91 ;nd 105 days growth
period, NCU increased the crop growth rate to 0.59 g/day/ha
which was higher than other carriers. Finally USG increased
the crop growth rate to 0.80 g/day/ha which was better than
all other N-carriers.

. L]
.

4.2.2.2 Effect of nitrogen levels o« o

L

Increasing doses of nitrogen increased the CGR
at all the growth stages during both the years. Highest
CGR of 0.98 g/day/ha in 1983 and 0.71 g/day/ha in 1984
were recorded between 106 and 120 days growth period through
the application of 120 x N/ha. The control had lowest the

CGR of 0.75 g/day/ha in 1983.and 0.40 g/day/ha in 1984,

”~
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4.2,2.3 E£ffeot of time of nitrogen application

. Full basal anplication of nitrogen enhanced the
growth rate in ébmparison to three and two split applications
upto 105 days after planting. Thereafter two split
applications took the lead and maintained the same in

regenerated growth. In 1984, the trend of variation observed
remained to be the same except that during last stages of
plant and in regenerated crop. Three splits caused better

growth than two splits of Neapplication.

4.2.3 Relat}ve growth rate

.

4.2,.3.1 Effect of nitrogen carriers

The mean relative growth rates (RGR) were high in
initial growth stage. It decreased with the advancement in
crop age. Minimum RGR was recorded in the period between
91 and 105 days (Table 21 (a and b) and Fig. 13). In the
period between 106 and 120 déys, RGR improved slightly
during both the years. * In 1983, initially between 561 and
75 days), NCU caused higher RGR (0.149 g/q of dry weight/
day) than others. It decreased to 0.026 g/q of dry weight/
day between 91 and 105 days. Finally between 106 and 120
days stage, low RGR was recorded with NCU followed by USG

among all the N—carriérs. In 1984, USG caused higher RGR
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(0.135 g/q bf dr'y weight/day) between the period 61 and

75 days followed by those causeq by NCU. At the stage
between 106 and 120 days NCU and LCU had low RGR. PU

eihibited maximum RGR during both the years.

4,2.3.2 Effect of nitrogen levels

Nitrogen application improved the RGR of Mentha
arvensis L. However, difference due to the application of
both the nitrogen doses was very low. The dose of 60 iy N/ha
showed better results ip initial stages of 1983, while in
1984 both the doses remained at par throughout the crop

season,
4,.2.3.3 Effect of time of nitrogen -application

Time of nitrogen application 4id not influence
the RGR in a definite pattern except that RGR at full basal
application of nitrogen remained low than those recorded

under split application.

4.3 Productivity o« o
4.3.1 Fresh herﬂage yield
4.3.1.1 Effect of nitrogen carriers

(a) First harvest (Planted crop)
Application of nitrogen through NCU, USG and LCU
caused significantly higher herbage yleld as compared to PU.

“
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Among the fprmer, three N-cfréiers. LCU caused significantly
lower herBage yield than NCU and USG, The effects of NCU
and USG on the productivity of Aerbaga. however, did not
dfffer significahtly among themselves (Table 22 and Fig.14).
- NCU, USG and LCU caused 34%, 29% and 22% higher herbage
pgoduétion than PU in 1983, respectively. All the carriers
influenced the he;bage yield almost in the similar fashion
during 1984 except that the maéhitude of differences in
herbage yield due to various N-carriers changed slightly.
NCU, USG and LCU caused 25%, 17% andle% higher herbage

production than PU, reééectively.

(b) Second harvest (Regenerated crop)

-
L 4

In regenerated crop, all the slow release nitrogen
fertilizers increased herbage productivity over PU, The
increase in yield due to NCU in second harvest was 13% more
than PU, USG and LCU produced 12% and 7% higher yield,
respectively than PU. Among various slow release nitrogen
fertilizers, the differences of NCU and USG were not
significant in 1983, _But in 1984, NCU proved sidhificantly.

superior to USG; the difference was, however, of only 3%.

(c) Total herbage yield

When the combined yileld of first and second
harvests was compared, slow release fertilizers showed their

significant superiority over PU., NCU irmproved herbage
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production®*with® 23% over RU. USG and LCU improved the
herbage éroduction by 19% and 14%, respectively over PU in
19835, in 1984 the corresponding values were 24, 18 and 9%.
NCU increased hérbage yields over USG to the extent of 3%
and ?% in 1983 and 1984, respectively. On the other hand
BCU had an edge over LCU to the tune of 8 and 14% exer.
LG8 in 1983 and 1984 seasons. .USG caused increase in
herbage yield over LCU to the extent of 4 and 8% in 1983

and 1984, respectively.

4,3.1.2 Effect of nitrogen levels

(a) rirst harvest (Planted crop)

Nitrogen applicatdon increased the herbage yield
significantly over control: Application of 120 i§ N/ha almost
doubled the production as compared to control. Nitrogen
application at the rate of 60 ky/ha enhanced the herbage
production by 75% over control. The difference between
60 and 120 1y N/ha was also significant. Nitrogen application
at the rate of 120 kg N/ha on an average produced nearly

17% (22% in 1983 and 13% in 1984) higher yield Jdver 60 i N/ha.

(b) Second harvest (Regenerated crop)

-

The herbage yield of regenerated crop increased
significantly due to’ increase in nitrogen doses:. Application

of 120 iy N/ha produced 108 and 90% higher herbage yield
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in 1983 and 1984, respectively over control. Magnitude of
increase in herbage yield due tp 60 kg N/ha over control
was 94 and 80% in 1983 and 1984, respectively. The

difference between 120 and 60 kg N/ha was on an average of

7% ( 8 and 6% in 1983 and 1984, respectively).

.

(¢) T8tal herbage yield

The total yield of both the harvests was
significantly higher at 120 ¥ N/ha as compared to control
and 60 kg N/ha. Nitrogep application at the rate of 60 ky/ha
8lso produced significantly higher herbage yield than that
of comtrol, The difference between 60 and 120 ik N/ha was
also significant. The per cent increase in herbage
production due to 120 k N/ha over canérol was 109 and 94 in
1983 and 1984, respectively. Application of 60 i N/ha
caused into 82 and 79% increase in productivity in 1983 and

1984, respectively over control.

4.3.1.3 Effect of time of nitrogen application
. .

(a) First harvest (Planted crop)

‘e .

Basal application of nitrogen increased the
herbage yleld significantly over two and three split.
applications. Among split applications, three splits were
better than two splits. The per cent increase in herbage
yield due to basal application was 16 over three and 29 over
two splits in 1983, 1In 1954,.the magnitude of increase
dropped to 4.2% due to three and 24% due to two split

*
applications over basal,
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jb) Second harvest (Regenerated crop)

In regenerated growth, two split applications
pgovéd significantly superior to basal and three split
applications. The per cent increase in herbage yield due
to two and three splits were 26 and 10 over basal application
in 1983, in 1984 #this corresponding increases upto 40 and

13%, respectively. .
(¢) Total herbage yield

The time of nitrogen application did not influence
the total herbage production significantly in 1983. However,
in 1984, split applications proved significantly superior to

basal application in increasing herbage yilelds,

4.3.1.4 Interaction amongst Necarriers, their rates and
time of nitrogen application

(a) First harvest (Planted crop)

Basal application of nitrogen at the rate of 120 ig
N/ha through USG prodqud highest herkage during first
harvest (Table 23). However, yields recorded due tb basal =«
application of NCU aﬁa LCU and three split application of
USG were also at par. Lowest yield was obtained at 60 kg
N/ha applied at the time of planting as PU. During 1984,
the highest yield wag obtained by basal application of
120 ¥y N/ha through NCU, The yields obtained through basal

application of 120 K N/ha “through USG and LCU, three split
]



[ ]

Table 23, Herbage yield (g/ha) during first harvest of
Mentha arvensis L. as {nfluenced by the
interaction of N~carriers, their rates and

* time of application
Treagments PU UsG LCU NCU
’ 1983
60 ky N/ha
T1 77 .4 144.2 152.9 145.3
T2 105.9 103.7 103.9 124.4
T3 85,2 ° 78.5 99,2 118.2
120 i N/ha
T1 107.5 170.4 162.9 170.3
T3 110.5 138,7° 116.1 128,7
C D 5% 31.3
1984
60 k N/ha
Tl 86.0 .124,.0 112.8 129,.8
T2 106.6 ° 114.0 84.9 114.8
Ty 92.4 93.2 86,2 95.1
120 iy N/ha
T1 93.1 130.0 129.6 144.1
T2 110.4 122.6 122,.6 135.2
TB 95,9 99,4 96.8 110 .4
C D 5% ) 22.2
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application oquSG, LCU amd NCU and the basal application
of 60 k N/ha through USG and NGU were significantly superior
to rest of the treatment combinations.

. .

(h) Second harvest (Regenerated crop)

-

In 1533, the interaction was not significant,
while in 1984 it turned out té'be significant for which the
data are presented in table 24. Highest herbage yield was
obtained by two split applications of 60 ¥ N/ha through NCU,
Two split applications of NCU and USG at 120 k N/ha also
produ?ed significantly higher yield than remaining treatment

combinations.

(¢) Total herbage yield

Highest total herbage yleld was observed at
three splits of 120 ¥ N/ha through USG (Table 25). The
yields obtained by basal application of 120 k N/ha through
UsG, LCU, NCU and tﬁo split.ﬁpplicat%Pns of same dose
through USG and NCU wete statistically at par...Significantly
lowest yield was obtained at 60 kg N/ha through PU applied
as basal, as compared to other treatment combinations in
1983, During 1984, the statistical significance remained
the same but 120 ki N/ha through NCU surpassed the production
than other treatment;. It is interesting to note that in

case of USG, NCU and LCU basal application of fertilizer at
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Table 24. Herbage yield (g/ha) during second harvest of

Menthg arvensis L. as influenced by the

. interaction of Necarriers, their rates and

time of application

[ ] L)

. Treatments v PU usG LCU RCU
o84
, 60 4 N/ha
Tz 95,9 110.8 100.5 112.0
T3 111.0 122.0 112.4 129.5
120 kg N/ha
Tl 74.9 95,2 89,2 99.3
T, 98.6 117.2° 110.1 117.2
T3 115.4 130.0 119.3 136.8
C D 5% 12.26
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Table 25. Total herbage yield (q/ha) of Mentha arvensis L.

‘as influenced by the interaction of N~-carriers,
their rates and time of application

.

Treatments = USG LCU NCU
. 1983
60 kg Wha. .
T, 181 259 271 267
. T, 237 237 240 276
T, 231 231 249 275
120 iy N/ha )
T, 218 314 288 304
T, 261 316 - 261 285
T, 266 .303 273 296
C D 5% 39,6
1984
60 ¥ N/ha
T, 153 216 199 225
T, 201 225 185 227
T, 203 " 215 199 225
120 1y ¥/ha -
T, 168 225 219 243
T, 209 240 233 252
. Ty 211 229 216 247
C D 5% 14.7
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both the ,levels produced as much as herbage which was
obtained through the split applications except in the case
of U;G in 1984,, On the other hand split application of
nitrogen as FU always produced significantly more herbage

than stheir basal application at both the levels.

L 4

¢

4.3.2 . 011 production

4.3.2.1 01l coneentration at different growth stages

4.3.2.1.1 Effect of nitrogen carriers

In general.'bil content in the plants of Mentha
arvensis L. increased with the advancement in crop age
(Table 26) and the highest oil concentration was observed
at 120 days after planting ahd 75 days after first harvest.
The o0il concentration in the plants at the time of final
harvest of regenerated crop was higher than the final

harvest of planted crop.

On an average, the oil concentration increased
from 0.31% in 1983 and.0.41% in 1984 at 60 days after
planting to about 0.6% in 1983 and 0.63% in 1984 at 120
days after planting. Nitrogen reduced oil content in
herbage. Amongst different Necarriers the lowest oil . .
content (0.59%) in the crop fertilized with PU followed by
LCU (0.60%), USG and"NCU (0.61%). In the regenerated crop
similar trend of variations was observed ; the regenerated

*

crop showed higher oil content than the planted crop.
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4,3.,2.1.2 eEffedt of nitrogen levels

In general, application of nitrogen reduced the

0il contentratiqn in Mentha arvensis L. The rate of decrease

in oil concentration was maximum from control to 60 ¥ N/ha.
At 129 kg N/ha although there was further reduction in the

0il concentratioff but the extent of reduction was lesser

than the those recorded betweeh 0 and 60 iy N/ha.

4,3.2.1.3 Effect of time of nitrogen application

Split applié%tions of nitrogen reduced the short

fall qﬁ 0il concentration in Mentha arvensis L. due to

nitrogen applications, in the planted crop. But in the

regenerated crop oil concentration was slightly more than

the crops growth with split applications of nitrogen.

4.,3.2.2 01l accumulation pattern
4,3.2.2.1 Effect of nitrogen carriers
In general, oil aecumulatien increased with the
.
advancement in crop age and reached to maximum at 120 days

after planting (Table 27). In regenerated crop, maximum

0il accumulation was recorded at 75 days after first harvest.

In 1983, 60 days after planting, plants
accumulated 2,24% of "the total oil when PU was used as N-

carrier. USG, NCU and LCU caused 2.77, 2.79 and 2.87% of
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total oil accumulation,resﬁéctively, at this stage. The
rate of accumulation remained low thereafter upto 75 days
irres;ectiva of N-carriers. At 90 days, after planting PU
caused 36.82% accumulation of total oil. USG, LCU and NCU
caused* 43,56, 36.24 and 46.12% accumulation of total oil,
r;spectively, at this stage, Up to 105 days, the crop
accumulated 56,22, 58.54, 55.03°and 62.,37% of total oil
production at first harvest due to the application of'nitrogcn
throﬁgh PU, UsSG, LCU and NCU, respectively. The trend of
variation remained almost the same in 1984,

In regenerated crop, PU caused 71.31% oil
accumulation upto 55 days aftér first harvest. At this
stage, USG and LCU caused nearly 69% accumulation of total
0il production of second harvest, NCU accumulated 73.18%

of oil at this stage.

4.3.2.2.2 Effect of nitrogen levels
. .

At 60 days after. planting, plants in control
plots accumulated more oil than in both the dose;.oé
nitrogen because plants in control plots accumulated 3,.81%
of total o1l of first harvest, while at 60 and 120 kg 'N/ha
only 2,77 and 2.65% accumulation of total oil, respectively
were recorded at this'stage. The superiority of control

over nitrogen fertilization vanished at 75 days after

planting. Plants getting 60 igs N/ha showed higher oil



. 118

.
accumulatiof thah at 120 k,Nha. This trend continued till
105 days.' The accumulation pattern of oil due to 60 iy N/ha
was 16,57, 42.0 and 60.36% of total at 75, 90 and 105 days
af%er planting, ;espectively. Application of 120 ¥ N/ha
causeq 16.10, 39.63 and 56.59% of total oil accumulation

at 75, 90 and 105.days after planting, respective., The

season of 1984, exhibited almos; similar trend of wvariation.

In regenerated crop, increases in the doses of
nitrogen increased oil Qccumulation. In control plot 58.69%
o0il out of total oil (recorded a£ 75 days after planting)
accumulated at 55 days. The accumulation percentage increased
to 67.43 at 60 K N/ha and 73.82 at 120 kg N/ha.

4.3.2.2.,3 BEffect of time of nitrogen application

In the planted crop basal application of nitrogen
caused 2.98, 18.47, 43.5 and 61.98% accumulation of total
oil at 60, 75, 90 and 105 days, respectively in 1983. 1In
1984, the o0il accumulatédon p;;tern ch;;ged to 4.87, 16.78
63.6 and 78.2% of total oil at 60, 75, 90 and 10; d;ys,
respectively., Three split applications resulted to the
accumulation of 3.05, 17.85, 42,37 and 59.54% of oil' in-1983
at 60, 75, 90 and 105 days, respectively. 1In 1984, three
splits helped to accumulate 4.42, 15.65, 43.49 and 65.65%
of total oil at 60, 75, 90 and 105 days, respectively.
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The accumuldtion of oil by,two splits was 1.97, 11.97,
36.66 and 52.31% of the total in 1983 and 3.49, 14.42,
46.20" and 68.48% in 1984 at 60, 75, 90 and 105 days,

respectively.

.  In regenerated crop, the oil accumulation by
basal applicatioa'was 63.13% in 1983 and 51.73% in 1984 at
55 days after first harvest, wglle three splits helped to
accumulate 73.93% ©5il in 1983 and 55.57% in 1984 at this
stage. Two splits caused 74.06% accumulation of total oil

in 1983 and 61.77% in 1984, at this stage.

4.3.2.3 0il yield
4.3.2.3.1 Effect of nitrogei carriers

(a) First harvest (Planted crop)

During 1983 crop season NCU, USG and LCU produced
significantly higher oil than PU. However, the differences
in oil yield due to the appl{cations of NCU and USG were
not significant. But the effects of g;th the N~car¥iers
in augmenting oil yield was superior to LCU (TaQ;e 28 and
Fig. 15). 1In 1984, NCU produced significantly higher oil
than other Necarriers. The production of oil through the
application of USG, LCU and PU was in descending order.

NCU produced 20 and 35% higher oil yield in 1983 and 1984,

respectively than PU, USG, caused 35 and 14% higher oil,
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respectivedy tha&n PU. 1In oil production LCU excelled PU

by 24 and 8% in 1983 and in 1984, respectively.

-

. (b) * Ssecond harvest (Regenerated crop)

. The o1l production of regenerated crop in 1983
was significantly higher than nitrogen was applied through
NCU, USG and LCU as compared t¢o those obtained through the
application of PU., The treatment difference between NCU
and USG did’not differ significantly, but oil production
through NCU was more than that was recorded through USG.
In 1984 difference was significant. NCU caused nearly 33%
incredse in oil'yield of regenerated crop over PU., The
increase in oil yield of secpnd harvest through USG over
PU was 33 and 27% in 1983 and in 1984, respectively.
Similarly LCU improved oil production by 19 and 15% in 1983

and in 1984 over PU,

(¢) Total oil yield

NCU, USG apd LCU.caused significantly higher
total oil yield than PU during 1983. The diffe;;nc;
between NCU and LCU, however, were not significant, But
in 1984, these differences remained significant. Total.
oil production increased by 36 and 26% in 1983 and in 1984
due to the applicatidn of nitrogen through NCU over PU,
USG excelled PU by 34 and 21% in 1983 and in 1984,respectively,
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LCU improved oil productiqn over PU by 21 and 11% in 1983

and in 1984,respectively. .

4,3.2.3.2 Effegt of nitrogen levels

(a) First harvest (Planted crop)

. Application of nitrogen at both the rates

(i.e. 60 and 120 iy N/ha) increased the oil yield
signifieQntly over control. Nitrogen at the rate of 120 g/ha
increased the oil yield significantly over 60 k N/ha. The
benefits of 120 i N/ha over control in terms of oil yield
were 94 and 91% in 1983 and in i984, respectively. At

60 iy N/ha the oil production increased by 60 and 72% in

1983 and in 1984, respectively over control. The

difference in oil yield batwaeen 60° and 120 Kk N/ha were 21
and 11% in 1983 and 1984, respectively.

(b) second harvest (Regenerated crop)

In regenerated crop, the differences in oil
yield due to the appligation.of 0, 60" and 120 k N/ha were
significant except that in 1983, difference between 60 and
120 iy N/ha was not significant, However, in this season too
maximum oil yield was obtained at 120 ¥ N/ha. .

(c) Total oil yield

Application of 120 iy N/ha produced significantly
higher oil as compared to thoge recorded in control treatment
and at 60 kg N/ha. Application of 60 ki N/ha also exhibited
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significant improvement ip oil yield over control treatment,
The per éent increase in oil due to 120 Kk N/ha over control
was 90 and 84 in 1983 and in 1984, respectively. Application
éf 60 ¥ N/ha in;reased the o0il yield by 69 and 70% in 1983
and {p 1984, respectively over control., The improvements

in oil yield due to the application of 120 i N/ha over

60 kg N/ha were 13 and 8% in 1983 and in 1984, respectively.

4,3.2,3.3 Time of nitrogen application

(a) First harvest (Planted crop)

Full basal application of nitrogen caused
significantly higher oil yield than application of nitrogen
in three and two splits., However, the difference in oil
production due to basal and applié;tion of nitrogen in
three splits was not significant in 1984. Basal application
increased the yield by 25 and 14% over two and three splits,
respectively in 1983, in 1984, the corresponding figures
were 21 and 3% .

(b) Second harvest (Regenerated cropl -

In regenerated crop, two split applications of
nitrogen caused significantly more oil yield over basal and
three split applications of nitrogen. However, the
difference between tWwo and three split applications in 1983
was not significant., Application of nitrogen in two splits,

however, produced maximum oil, yield.
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(c) Total oil yfeld

In 1983, the differepces in oil yield due to
basal, two and three split applications were not significant.
Bﬁt in 1984, apglication of nitrogen in three splits
significantly increased 0il yield over basal and two split
applications.
4.3.2.3.4 Effect of interactidn amongst N-carriers, their

rates and time of nitrogen application

(a) First harvest (Planted crop)

The interactlon of N~carriers x Nerates x time
of nitrogen application has been.summarizad in Table 29,
Basal ;pplication of 60 and 120 i N/ha through USG, NCU and
LCU, three split application’of 120 kg N/ha through NCU and
USG and two split application of U;G produced significantly
higher oil yield than other treatment combinations in 1983.
In 1984, the basal application of 60 ¥ N/ha through NCU and
USG, basal application of 120 ¥k N/ha through NCU, USG, LCU
and three split applications.of these Ne~carriers resulted

into significantly higher yield than other treatment

“ L ]
combinations,

(b) second harvest (Regenerated crop)

During 1983 crop. season, the interaction effect
was not significant ¢Table 30). But in 1984, significantly
higher o0il yield was obtained by split applications of 120 i

N/ha through NCU and USG in tpo and three splits. Application



Table 29. Oid yi¢ld (kg/ha) during first harvest of
Mentha arvensis L% as influenced by the

interaction of N—carri?rs, their rates and time

of applicaticn

Treatments PU - use LCU NCU
. . 1983
60 kg N/ha °
T, 46.3 87.5 89,2 87.2
. T, 62.1 63.6 64.3 76,7
T, 50.2 49,4 61.2 74.1
120 g N/ha
T, . ° 64.8 101.1 94.5 100.5
T, 72.9 96.2 67.5 84.1
Ty 6542 *86.9 70.5 79,4
C D 5% 18,47
1984
60 ¥k N/ha
T, 56.1 77.7 71.7 78.7
T, 67.8 © 72,2 54,6 72.8
Ty 59.7 * 50,7 55.2 59,6
120 k N/ha .
T 60.2 80.1 80.4 86.0
T, 69.9 78.0 77.2 84,7
T, 61.1 62.6 61.3 63,2
C D 5% 13,06




Table 30. 0il yield (x/ha) during second harvest of
’ Mentha arvensis L. as influenced by the
. interaation of Necarriers, their rates and
time of application

Treatments . PU UusG LCU NCU
1984
60 kg N/ha
T, 46.9 69.0 61.7 70.9
T, 62.3 73;; 71.0 81.8
T, S 72.1 85.5 79.0 91.9
120 iy N/ha
T, 52.4 *70.5 62.5 . 75.1
T, 69.0 84.4 76.7 86.7
Ty 75.0 91.0 82.3 92.5

C D 5% 8.73
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of 60 i« N{ﬁé through NCU and USG only, two splits increased

0il yield as compared to other treatment combinations.

-

(c) Total oil yield

. In 1983, application of nitrogen at 120 iy N/ha
as basal in two or three splits through NCU and USG produced
significantly higher oil than other treatment combinations
(Table 31). Two and three splits of 60 g N/ha through NCU
also produced significantly higher oil yield than rest of
the treatments. 1In 1984, three splits of 120 kg N/ha through
NCU produced highest oil which was closely followed by USG
at the same rate. and method of application, application of
120 v N/ha in two splits through NCU was also at par.
Basal application of 60 and 120 g I\'I/ha through PU gave
significantly the lowsst oil.

An interesting thing to note was that basal
application of NCU, USG and LCU caused as much yield increase
as was observed througy.spliﬁ application; the difference
was, however, just thehreverse in case of PU, In 1984,
the trend of variation remained similar at 60 « N/ha, At
120 i N/ha, however, split application of NCU, USG and Lcu
showed significantly more oil production than the basal
application of fertillzers; this effect was similar to those

observed in cage of PU,



Table 31. Tetal oil yield (kg/ha) of Mentha arvensis L.
.as influenced by*the interaction of N-carriers,
their rates and time of application

Treatments PU useG LCU NCU
. 1983
60 kg N/ha
T, 109 174 169 177
T, 139 164 157 185
T, 138 156 161 184
120 k N/ha
T, 133 206 179 182
T, " 152 206 164 188
T, 158 200 173 199
C D 5% ’ 26,69
1984
60 kg N/ha
T, 103 147 133 150
T, 130 151 126 155
T, 132 * 145 134 152
120 iy N/ha Se
T 113 151 143 161
T, 139 166 154 171
T, 136 154 144 162
C D 5% 9.46
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4.4 0il qtality
4.4,1 .Menthol content

4.4,1:¢1 Effect of nitrogen carriers

. ]

In general, menthol the essential constituent in
the oil of Mentha arvensis L. increased with the advancement
15 crop age and rdached to its maximum at 120 days after
planting in plant crop and 75 days after first harvest in

regenerated crop (Table 32 and Fig., 16 3 and b) .

In 1983, at 6p days after planting, maximum menthol
was observed when nitrogen was applied to the crop through
NCU. At this stage lowest menthol was recorded in the
treatment where crop was fertllized with USG. Thereafter,
till harvesting of the plant crop, crop fertilized with USG
maintained maximum menthol in the essential oil. However,
at harvesting, LCU also had the similar menthol content at
all the stages, PU applied plants contained lowest menthol
in the oil. 1In 1984, at 75 days and onwards, application of
nitrogen through NCU prqducad'maximum menthol in the oil.
Fertilized plots with PU contained lowest menthol at all the

growth stages in 1984 too, except 60 days after planting.

During both the years, in regenerated crop, NCU
caused maximum menthol content in the oil. Fertilization
through PU caused lowest content of menthol in the regenerated

Crope.
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PERCENT MENTHOL MENTHONE AND MENTHVL ACETATE
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FiG 182 MENTHOL,MENTHONE AND MENTH¥L ACETATE CONTENT AT
DIFFERENT GROWTH STAGES AS INFLUENCED BY N-CARRIERS,
THEIR RATES AND TIME OF NITROGEN APPLICATION
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4.4.1.2 o+ Effdct of nitrpgen levels

Up to 60 days after planting, the unfertilized
qrog recorded the highest menthol content in oil. Menthol
content in oil decreased when the rate of N-fertilization
increased., At 75 days after planting, however, in the
;reatment receiving 120 i N/ha plants had the maximum content
of menthol in oil followed by ‘control. Thereafter, successive
increase in the dose of nitrogen increased the menthol
content in oil. At final harvesting of plant crop during
1984, oil content in plants due- to the application of two
doses of nitrogen (60 and 120 w.&/ha), however, did not

differ much,

.

In regenerated crop also, application of 120 K
N/ha resulted into maximum contents of menthol in its

essential oil.
4.4.1.3 Effect of time of nitrogen application

Though a definite®’ trend ofe* variation in menthol

content in essential oil of Mentha arvensis L. “was ‘not

observed due to time of nitrogen application, yet it can be
inferred from the data presented in table 32 that split

application had edge over basal upto 105 days after planting,



v 5
4.4.2 MenthQne content ° :13

4.4.2,1 .Effect of nitroden carriers

In gegeral, the menthone content decreased with
the advancement in crop age and reached the lowest at 120
days after planting in plant crop and 75 days after first
harvest in regenerated crop (Table 33 and Fig. 16 a and b),

In 1983, at 60 days after planting, plants
fertilized with NCU and LCU had lower menthone content than
USG and PU., However, at;75 days after planting, menthone
content decreased faster when niérogen was applied through
USG and LCU than ‘that plants fertilized with PU and NCU,

At 90 and 105 days after plaqying, plants fertilized with
NCU and LCU had lower menthone content than that duvue to PU
and USG. At 120 days fertilization with PU produced
essential oil with highest content, due to LCU plants
contained the lowest amount of menthone in oil. Similarly
in 1984, plants fertilized with PU recorded the maximum and
LCU minimum menthone in the essential o1l at the time of

harvesting plant crop. LT

4.4.2.2 Effect of nitrogen levels

In initial stages, nitrogen application incr;ased
the menthone content in oil as compared to control. At 75
days after planting and onwards, the differences in various
nitrogen doses with regards tq menthone content in oil

narrowed down.
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4.4.2.3 Bffect of time Qf nitrogen application

. Time of nitrogen application 4id not affect the

contents of menthone in essential oll appreciably.

4.4.3 , Menthyl acetate content

4.4.3.1 Effecteof nitrogen carriers

Menthyl acetate cont;nt of essential oil was less
initially and increased afterwards with the advancement in
crop age (Table 34 and Fig. 16 a and b)., With the
application of PU menth§i acetaté content increased from
2.77% at 60 days.after planting to 6.80% at 120 days during
1983, In 1984, the values changed from 2.51 to 5.33 .
Fertilization with USG almosé'doubxgd the menthyl acetate
content in the oil during 60 to 120 days. Application of
LCU increased the menthyl acetate of oil from 2.60 to 7.34%
in 1983 and 2.56 to 5.58% in 1984 from 60 to 120 days after
planting., The increases of menthyl acetate during this
period due to NCU were from 2,70 to 7.72% in 1983 and from

2.63 to 5.83% in 1984,

4.4.3.2 Effect of nitrogen levels
Unfertilized crop had maximum menthyl acetate
content in essential oil at 90 days and onwards. The

differences in menthyl acetate content between plants from

control and in the plants fertilized with 120 ¥ N/ha, however,
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were very m?rgiqal. Applica%ion of 60 iy N/ha resulted into
lowest preduction of menth§1 acetate in the essential oil.
Similar trend of variation was Eecorded in regenerated

crop as well., .

4.4.3.3 Effect of time of nitrogen application

At Goiaays after planting, the menthyl acetate
conterft in the essential oil was higher when entire dose
of nitrogen was applied at the time of planting. But
thereafter split application of nitrogen caused higher
production of menthyl acetate except at the final harvest
of reg?nerated crop during 1983 ;here menthyl acetate content
was high due to basal application of fertilizers,

.

4.4.4 Menthol yield *
4.4,4.1 Effect of nitrogen carriers

(a) First harvest (Planted crop)

Highest menthol yield was obtained with the
application of NCU which was.closely followed by UsG, LCU
and then PU (Table 35).) The per cent increase }f menthol
yield due to NCU over.”PU was 48 and 32 in 1983 and in 1984,
respectively. Application through USG resulted into 42
and 23% increase in ‘yield in 1983 and in 1984,
regpectively over PU, 2Application through LCU caused only
33 and 15% higher me;thol yield over PU in 1983 and in 1984,

resgpectively.
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(b) <‘Second harvest (Regenerated crop)
[ ]

.

Nitrogen carriers influenced the menthol yield of

regenerated grow?h in the similar manner to that of plant

crop.
. (c) T?tal memthol yield

. The variation in total menthol yield were the
same as that of first and second harvests at various N
carriers. Menthol yield was improved by 49, 45 and 27%
due to the applicationsc*of NCU, USG and LCU over PU in 1983,
The magnitude of.improvement, however, declined in 1984
where ;pplications of NCU, USG and LCU caused 40, 30 and 18%

better yield than PU, respectively.

4.4.4.2 Effect of nitrogen levels

(a) First harvest (Planted crop)

Menthol yield of Mentha arvensis L. increase

progressively with an increasging appl%cation of nitrogen.,

(b) Second harvest (Regenerated crop?

In regenerated crop also nitrogen application
improved the menthol yield. The improvement due to 120 kg
N/ha over control was 92 and 86% in 1983 and 1984,

respectively.
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(c) ,Total menthol yield

Total menthol yield increased successively with
increase application of nitrogen doses. A dose of 120 i
¢ .
N/ha almost doubled the menthol production as compared to

contrql.

L]
4.4.4.3 Effect of time of nitrogen application

: (a) First harvest (Planted crop)

Basal application of nitrogen produced the
highest menthol yield. , The yie%d improvement due to basal
application over two and three splits was 26 and 17% in
1983 and 22 and 2% in 1984, respectively.

(b) Second harvest (Regenerated crop)

The menthol yield of regenerated crop increased
appreciably due to split application of nitrogen as compared

to basal doses.
(c) Total menthol yileld

Three split.applications o% nitrogen proved best

to produce menthol in Mentha arvensis L. Menthol production

was the lowest when nitrogen was applied only at the time of

planting. .
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. ,
4.5, Biological efficiency (BE) of nitrogen application
and losses when applied in different forms,
methods and doses

.

4.5.1 Pattern of biological efficiency of nitrogen
. application
L]
4.5.1.1 Effect of nitrogen carriers

. In ge?eral, the biological efficiency of nitrogen
application increased with the crop age during both the
years.(Table 36). In 1983 at %0 days after planting, USG,
LCU and NCU increased the biological efficieney of nitrogen
application significantly over PU, At 75 days after
planting NCU increased ;hs BE oﬁ nitrogen application
significantly over USG, LCU and PU, However, at 90 and 108
days BE of NCU and USG did not differ significantly. But
at 120 days both the N-carrigrs differed the BE of the
carriers significantly among themselves where NCU recorded
higher biological efficiency of nitrogen application. The
BE of LCU and USG did not differ significantly. In 1984

at 60 days after planting NCU showdd significantly higher
biological efficiency than LCU, USG apd PU., But nitrogen
application through PU.was showed better BE thanp LCU and
USG at the same stagé, At 75 days fertilizer aapplication
through NCU, USG and LCU showed significantly better BE
than PU, But at 90 days, the difference between Ndb aﬂd
USG was not signifiqgnt. But thege differences turned out
significant at 105 days after planting where NCU showed

higher efficiency. Finally, at 120 days after planting
L ]

i
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applicatioQ.of nitrogen fertilizer through NCU, USG and
LCU showed better BE than bU; the difference between NCU

and USG was not significant.

In regenerated crop, fertilization with NCU,USG
and LOU showed significantly better BE than PU during both
Eﬁe years. However, in the regenerated crop the BE of NCU
and USG did not differ significéantly.

4,5.1.2 Effect of nitrogen levels

Higher biological efficiency of nitrogen
application at 60 lg N/ha was cbserved than those recorded
at 120 g N/ha at all the groyth stages. Finally at 120 days
after planting (first harvest), bioelogical efficiency was:
16.12 and 12.93% at 60 and 120 1y N/ha in 1983 and 17,06
and 10.19% at 60 and 120 iy N/ha in 1984, respectiwvely,

In regenerated crop similar was the trend of
variation. High biological efficiency of nitrogen application
was recorded at low rate of nitrogen applicatiop i.e. at

60 kg Whao s
4.5.1.3 Time of nitrogen application

Basal application of nitrogen increased the
biological efficiency of nitrogen application than in split

applications of nitrogen upto 120 days after planting during
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both the years., Finally at®first harvest, the biological
efficienoies were 18.88, £3.68 and 11.02% in 1983 and
15.73, 15.01 and 10.07% in 1984 due to basal, three and

two split appligations of nitrogen.

. In regenerated crop two split application
;howed significaftly higher biological efficiency of
nitrogen application than basal and three split applications
of nitrogen in 1984, 1In 1983, the differences between two
and three split applications of nitrogen were not significant.
However, two split appldcation ghowed higher efficiency
than three split applications.

.

4.5.2 Biological effigiency of nitrogen application
at harvest

4.5.2.1 Effect of nitrogen carriers

(a) First harvest (Planted crop)

Application of nitrogen through NCU, UsSG, LCU
increased the biological efficlency of nitrogen application
significantly over PU,, Appllcation o% nitrogen through
NCU showed higher bigaogical efficiency than o;ﬂér %L
carriers during both thé years (Table 37).

(n) Second harvest (Regenerated crop)

Application of nitrogen through NCU, LCU, and
USG also showed higher BE over PU, The difference in BE

betwaen USG and NCU was not significant,
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o (¢ Total biological efficiency
[ ]

The superiority of biological efficiency due
to ;pplication§<af NCU, LCU and USG over PU was recorded
when first and second harvests were combined. NCU showed
higher biological efficiency of nitrogen application in

1983 than other *N-carriers. In 1984 USG maintained higher

BE than NCU; the differences %as, however, not significant.

4.,5.2.2, Effect of nitrogen level

(a) First harvest (Planted crop)

-»

The higher biologic&l efficiency of fertilizers

were observed at lower rates of nitrogen. The biologiéal

efficiency decreased with the increasing rates of nitrogen.

(b) second harvest (Regenerated crop)

Similar trend of variation in biological
efficiency of nitrogen application at diffe:ant levels of
nitrogen was observed as it was in first harvest.
Application of nitrogen at 60 kg N/ha increaseq the
biological efficiencty of nitrogen application significantly
over 120 i N/ha.

(c) Total biological efficiency

*

| When first and second harvestswere combined
together the superiority .of biological efficiency of
nitrogen application was obéérved to be more at 60 kg N/ha
thén 120 i N/ha.
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4.5.2.3 . Effect of time 8f nitrogen application

. (a) First harvest (Planted crop)

Basal application of nitrogen caused greater
iﬁcrease in biofogical efficiency of nitrogen application
than three and two split applications of nitrogen., Two
split applicatiop of nitrogen showed significantly lower
biological efficiency than application of nitrogen in three

splits and basal application of nitrogen.

(b) Second harvest (Regenerated crop)

L d
-

Biological efficiency of two split applications
of nitrogen was.significantly'better than basal application

of nitrogen.

(c) Total biological efficiency

When the BE of first and second harvests were
combined, the biological efficiencies of nitrogen
application d4id not show significant difference in 1983,
However, in 1984 applications of nitr?gen through two and
three split applicatiohs increased the hiologiga} efficiency
of nitrogen applicatfon.
4.5.2.4 Effect of interaction amongst N-carriers, their

rates and time of nitrogen application :

(a) First harvest (Planted crop)

*

Higher biological efficiency of nitrogen

application was observed by basal application of 60 kg N/ha
]



Table 38. Bilological efficiency of nitrogen application
during first harvest of Mentha arvensis L. as
influenced by the interaction of Nwcarriers,
their rates and time of application

.

' Treatments . PU UsG LCU NCU
. 1983
60 k¢ N/ha
Tl' 0.61 29, 25 30.65 29,00
T, 12.16 12.35 13.30 21.96
T, 4.30 3,01 13,77 23,11
120 i N/ha . .
T, 6.62 19.54 17.57 17.87
T, " 10.08 17.97 3.04 13,55
T, 7.56 14.59 9,33 12.49
C D 5% , * 6.81
1984
60 kg N/ha
T, 9,49 24,35 19,51 24,84
T, 16.31 27.23 7.33 22,35
T, 11.53 * 15,78 ° 7.30 17.64
120 kg N/ha S e
T, 5.77 13.76 13,72 14.43
T, 9,04 12.66 11.49 13.13
T, 7.15 3.36 7.78 * 9,95
C D 5% | 4.78




Table

39,

Biplogical efficiency of nitrogen application

during second hamwest of Mentha arvensis L. as

influenced by the interaction of N-carriers,

their rates and time o¥ application

Treatments PU UsG LCU NCU
. 1983
60 kg N/ha .
T, 11.49 16.51 18.38 20.72
T, 21.25 25.23 23.47 30.32
T, 27.40 31.04 29.31 34.37
120 ky N/ha '
T, . 7.14 15.57 10.86 13.32
T, 11.10 17.42 15,96 17.34
Ty 16.64 *17.61 17.38 20 .22
C D 5% * 14.40
1984
60 kg N/ha
T, 2.63 16.51 14.46 16.21
T, 23.72° 27.71 25.13 28,68
120 g N/ha s A
T, 3.05 3.34 7.55 3.68
T, 11.78 14.66 12.89 15.36
C D 5% 2.75
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through LCU,, (Table 38) than others: Basal application of
USG and NCU at the same raéé ianeased significantly the
bioclogical efficiency over other treatments in 1983:. 1In
1984 basal applidation of 60 k N/ha through USG and NCU and
application of nitrogen in three splits through USG resulted
into significantl¥ higher bioclogical efficiency than other
treatments. Three split applications of 60 kg N/ha through
PU inc}eased the biological efflciency significantly over

basal application of 60 iy N/ha through urea.

(b) Second harvest (Regenerated crop)

* Two éplit applications of 60 k N/ha through NCU,
UsG, LCU, PU and three split applications of PU, NCU, USG,
LCU and basal application of NCU resulted into significantly
higher biological efficiency of nitrogen application than
other treatments in 1983, 1In 1984, two split applications of
USG and NCU also showed significantly higher biological

efficiency than in other treatments (Table 39).

(c) Total biological efficiency ... .

The total biological efficiency of nitrogen
application as influenced by interaction of Necarriers x
N-rates x time of nitrogen application is presented in Table 40
and shown in Fig. 17.° Higher biological efficiency was
observed with basal applic?tion of 60 ¥ N/ha through NCU,

USG and LCU., However, two split applications of NCU also



Table 40.

Total biblogical efficiency of nitrogen

appliecation as influenced by the interaction of
‘N-carriers. their rates and time of application

.Treatments PU UsG LCU NCU
Y
1983
60 kg Wha .
T, 12.10 45.76 49,03 49,72
T, 33,41 37.58 36.77 52,27
Ty 31.70 34.05 43.07 55,84
120 y N/ha
T, 13.77° 35,11 28,42 27.85
T, 21.18 35.33 23,99 27.56
T, * " 24.20 32.13 27.20 32.71
C D 5% 16.67
1984
60 g N/ha
T, 12.12 40.36 33.97 41,05
T, 3i.32 50.95 26,31 45,00
T, 35,30 43,49 32,93 46,32
120 ¢ N/ha P
T, 8.57 22.10 21.22 23.11
T, 16.32 26,24 23.52 25.57
Ty 19.06 23.52 20 .67 25.30
C D 5% ‘5,84




(\*)

BIOLOGICAL EFFICIENCY
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FIG 17 EFFECT OF N-CARRIERSAND RATES OF NITROGEN

ON BIOLOGICAL EFFICIENCY IN MENTHA ARVENSIS L.
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showed higher bi?logical effidciency at 60 k N/ha. Two
split appl}é;tions of LCU, s¢hree split applications of NCU
and basal application of 60 k N/ha through UsSG, LCU and NCU
shgweé significanfly higher biologic?l efficiency than other
treatment combinations in 1983. 1In 1984, three split
applications of USG and two split applications of NCU
résulted into sigrificantly higher biological effieiency
at 60 i3 N/ha than other treatmefts. Thrde and two split
applications of 60 ¥ N/ha through PU showed significantly
higher BE than its basal application of nitrogen. In 1984,
the superiority of three*and two .split applications of
nitrogen through ?U was also observed at 120 kg N/ha over

»

others.

.

4,5,3 Leaching losses of nitrate-nitrogen

Use of PU as a source of nitrogen caused maximum
losses of nitrogen in nitrate form through leaching (Table 41
and Fig., 18). The leaching of nitrate was minimised when
nitrogen was applied through NCU, USG was the second best

fertilizer to prevent lé%ching losses of nitrate, nitrogen.

4.5.4 Volatilization losses of ammonia-nitrogen

Losses of nitrogen through ammonia volatilization
were high when urea was used as N~carrier (Table 41 and

Fig. 19). 1In terms of percentage, these losses were 8 and 10%

in 1983 and in 1984, respectively. Use of NCU as a Necarrier
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reduced ammenia *volatilization to 3 and 2% in 1983 and in
1984, respectively, when n;trog?n was applied through USG,
the loss of nitrogen in the form of ammonia gas was 3.3 and

2.8% in 1983 andsin 1984, respectively.

4.6 : Relationship between different growth attributes

4.6.1 Relationship of LAI with menthol content

The relationship between the LAI of crop with
menthol content in oil was very close ( r = 0.,4693). The
relatlonship was furtherx worked out through regression

equation (Table 42 and Fig. 20).°

4.6.,2 Relationship of nitrogen concentration with
menthol content ,

The menthol concentration in oil of Mentha
arvensis decreased with an increasing nitrogen content in

plants ( r = =0.4388).

4,6.3 Relationship of nitrogen concentration with
oil content . .
]

... L]

The essential oil content of Mentha arvensis
was also negatively influenced by nitrogen content in the
plant. This has been shown by negative correlation-°values
between o0il content and nitrogen concentration, The
contribution of nitrogen concentration in influencing oil

yield was worked out to be 33,6% .
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4.6.4 « Relationship of menthol content with oil content

. The relationship between oil and menthol content
in the plant was close ( r = 0.6297) . The coefficient of
determination showed that increasing or decreasing menthol
eonte;t in the o%l had only 16% influence on the essential

0il concentration.

4.7 Economics of various nitrogen carriers

The economit evaluation of different N-carriers
have revealed tﬁat under sub~0p€imal conditions of nitrogen
use 1£ Mentha arvensis i.e. at 60 i N/ha, the use of NCU
is most profitable (Table 43). However, when optimum
nitrogen is used, application of UQG turned out to be
most economical. Application of nitrogen through PU gave
the lowest profit at both the rates of nitrogen., At 60 i
N/ha, use of NCU increased the profit by about Rs. 19,506/~ .
At 120 iy N/ha nitrogen through USG showed high advantage
(Rse 22,583/~ ).
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5., DISCUSSION

At present Mentha arvensis+L. is grown in more

than 6,000 hectares in India. The production of menthol is

about 300 tonnes‘per annum. This is sufficient for internal
consumption. If the present rate of menthol consumption
conti;ues, it is estimated th;t in 2,000 AD, India would
require about 600 tonnes of menthol. To produce such an

huge quantity of menthol, Mentha arvensis L. cultivation

has to be done in a larger areéz in about 12,000 hectares.
Since.the possibility of extending more area under Mentha
cultivation is limited as most of the arable land was
already been exploited for ;ood grain production, hence
yield per unit area has to be increased, The yield of a
crop is a result of the extent of successful completion
of growth and the developmental activities in the
individual plant, which in turn would depend upon the
heredity potential of the agro-type gnd the environmental
conditions to which ig is exposed during the aqurse of
its life cycle, Several agronomical manipulations are
possible to change the local environmental conditions to
such an extent that the yielding potentiality of tﬂe
agro-type could be ?xploited to its maximum. In order to
get the maximum yield potential under a set of agro-climatic

conditions, it is very edsential that the local plant
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environment is maintained at optimum level., Indian soils
[ ]
are known to be deficient in nitrqgen ( Jenny and

Raychaudhuri, 1967). Therefore, addition of nitrogen from

external sources'may result into variation into edaphic

envirqnment.

To get optimum yields of Mentha arvensis L. in

Punjab. 150 kg N/ha has been recommended by Samra et al.,
(1975) . For Lucknow conditions, Yadav et al., (1983)
suggested an optimum dose, 160 k N/ha. While for Burdwan
(west Bengal) Ghosh and.Chatterige (1976) worked out 200 ig
N/ha %o be an optimum dose,

Mentha arvensis L. is a long duration crop and its

growth phase passes through the summer months wtere frequent
irrigations are required to sustain the growth., Under such
condition chances of nitrogen loss through leaching are more.
Leaching losses may increase further with the on set of
monsoon. Yadav and Mohan (1982) reported only 20% nitrogen
use efficiency when uskd as PU, of M;;tha arvenE}s P. in
light soils of Luckneéw, To increase the nitrogen use
efficiency of rice in India, Prasad (1966),Prasad et al.,
(1971) and Chatterjee et al., (1975) suggested the use of nitr
gen inhibitors and slow release nitrogen fertilizers. In wheail

Sharma (1967), Knop et al., (1976), Khandelwal et al., (1977)
and Milenko and Milan (1981) reported the beneficial effect
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of slow release mitrogen feréilizers and nitrogen inhibitors.
Similarly,* in Maize Nelson et al., (1976) obtained higher
yieldg due to the use of slow réie;se nitrogen fertilizers
and nitrogen inhipitors. Seshadri and Prasad (1979) reported
significantly higher seed yields of cotton with the ‘
applicétion of sulphur coated urea and N-serve urea than

prilled urea.

*

Since nitrogen fertilization is one of the most
important problem and is an item of considerable cost, it
is necessary to analyse the effeet of nitrogen obtained

from different sources, which has hitherto not been worked
out, In this study, the slow release nitrogen fertilizers
have been tried to reduce the’ nitrogen losses by leaching

and ammonia volatilization vis-a-vis increasing yields.

5.1 Growth

The general trend in growBh (plant height, dry
matter accumulation and leaf grea index) during the life
cycle of crop, followad‘sigmoid path which is chgracteristics
of any growth as described by Galston (1968). It is consisted
of atleast four distinct components viz., (a) initial ‘lag!’
period during which internal changes occur that are )
preparatory to growth.(b) a phase of ever increasing rate

of growth frequently referred to as a 'log period' (since

logarithms of growth rate when plotted against time yields
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a straight Iine auriné this period (¢) a phase in which
growth rate gradually dimigisheg and (d) steady rate, a
point at which the plant approaches maturity and growth

*

ceases, . °

. In general, the height of Mentha arvensis L. in
this experiment i;creased with a slow rate i.e. 1.26 mm/day
upto 60 days. Thereafter upto 35 days, the rate of growth
increased to 5.22 mm/day. In 75 to 90 days period, the
height increased at the rate of 6.66 mm/day. The maximum
rate of increase in height i.e. 2.05 mm/day was observed
during 90 to 105.days. Thereafter, the rate of increase
declined to 6.45 mm/day upto 120 days. These observations
inferred that Mentha arvensié L. has 'lag period’ of
growth upto 60 days. Its growth enters into a ‘'log'’phase
thereafter, which continues upto 105 days. The period of
105 to 120 days may be considered a phase of declining
growth. The last phase of steady state of growth was not

observed in Mentha arvensis L. bscause.being a vegetative

crop, harvesting was do;e when maximum growth wag achieved,
With the application of neem cake coated urea, even the
state growth was not recorded as the height continued to
increase with a greater rate till the harvesting done,at
120 days. This shows that nitrogen availability to the
crop remained with tge same index when neem cake coated

urea was used because neem cake coated urea releases the
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nitrogen sléwly. Slow avajlability of nitrogen throughout
the crop é;owth period with the .,application of neem cake
co?teé urea have been reported by several workers in other
crops (Prasad et .g_J;., 1971; Reddy and Prasad, 1975; Prasad,
1979; Sahrawat, 1981; Sahrawat, 1982; and Thomas and

Prasad, 1983). o

The higher nitrogen dose exhibited greater
influence on the height of the plant, Nitrogen brought an
increase ;n plant height;because of its emmense effect on
cell muitiplication and enlargemént. Pogitive correlations
between plant height and nitrogen levels has also been
reported by Semra et al., (1975); Rai et al., (1977) and
Singh (1983). .

On an average the dry matter accumilation pattern
of the crop remained slow from sprouting to 60 dayse.
During this period, the crop accumulated one kg dry matter/
ha/day. From 60th day onwards upto 75.days, the crop
started accumulating dry matter at the rate of 29, /ha/
day. Thereafter upto-90 days, the rate of accumulation
increased to 55.5 iy/ha/day. After this upto 105 days,
the rate of increase declined to 39 ky/ha/day. . The crop
growth rate increased appreciably again between 105 and

120 days when 86 i of dry matter was accumulated in a day
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from one hegtare of land. fﬁe possible reasons of
slacknegs’in the growth, dﬁring 90 to 105 days and
acceleration again are that aft;r';mtaining maximum leaf

area index, due $o higher canopy coverage, lower leaves
operated under shade. Thus they started senescing and

hence %otal dry Q?tter ‘decreased at 105 days. After that,
when ihcreased rate of height of plants declined,
photoéynthates were used for l;teral spread. Thereby
branching increased. This foitified the accelerated

growth rate between 105 and 120 days. Singh (1983) also
reported linear increas; in dry‘matter production at
successive stages of the crop growth. In his studies, dry
matter increased at a faster rate after March which coincided
with 60 days in the present ;tudy.. He, however, has observed
the highegt dry matter accumulation during July-August.

This was due to well developed vegetative frame work of

the plant at this stage, more active leaves, high humidity,
high temperature and long day conditions which are fawvourable
for the growth of Mentha arvensis L. ,The findings are also«
similar to those obtained by Rai et al., (1977) mho.reported
vigorous growth of miht during rainy season followed by
summer and winter., Singh énd Singh (1979) also expressed
similar opinion. Yadav and Mohan (1982) toc have r;ported
sigmoid pattern of dfy matter accumulation in Mentha

arvensis L,
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Urea super granule ,and neem cake coated urea have
shown higher rates of accumulation®of dry matter from the
very beginning of the crop growth, indicating thereby

L] ]

that these fertilizers are efficlent source of nitrogen for

Mentha.arvensis L. For other crops as well, their

superiority over 8ther sources have been tested (Khandelwal
et al., 1977; sharma and Prasad®, 1980; Eriksen and Nilsen,
1982; Reddy and Mitra, 1985; Eriksen et al., 1985).

Increasing nitrogen 1eve}s consistently increased
the dry matter accumulation. Phenomenal response of Mentha
arvensis L. to nitrogen application is understandable
because nitrogen is known to *promote luxurious vagetative
growth by increasing rate of photoé&nthesis and subsequently
converting the photosynthates to protein and causing
production of more vegetative tissues. Increasing rates of
nitrogen have also increased the rate of dry matter
accumulation at all the growth stages of Mentha arvensis L.
in a study of Yadav and.Mohag (1982) .

‘.. -

L]
»

Basal application of nitrogen caused higher rate
of dry matter accumulation in case of NCU, USG and LCu
but not in case of PU in both the years during first
harvest, thereafter in second harvest two split applications

showed their superiority over basal and over three split
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application$ in ‘case éf LC? and PU only. The reasons are
well known that availability of nifrogen through basal
application at different growth stages upto first harvest
q;ite matches to ‘the need of the plant only in cases
where pitrogen has been supplied as NCU, USG and LCU., But
where PU was used, application of nitrogen before first
harvest (i.e. 1/3 at planting gnd 1/3 at 45 days after
planting) in two lots (out of three splits) showed a
significant advantage over basal application of fertilizer,
In second harvest, howeyer, two split applications caused
significant increase in dry maté;r indicating thereby
that £or regenerétion direct application of nitrogen was

very helpful for Mentha. .

There was an improvement in leaf to stem ratio
with the increased application of nitrogen. Fertilization
with 120 iy N/ha was found to be more conducive in increasing
leaf to stem ratio over control and application at 60 iy N/ha.
The possible reasons for improved leaf to stem ratio upto
the maximum dose of nié;ogen applied may be because of
increase in plant heiéht did not increase in the same
proportion as that could be obtained at lower doses.
Hence additional supply of nitrogen led to producti;n of
more foliage which resulted higher leaf to stem ratio.
Singh et al., (1979) and Singh (1983) alsc noted higher
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leaf to stemeratid with increased supply of nitrogen. The
declining trend of leaf to ;tem fat}o with advancement in
croﬁ age indicated the reduced proportion of leaves in
total herbage production., Previous dbservation of increased
dry matter due to branching support this finding that with

more branching leaf: stem ratio declines.

" The leaf area index is an important factor related

to oil production in Mentha arvensis L. In general, in

1983 the crop maintained higher leaf area index than 1984
crop sseason., It is becéﬁse of t?e high humidity and high
temperature which.boosted up the crop growth and led to
higher leaf area index in 1983, NCU proved superior to USG
in inecreasing leaf area index: It was because NCU prevented
leaching and wvolatilization losses of nitrogen better than
any other sources and regulated the availability of nitrogen
to plants to match their demand for growth., With the
availability of nitrogen to plants in well regulated quantity,
leaf area index increased wherxe NCU was applied., Prilled
urea (PU) showed lower leaf area index in companigon to
other Necarriers because of greater amount of nitrogen was
lost through leaching and ammonia wolatilization. Where PU

was used less nitrogen was available for plant<utiliéation.

In general, leaf area index increased with increasing

application of nitrogen upto 120 ¥ N/ha. Higher leaf area
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index with highef nitrogen application was attributed to

the production of more vegékati?? Eissues. The results

are in accordance with those reported by Samra et al.,(1975),
Yadav and Mohan (4982) and Singh (1983).

* Basal application of nitrogen increased the leaf

area index during first harvegt of both the years. But in

second harvest two split applic.ations proved superior to
basal and three split applications, The nitrogen applied

at the time of planting remained available to the crop only
at first harvest. After.that, with the on set of monsoon
that nitrogen might have lost in leaching in addition to
those utilized by the plant. Therefore, the additional
nitrogen application after ff&st ‘harvest in split treatments,
increased the availability of nitrogen to the crop of second

harvest thereby its leaf area index increased,

On an average CGR increased upto 90 days of planting.
Thereafter, with a slow growth rate upto 105 days, CGR

again increased and attained a peak between 106 and 120 days

after planting. Thus,, two clear peaks were observed in
CGR of Mentha arvensis L. As mentioned earlier, the dry
matter accumulation and leaf area index continued to increase

upto 90 days. Thereafter, because of mutual shading, the

lower leaf start senéscing and hence might have declined
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the CGR but‘®once the flowering started initiating, the
]
increased height due to flower ?ud,initiation might have

added’ to little dry matter yield.,

-
. .

The differences in CGR between USG and NCU were
marginél. Some t}mas USG proved little better than NCU
or at times the effects were equal. While at one instance
NCU wé; better than USG but bo;h remained always superior
to PU &nd LCU., Reagons are obvious, NCU and USG might
have supplied nitrogen to the crop more effectively as

has been reported by several workers (' ’rasad, 1979;

Thomas.and Prasad, 1982; sSavant et al., 1983).

Contrary to CGR, RGR'decreésed with advancement in
age., However, like CGR it has also shown two peaks, The
decreasing rate of RGR with advancement in crop age showed
that efficiency of plants to produce dry matter over its
original weight decreases. Whenever the increase in weight

diminishes a little, RGR shows 1increase .
i .

O.‘ .

The decrease in RGR with advancement in crop age
can be explained on the basis of work done by Friend
et al., (1965) who observed that the increase in LAR

during early growth and later on the decrease was primarily

because of an initial increase in the growth of leaves
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relative to stemrsand roots and later rapid increase in stem
growth assbciated with floﬁéring. They further reported
that increasing the temperature.fr;m 10 to 25°C increased
thé LAR, but further increase in temperature to 30°C
lowered the LAR because of an increased proportion of stem

and thicksr leaves.
5.2 * Yield

On an average 1983 crop season was most favourable
to produce luxuriant herbage tha? 1984 season. High rainfall,
high humidity, high temperature all together interacted to
groducé 1uxuriané growth in 1983 c¢rop season. On an average
Mentha arvensis L. yielded 23% higher in 1983 crop season
than those recorded in 1983 season. First harvest yielded
13% higher and second harvest 32% higher yields in 1983
as compared to 1984 crop season, In 1983, at first harvest,
NCU caused slightly better production than USG, while in
second harvest the effects due to USG and NCU did not differ

much. But in 1984, NCU,was found to be better than USG

* e

to produce more herbagp yield. NCU also caused ﬁettér
production than those obtained through USG, LCU and PU
applications. On an average of both the crop seasons, NCU
maintained the lead to produce only 4% higher ierbage than

USG, but both these Jources were many times better than



176
th;; was recordgd.due.tc the‘applications of LCU and PU,
Prasad ggogi., (1971), Neleon et al., (1976), sharma (1976),
Knop et al., (1976), Khandelwal’et al., (1977), Seshadri
apd érasad (1979}, Chang and Yang,(}980)s Milenko et al.,
(1981), Milenko ;nd Milan, (1981), Eriksen et al.,(1985),
ﬁnd Reddy and Mitra (1985) also showed the superiority
of NCU and USG aﬁbliCations over PU in other crops. NCU
might *have released nitrogen slowly as per the requirement
of crop at different growth stages. Therefore, the crop
never suffered for the deficiency of nitrogen. Nitrogen
losses through leaching®and amm@nia volatilization were
also less when NCU and USG were hsed.

Herbage production ihcreased consistently with
increases in nitrogen levels, simiiar to those reported
by Baird (1957), Dutta and Chatterjee (1961), Gupta and
Gulati (1970), Dutta (1971), Nelson et al., (1971},
Sharma and Singh (1980), Singh (1983), Verma et al., (1983),

Yadav et al., (1983) and Randhawa et al., (1984).

Basal application of nitrogen in the f;fﬁ of NCU,
USG and LCU resulted into higher production of Mentha
arvensis L. during first harvest, But while PU was used,
split applications proved to be more conducivé for herbage
production than basa#l application. It was noted that

basal application of nitrogen in the form of USG, NCU and
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LCU proved to be hatt;r tﬁfn split (two) applications of
nitrogen ;s PU only in total herbgge yield. Split
applfcations of nitrogen through NCU, USG and LCU was not
a; good as basal®application of the’ entire dose.

) The production of 0il is a net result of herbage
production and its oil concentration. Higher herbage
yield led to higher oil yield, NCU was found superior

to increase total 0il yield during both the years followed

by USG than others.

+ Increasing levels of nitrogen also resulted into
higher production of oil, A;number of research workers
noted increase in oil yield due to.nitrogen fertilization.
(Baslas 1970; Chandra 1971; Dutta 1971; Panda 1977; Duhan
et al., 1977; Singh et al., 1979; Clark and Menary, 1980;
Singh and Kewlanand 1981; Chandra et al., 1983; Yadav
et al., 1983 and Randhawa et al., 1984).

hd .

Different sourcdes on nitrogen did not influence

oil content of Mentha'arvensis L. very much. Oil

concentration in plants of second harvest was more than
that of first harvest because regenerated growth had more
leaf area where oil glands are situated. High humidity
prevailed during enéire period of regenerated growth might
have helped in more leaf initiation and leaf area index

which ultimately favoured oil production in leaves.
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5.3. 0il1 ‘qualj.ty .

L]

In general, the pattern+of’menthol accumulation with
time indicated that at 60 days of planting, menthol,menthone
and menthyl acetéke contents were 5£.3, 27.3 and 2.6%,
respeckively. With the advancement in crop age menthone
:;ntent was reducéd and menthol content increased, menthyl
acetate content increased sligHtly between 60 and 120 days
after planting, during this period menthol content improved
2y 28% while menthone decreased to the extent of 46%. The
increase in menthol contént durigg this period was only
20% where PU was applied. Highest increase 33.6% was
observéa in case of USG. NCU caused only 26.4% improvement
in menthol content during thfs period.

In unfertilized plot menthol content increased
from 55 to 60% between 60 and 120 days i.e. about 10%
increase. Application of nitrogen at the rate of 60 kg N/ha
caused 28% improvement in menthol content. Further

[ ]
increase in nitrogen rates to 120 kg/Na brought about almost

30% improvement which is only 2% higher than that was

sbserved at 60 iy N/ha. While studying the rate and duration

>f menthol accumulation in Mentha arvensis L. at different

rates of fertilization Yadav et al., (1981) reported
251-264 g/ha/day menthol accumulation in nitrogen

fertilized plants as again§t 215 g/ha/day in control plants.
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At 120 ¥ N/ha, menthol accumulation continued to increase

upto 66 days where as in control plants, it continued

to increase upto 38 days. Gulgki.and Duhan (1971), Franz

(1972), Duhan et,al., (1975 and 1977) and Yadav and Mohan

(1982) reported decrease in menthol content with increase

in N;fétes under field conditions. But in this study this

was not observed rather with the increase in nitrogen
level;, the menthol content sllghtly improved, Amongst
the different sources of nitrogen fertilizers it was
observed that application of NCU, USG and LCU improved
menthol content better ;han PU, ‘quite possible slowly
available nitrogen helped better menthol content in plants.
With advancement in crop age menthone was reduced to
menthol. Thus, menthol inc;;ased and attained a éeak at
120 days. After 125 days menthol content decreased again
due to its esterification into menthyl acetate. The
reduction of menthol in o0il at higher Nerates and at later
harvesting dates was also due to decrease in the proportion
of leaves in total herbage yields. Megnthol synthesis in
plants takes place towérds the region of photosypthetic
activity, where carbdh dioxide is reduced and carbohydrates
are synthesized (Guenther, 1960). Loomis (1967) described
the menthol synthesis pattern as indicated in.Fig. 51.
Tyagi et al., (1983) also confirmed it. Farooqi et al.,
(1983) also reported higher menthol in oil at the time of

flowering which occured 120 gays after planting.
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5.4 Effjiciency of nitrogen spplication and its losses

_ Efficiency of nitrogen ut{lization as indicated
by biological efficieney of nitrogen increased with
advancement in crop age. Root proliferation increased
qith the advancement of crop age and thus efficiency of
nitrogen utilizaéion also iﬁcreaseé. At harvesting
biolodical efficiency was highér when nitrogen was applied
through NCU, USG was also at par . Wwith the application
of USG and NCU losses of nitrate leaching and ammonia
volatilization were less as comgared to that in PU. Neem
cake possesses nitrification inhlbitory properties which
slow down the action of nitrosomonas and nitrobactor
bacteria in the soil, Coating of neem cake with coaltar
on urea prills check the process of hydrolysis as well asg
ﬁitrification. This reduced formation of ammonium ions
and the conversion of ammonium ions to nitrate ions is
also inhibited. As a result of this nitrogen might have
been available to the plants.at a slow rate., This helped
to minimise nitrogen ldsses and bette; utilizag%?n gf
nitrogen. Application of nitrogen through USG also
minimise the losses of nitrogen. The pH of the soil in
the vicinity of USG increased upto 9, while enzyme could
function only upto an optimum pH of 8, Thus, urease

»
enzyme activity is reduced which ultimately affected the

hydrolysis process adversgly. Moreover, the upward
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diffusion of ammonium-releaséd from hydrolysis process of
USG is low. Thus, the ammdnia formed ig the soil, where
USG 1ig placed, come out in the ;tm;sphere slowly and hence
volatilization logs is appreciably meduced. The low
concentration of nitrate formed by nitrification also lead
to minimum loss of nitrogen through leaching and
dinitrification 1; the an aerobic layer. The another
possibie reason of reduced leaéhing and volatilization
losses of nitrogen is that application of USG resulted into
longer persistence of ammonical nitrogen .amd lower
concentration of nitrate.nitrogeg in the socil. Reddy and
Prasad ,.(1975), Khandelwal et al., (1977), Rab: et al.,
(1980), sahrawat (1981), Thomas and Prasad (1982), Chen
and Zhv (1982), Sahrawat (1952), Savant et al., (£983).
Thomas and Prasad (1983), Rao et al., (1985), Eriksen

et al., (1985), Reddy and Mitra (1985) also showed the
superiority of these fertilizers over PU in most of the
arable lands. The biological efficiency of nitrogen
application was higher at low rates 6f‘nitro§en application.
Biological efficiency of nitrogen application at first
harvest was higher due to basal application, while two
splits increased the bilological efficiency at second harvest.

Considering the biological efficiency of nitrogen .
application during entire growth period of Mentha arvengis L.,
two splits have an edge over other timings of nitrogen

application with particular reference to the use of PU,



183

However, this effect was not‘®observed in case of NCU and
L]

USG considering the SEm of sthe experimen%.

. ®
It is thus apparent that basal application of neem
cake coated urea ;s well as USG incfgased herbage production,
improved more of menthol in the o0il, oil yield than when urea
aéplied in two or‘*three splits. To boost up production
after first harvest there appeafred to be great need of
nitrogen. It may be interesting to find out the effect of
split application of PU after first harvest, in the plots
which receive nitrogen im the fOfm of NCU of USG as a basal
dose, Effect of LCU, however, was inferior to NCU and USG,
and neé&s further verification. Effect of NCU and USG were
good in 1983 when the crop yield was more and rairfall
receipt was high but this effect wa; not so distinctly

observed in the year 1984 which received less rain.



6., SUMMARY AND CONCLUSION

. Japanese mint (Mentha arvengis L.) has turned out
to be an importa;t crop ‘in India. For its high commercial
value farmers are using very heavy doses of nitrogen
alongwith large nunber of supplementary irrigations. It
has been estimated that hardly 20-40% of applied urea is
utilized for crop production. In order to find out the
scope of utilizing, some of the slow release nitrogenous
fertilizers for improvirng the bjological efficiency of
applied nitrogen, an investigati;n was carried out at the
resear;h farm of the Central Institute of Medicinal and
Aromatic Plants, Lucknow for® two successive years’ 1983 and
1984, The N~carriers used were prilled urea (PU), urea
super granules (USG), lac coated urea (LCU) and neem cake
coated urea (NCU), Two levels of nitrogen 60 and 120 kg/ha
and three timings of application (full basal, 1/3 at
planting + 1/3, 45 days aftef planting + 1/3 after first
harvest and 1/2, 45 days after planti;g + 1/2 qfﬁer.first
harvest) were tried. sThe treatments were laid ;;t in
Randomised Block Design with separate control plot in three
replicates. The salient features of the expeg}mentél results

from the present investigation are summarized below:

1. Application of NCU, USG and LCU fertilizers produced

taller plants than PU, Aﬁﬁlication of nitrogen at 120 ¥ N/ha
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caused maximgum pdant Neight. Application of the whole of
nitrogen &t planting throuéh NCU, UsG aéa LCU caused
greater increase in plant heighé t;an its split applications
during first harvest. Split application increased plant
height more than that wa; fecorded through basal application

during'second harvest of the crop.

L]

2. At all the growth stagés application of NCU, USG
and LCU increased the number of leaves; the respective
Ne-carriers caused 25 to 49, 16 to 30 and 13 to 15% increase
in leaf number per 25 cm;long roys in both ;he years. Whole
nitrogqn applied through NCU, Usé and LCU produced greater
number of leaves at first harvest of the crop than its
split applications. Two split applications of UsG, NcCu,

LCU and PU produced significantly greater number of leaves

than its basal application of nitrogen in regenerated crop.

3. The size of leaves increased by the application of
N-carriers more than those increased through PU. Through

L4 °
NCU and USG, the enlargement of leaf was more than that was

recorded by the appligation of LCU. Similar trend of variation

was observed in regenerated crop as well,

4, Initially dry matter accumulation was slow, .
Thereafter it increased with a faster rate and attained a
peak at 120 days after planting and 75 days after first

harvest . Applications of ni&rogen through NCU, USG and LCU
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®
produced 36.2, 81.7 &nd 24% higher dry matter yield than

[ ] » . 'Y

PU in 1983, in 1984 corrésponding values were 23, 22

and 8%. Application of nitrogén ;t the rate of 120 ig/ha
produced more than those recorded at 60 ky N/ha (20%),
fertilizing at 60 K n/h; éaused 53% increase in yield

over control (no.fertilizer) and. this difference was also
statistically significant. Bisal application of nitrogen
was f;und superior to its split applications during first
harvest of the crop. Total dry matter production increased
by two split applicatio?s of nitrogen in 1?83 more
particularly in case of PU, in 4984, however, productivity
due to two and three split applications did not differ much,
On an average of both the cfop seasons, applicat%on of
fertilizer in two split applications proved superior to

its basal application, particularly in case of prilled ureay
in case of NCU and USG, howewver, this difference was
reduced,

5. Application of nitrogen through NCU,USG and LCU

increased the LAI more. than PU, TherLAI increased

. .

slgnificantly by the application of nitrogen at 120 i N/ha
as compared to the control treatment and at 60 kg N/ha.
Basal application of nitrogen through NCU, USG and .-LCU

increased the LAI at first harvest while the effect of

three split applications was observed to be superior to
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.
basal appligation wheh nitrogen was applied in the form
of PU. Two split applicatlon of nitrogen through all
. L

Necarriers was found to be superior to basal application

in regenerated crop. .

-
*

6. * Application of nitrogen through NCU,USG and LCU
produced 22,6, 18:8 and 14% higher herbage yield than PU,
respectively during 1983; in 1984, the corresponding values
were 24, 18 and 9%, respectively. Application of 120 g

N/ha was found significantly superior to control and to

60 & N/ha. Split appliéétion of nitrogen Qgs found to be
superigr to basal application in.case of PU but not in

cases of NCU, USG and LCU; LCU, howewver, had a bit inconsistent

* .

behaviour.

7 On an average of both the years, amongst different
Necarriers, the lowest oil content (0.61%) was recorded

in the crop fertilized with PU followed by NCU, USG and

LCU (0.62%). Nitrogen reduced oil content in the herbage.
The extent of decrease .4dn oii concentfation was maximum
from control to 60 kg §Vha. At 120 iy Wha althésgh éﬁere
was further reduction in oil concentration but the magnitude
of reduction was lesser than those recorded between.control

and 60 iy N/ha.

L]

8. NCU, USG and LCU produced higher total oil yield

than PU, Total oil production increased by 36% in 1983
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and 26% in 1984 ﬁu; te the abplication of nitrogﬁy through
NCU over RU. USG excellede*PU by 34 and.zr% in 1983 and

1984, respectively. Applicatioh of 120 i N/ha increased

the o0il yield siqnificantly over control and over 60 ik N/ha ,
Split applications showed their superiority over basal
application in case of PU but not much in others. But the

differences between two and three split were very minor,

9. In general, at the beginning menthol accumulation
was less and menthone content was high., With the advancement
in crop age, menthone céhtent degreased wié% the increase

in menthol contemt and slight increase in menthyl acetate
content. Menthol content attained a peak at 120 days

after planting, At 60 days ;fter planting, plant‘fertilized
with NCU showed 52.9% menthol, 26.1% menthone and 2,6%
menthyl acetate, USG treated crop recorded 50.2% menthol,
27% menthone and 2,.5% menthyl acetate content, At maturity
(120 days after planting) menthol content reached to its
peak and in NCU treated crop,, the plaqps had 67.25, 14 and
6:8% menthol, menthone and menthyl acetate contents,,
respectively. The cofresponding values in crop fertilized
with USG were 66,9, 14.5 and 5.7% , respectively. The
menthol contents were less in crop fertilized with U and
LCU, Increasing levels of nitrogen (upto 120 kg N/ha)

slightly increased the menthol content.
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10. Maximum production of menthol was observed in

plants fertilized with NC® followed by‘hSG. The menthol

yielgd was improved by 49, 45 and 37% due to the applications

of NCU, USG and LCU over PU in 1983, the corresponding

values in 1984 were 40,.35 and 18%. Menthol yield increased

succeésively with the increased application of nitrogen

doses. A dose o; 120 x3 N/ha almost doubled the menthol

production as compared to control.,

11. In general, the biological efficiency of nitrogen
application (BENA) increased wish.the advancement in

crop ége during both the yaars.. The biological efficiency
of nitrogen when applied in the form of NCU, USG and LCU
were significantly superior‘’to PU.at all the growth stages
except at 60 days after planting in 1984, Higher BENA

was observed at 60 ¥ N/ha than 120 i N/ha. At the time

of first harvest BENA were 16 and 13% at 60 and 120 ¥y N/ha,
respectively in 1983 and 17 and 10% in 1984, The similar
trend of variation in BENA qas observed in the regenerated

crop. Basal applicatidbn of nitrogen increaseq'the ?ENA

;ver split applicatipns at first harvest while ;n second
harvest of regenerated growth two split application was
significantly better than basal application, ?artiéularly
where PU was used as a source of nitrogen. Total biologicafi
efficiency of nitro%en application was significantly better
when nitrogen was applied, in splits through PU only than

its basal application.
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12. Use of urea ag a source of fertilizer caused higher
losses of nitrogen throughsleaching and volatilization in
Mentha arvensis L., Leaching lo&ses were minimised from
29,7% in PU to 10.7% in NCU and 12.{% in USG. Ammonia
volatilization lggses wete*reduced from 9% in PU to 2.5%

in NCU+*and 3% in USG.

.

13. . There was inverse relationship between nitrogen and
01l contents in plants. But LAI ahd menthol content were
positively correlated. The relationship between oil

concentration and menthol content was close® and positive,

.
.

As source of nitrogen fertilizer NCU and USG were
the most efficient fertilizess and gave higher berefit:
cost ratio than LCU and PU, Consiééring their efficiency
in o0il production, broadly speaking, 60 and 120 g N/ha
in the form of prilled urea was equivalent to 50 and 90 i
N/ha in the form of NCU or USG.



7.  FUDURE SEOPE OF WORK

*

. In the present investigatiog the nitrogen level was
tried upto 120 m.&/ha but® the cre§ has the potentiality of
E;ilizing still further amount for production., Efficiency
of these fertilizérs nead to be evaluated at still higher
level of nitrogen, Further, instead of having wide gaps
between levelsg, the differences can be scaled down to 20
or 30 iy N/ha, For regeneration of crop after first
harvesgting it appears, ébplicat{yn of nitr&ben is very
import?nt. The efficacy of givi;g a reduced dose of
prilled urea after first harvest in plots receiving NCU
and USG as basal dose, need also to be worked out.

The extent of utilization of nitrogen from different

fertilizers can be best studied through the use of le,

otherwise there may be some errors involved in such

indirect determinations.

Use of Menthaesspent material as a mulch or as a

source of bulky organic matter, for increasing the efficiency

of inorganic fertilizer use, need to be investigatell as well.
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APPENDJIX~I

Weather data

Month ° Relative Maximum - * Minimum Rainfall
humidity terperature  tempera- (mmfﬁ
(%) (°C) ture
. (°Q)
. ” 1983
January 69.98 19.92 6.62 20.5
February 50.77 26,35 9.05 0.2
March 54.84 33.78 14.13 -
April 62.84 31.43 19.03, 23.6
May 67.32 58.38 23.66 - 39.9
June 77.30 36.85 27.08 218.4
July 84.28 35.53 %}.15 1 404.3
August 83.92 33.9% 26,28 .236.0
1984

January 56.50 23.18 6.25 5.2
February 50 .95 24.18 5.33 . 2.8
March 54.35 32.23 13.35 -
April 57.75 28,80 15.90 15.3
May 67.63 37.00 22.96 -
June 67.66 '39.45 26.88 -, 267.8
July 84.91 35.20 26.84 178.4
August 81.50 34,58 26.63 184.1
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