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" Abstract

An experiment was conducted at Lucknow (Uttar Pradesh) to assess crop productivity and
economics of direct planted and transplanted menthol mint (Mentha arvensis) in sandy loam
soil, under integrated nutrient management. The treatments consisted of five different com-
binations of farmyard manure (FYM) and inorganic fertilizers (NPK). Herb and essential oil
yield was maximum with application of 133:40:40 kg NPK ha'and 6.7 t FYM ha'in both the
methods of planting. However, the crop established with direct planting of suckers was
more profitable than the transplanted crop. Net returns were 269% and 213% higher over
- control, with combined application of 133:40:40 kg NPK ha'and 6.7 t FYM ha in direct and
transplanted crop, respectively, during the first year of experimentation and 305% and 232%,
respectively, during the second year. Dry matter production and NPK uptake were also
maximum in the same treatment in both the methods of planting. Maximum N and P uptake
was recorded in sole application of inorganic fertilizers (200:60:60 kg NPK ha) and maxi-
mum K uptake was observed under application of 100:30:30 kg NPK ha™ and 10 t FYM ha'in
direct planted crop during the first year. Post-harvest soil characteristics like organic car-
bon, available NPK, Fe and Zn were higher during the second year, while a reverse trend
was observed for soil pH.

Key words: integrated nutrient management, Mentha arvensis, menthol mint, net return, soil
sustainability.

Introduction : at the end of March or first week of April.

. ) ) The practice of transplanting of suckers after
Menthol mint (Mentha arvensis L.) is a highly raising in nurseries allows the cultivation of
remunerative crop, in Uttar Pradesh, North  yint after the harvest of winter season crops
Indian plains and farai region of Uttaranchal  gch as mustard, wheat, etc. (Singh et al. 1998).
~ in India. This crop is well suited in various (gt of planting material, time of planting and
traditional cropping systems in the Indo- method of propagation play a key role in de-
Gangetic plain owing to its adaptability to termining the cost of menthol mint produc-
all seasons (Kumar & Patra 2000). Generally, jon, Transplanting of menthol mint is becom-
suckers are planted directly during the last ing a successful strategy as it can be grown
week of January. The crop is also established  ,fiar main rabi crops. In this study efforts
from transplanted suckers which are planted (/016 made to compare the performance of
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direct planted and transplanted suckers of
menthol mint in terms of yield, relative eco-
nomics and post harvest soil nutrient status.

Materials and methods

Field experiments were conducted for two
years (1996-97 and 1997-98) at Cenfral In-
stitute of Medicinal and Aromatic Plants, Re-
search Farm, Lucknow (Uttar Pradesh) (26.5°
N, 80.5° E, 120 m MSL). The experiments were
laid out in a randomized block design with
five treatment combinations replicated four
times. The test crop was established by two
 methods of planting, namely, through direct
planting of suckers and transplanting 45 days
old rooted suckers raised in the nursery dur-
ing the first week of January and April, re-
spectively. The treatments consisted of indi-
vidual or combined application of farmyard
manure (FYM) and inorganic fertilizers (NPK)
namely, T,-control, T,-20 t FYM ha, T,-
_ 100:30:30 kg NPK hatand 10 t FYM ha”, T, -
133:40:40 kg NPK ha' and 6.7 t FYM ha™ and
T,-200:60:60 kg NPK ha'. N, P and K were
applied through urea, single superphosphate
and muriate of potash, respectively. Half of
N and full dose of P and K were applied at
the time of planting of suckers. Second split
of N was applied after 45 days of planting of
suckers. In the case of transplanted crop, full
- dose of P and K were applied at the time of
planting, while N was applied in two splits
(50% each) 20 and 50 days after transplant-
ing. Menthol mint was harvested during the
last week of June for recording herb yield
and essential oil content. Mustard (cv. Pusa
bold) was grown after menthol mint crop as
residual crop during October-March, with ap-
plication of N, P and K @ 50, 50 and 40 kg ha’
" 1, respectively. The soils of the experimental
field had pH 7.81, EC 0.80 dSm*, organic car-
bon 0.29% and available N, P and K 167.0,
32.1 and 86.4 kg ha', respectively. DTPA ex-
tractable Fe and Zn varied between 6.40 to
6.92 ppm and 0.52 to (.57 ppm, respectively.

Menthol mint nursery was raised during the
second week of February by preparing uni-
- formly levelled land of 5 m x 6 minto which
FYM (5 t ha') and NPK (100:50:50 kg ha™)
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were thoroughly mixed. Menthol mint suck- -
ers (cv. Kosi) were dug out from stock field
and chopped in to 2-4 cm length so that each
piece contained at least one node. The
chopped suckers were uniformly broadcasted
in the nursery bed and covered by loose
sandy soil and ground FYM mixture. About
100 kg suckers were required for raising the
nursery to transplant in 1 ha of land..The bed
was irrigated with light flooding followed by
covering with paddy straw/lemongrass dis-
tillation waste to avoid surface incrustation
and to promote easy emergence of seedlings.
Forty five day old seedlings were trans-
planted in well prepared field at a spacing of
50 cm x 10 ¢cm in 6 m x 4 m plot. Other man-
agement practices were followed as per rec-
ommended package of practices. The ¢crop was
harvested during the last week of June. The
suckers were obtained from the previous
year’s plantation and planted in furrows of 8
c¢m opened 50 cm apart. After planting, the
furrows were covered with soil by light
planking and the field was immediately irri-
gated. Soil samples were collected from the
experimental field (0-15¢m) prior to and af-
ter planting and harvesting of both (mint and
mustard) the crops. Samples were processed
by drying under shade, crushing and pass-
ing through 2 mm sieve. Processed samples
were analysed for pH, EC, organic carbon,
available N, P and K (Page et al. 1992).

Results and discussion
Herb and oil yield

All the treatment combinations significantly
influenced herb and essential oil yield over
control during both the years under both the
systems of production of menthol mint crop.
In 1996-97, herb yield increased by 35%-
131% over control with the application of dif-
ferent combinations of inorganic fertilizers
and FYM in direct planted crop (Table 1). Oil
yield increased by 42%-132% over control
with different combinations of FYM and in-
organic fertilizers. Both herb and oil yield
were maximum under application of 133:40:40
kg NPK ha + 6.7 t FYM ha during 1996-97.
The trend with respect to herb and oil yield
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Table 1. Oil and herb yield and dry matter production in direct and transplanted menthol mint

Transplanted crop
- Herb yield (t ha™)

199597

Direct planted crop
Herb yield (t ha)

1996-97 1997-98
12.67

Treatment

Dy matter (t ha™)

1996-97 1997-98 Mean

Oil yield (1 ha™)
1996-97 1997-98 Mean

Dry matier (t ha)

Qil yield (1 ha™)

1996-97 1997-98

199798 Mean

13.00

1996-97 1997-98 Mean

Mean
12.91

Mean

4.01 432 417

12.70

12.40

91 920

437 424 93

4.11

935 13.14

92

95

1533 1621 607 594 6.01 125 131 128.0 1582 1456 15.19 5.62 5.65 5.62

17.09

136.5

138

135

8.21

8.15

8.27 .

2200 2457

198 198.0 27.13

198

8.64 8.60

8.56

2333 2571

207.5 28.08

210

205

2477 - 27.05

8.39

8.09

873

23.44 2559

8.55 8.89 208 211 2095 2773

9.23

26.33

223 2215

220

2329 2431

6.98

25.33

184 1870

190

8.50 7.83

7.16

26.00 2430 25.15

1935

192

195

814 756

1.11

1.11

1.20

1.22

10

0.11

0.62

1.22

1.25

13

15

cD

P=0.05)

N:P:K 200:60:60 kg ha™

N:P:K 133:40:40 kg ha' + FYM 6.7 t ha; T,

Control; T,=

T,=

FYM 20 t ha'; T,=N:P:K 100:30:30 kg ha' + FYM 10 t ha'; T,

Chand et al.

was the same in the transplanted crop as that
of direct planted crop in 1996-97. However,
there was slight reduction in herb and oil
yield of transplanted crop compared to di-
rect planted one. The highest herb and oil
yield during 1997-98 was also recorded with
133:40:40 kg NPK ha™ + 6.7 t FYM ha™ (Table
1). The extent of increase in herb and oil yield
in different treatments over control ranged
between 17%-89% and 50%-142%, respec-
tively in direct planted crop. The trans-
planted crop followed the same trend with
marginal reduction in herb and oil yield dur-
ing 1997-98.

Dry matter

Dry matter content was also significantly in-
fluenced by the treatment combinations
(Table 1). Maximum dry matter was recorded
in the treatment 133:40:40 kg NPK ha' + 6.7 t
FYM ha’, in both the methods of planting
during both the years. The extent of increase
in dry matter production over control was
48% to 125% and 40% to 118 % with direct
and transplanted crops, respectively, in 1996-
97. '

Nutrient uptake

Maximum N and P uptake was recorded with
application of 200:60:60 kg NPK ha™in direct
planted crop, whereas K uptake was maxi-
mum under combined application of 100:30:30
kg NPK ha' + 10 t FYM ha? (Table 2). The
transplanted crop also followed the same
trend for N, P and K uptake as that of direct
planted crop. The results on major nutrient
uptake indicated the beneficial effect of inte-
grated supply of nutrients which was ulti-
mately reflected on productivity (herb and
oil yield). Similar observations on higher.ac-
cumulation of nutrients in menthol mint-mus-
tard cropping system was reported by Patra
et al. (1997).

Net return

The prices of fertilizers and other inputs in-
creased considerably during the last decade
affecting the cost of production of mint oil
to a great extent. Maximum oil production
was recorded under application of 133:40:40
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Table 2, Uptake of major nutrients in direct and transplanted menthol mint (1997-98)
Treatment Direct planted crop Transplanted crop

Uptake (kg ha) Uptake (kg ha™)

N P K N P K

T, 86.96 20.98 97.89 £5.97 20.74 96.77
T, 118.21 30.29 140.18 112.44 28.82 133.34
T, 171.07 34.56 237.60 161.37 32.60 - 22413
T, 177.84 37.62 209.48. 168.77 35.60 198.21
T, 212.50 49.30 191.25 203.50 47.21 183.15
CD (P=0.05) 12.00 2.80 15.50 4.89 2.10 16.00

T,=Control; T,=FYM 20 t ha™; T,=N:P:K 100:30:30 kg ha" + FYM 10 t ha™; T,=N:P:K 133:40:40 kg ha' + FYM 6.7 t

ha; T,=N:P:K 200:60:60 kg ha™

kg NPK ha + 6.7 t FYM ha in direct planted
and transplanted mint crop in both the years
and the net return was Rs. 42,307 haand Rs.
41,367 ha' which was 269% and 213 % higher,
over control in both the production methods,
respectively, in 1996-97 (Table 3). The net
return was Rs. 42,307 ha'and Rs. 41,367 ha™'
" in direct planted and transplanted mint crop
which was 305% and 232% higher over con-
trol, respectively, in 1997-98 (Table 4). Net
return per rupee invested was also maximum
under supply 0f 133:40:40 kg NPK ha™ + 6.7 t
FYM ha™ in both the methods of planting dur-
ing both the years. Maximum oil production
and net return obtained under combined ap-
. plication of 133:40:40 kg NPK ha™ and 6.7 t
FYM ha™ may be attributed to balanced sup-
ply of macro and micro-elements for longer
period of crop growth through integrated
supply of nutrients. Sustained production,
optimumm availability and crop growth follow-
ing integrated approach was observed by
Patra et al. (2000) in mint-mustard cropping
sequence. Kothari & Singh (1994) observed
~ that use of improved variety, planting at op-
timum time, application of optimum quantity
of fertilizers and organic manures, irrigation,
weed management, harvesting at optimum
time and proper distillation are main prereq-
uisites for determining the cost of cultivation
of mint under specific crop rotation and cli-
matic conditions. '

* Soil physico-chemical properties

Major soil physico-chemical characteristics
and available nutrients fluctuated under dif-

ferent stages of sampling during the two yedr
cropping period.

After harvest of menthol mint (1996-97)

Soil samples were analysed for their differ-
ent characteristics after harvest of menthol
mint (1996-97). Soil pH was maximum in
plots that received only inorganic fertilizers
as compared to plots applied with organic
manure along with inorganic fertilizers
(Table 5). However, the differences among
treatments were not statistically significant.
Electrical conductivity of the soil did not vary
significantly. Organic carbon was, however,

‘higher in soil receiving organic manure alone

or in combination with inorganic fertilizers,
as compared to control and with inorganic
fertilizer only. Total N content in soil in-
creased by 24%-54% over conirol with dif-
ferent combinations of organic manure and
fertilizers and the maximum value was ob-
served with combined application of
100:30:30 kg NPK ha? + 10 t FYM ha. Avail-
able N was highest with combined applica-
tion of 100:30:30 kg NPK ha™ + 10 t FYM ha”

_registering an increase of 29% over control.

Available P was highest with combined ap-
plication of 133:40:40 kg NPK ha” + 6.7 t FYM .
ha'. Available K was significantly affected by
different treatments and was highest with ap-
plication of 133:40:40 kg NPK ha' -+ 6.7 t FYM
ha, The data indicated an improvement in
the soil physico-chemical characteristics and
available N, P and K status. Similar observa-
tions were also made by Tamhane et al. (1970)
and Singh & Dhar (1986). Increased nutrient

availability by application of FYM with inor-



Table 3. Economics of menthol mint cultivation under menthol mint-mustard cropping system (1996-97)

Cost of cultivation ha™ . Direct planted crop Transplanted crop

T T T T T T T T T T

1 2 3 4 5 1 2 3 4 5

A Expenditure

Land preparation 800 800 800 800 800 800 800 800 800 800
Planting material 4500 4500 4500 4500 4500 1000 1000 1000 1000 1000
Planting charges 650 650 650 650 650 750 750 750 750 750
Raising nursery -, - - - - 1100 1100 1100 1100 1100
Fertilizers - 1500 2545 2893 3590 - 1500 2545 2893 3590
Irrigation 1750 1750 1750 1750 1750 1750 1750 1750 1750 1750
Weeding (manual) - 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000
Plant protection and miscellaneous expenses 500 500 500 500 500 - 500 500 500 500 500
Distillation charges @ Rs 30 kg™ 2850 4050 6150 6600 5850 2790 3750 5940 6240 5700
Total expenditur.e 17,050 19,750 22,895 23,693 23,640 14,690 17,160 20,385 21,033 21,190
B.  Gross return (Rs ha™} 28,500 40,500 61,500 66,000 58,500 27,900 37,500 59,400 62,400 57,000
Oil yield (kg ha) 95 135 205 220 195 93 125 198 208 190

Net return (Rs)

(i) Per hectare 11,450 20,750 38,605 42,307 34,860 13,216 20,340 39,015 41,367 35,810
(ii) Per rupee investment 0.68 1.05 1.69 1.79 1.47 0.90 1.98 191 1.97 1.69

T,=Control; T,=FYM 20 t ha™; T,=N:P:K 100:30:30 kg ha® + FYM 10 t ha™; T=N:P:K 133:40:40 kg ha + FYM 6.7 t ha; T=N:P:K 200:60:60 kg ha*
Labour wages @ Rs 60 man’! day"; oil price @ Rs. 300 kg™
Cost of nitrogen=Rs 10.65 kg’; phosphorus=Rs 17.50 kg'; potassium=Rs 7.33 kg

901
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Table 4. Economics of menthol mint cultivation under menthol mint-mustard cropping system (1997-98)

Cost of cultivation ha' ' Direct planted crop Transplanted crop
T, T, T, - T, T, T, T, T, T, T, |
A. Expenditure
Land preparation .800 800 800 800 800 800 800 800 800 800
Planting material 4500 4500 4500 4500 4500 1000 1000 1000 1000 1000
Planting charges o 650 650 650 650 650 - 750 750 750 750 750
Raising nursery | - - - - - 1100 1100 1100 1100 1100
Fertilizers . - 1500 2545 2893 3590 - o - 1500 2545 2893 3590
Irrigation 1750 1750 1750 1750 1750 1750 1750 1750 1750 1750
Weeding (manual) 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000
Plant protection and miscellaneous expenses 500 500 500 500 500 500 500 500 500 500
Distill.ation charges @ Rs 30 kg™ 2760 4140 6300 6690 5760 2730 3930 5940 6330 5520
Total expenditure 16,960 19,840 23,045 23,783 23,550 14,630 17,330 20,385 21,123 21,010
B.  Gross return (Rs ha™) | 27600 431,400 63000 66900 57,600 27,300 39300 54400 63,300 55,200
O1il yield (kg ha') » 138 210 223 192 91 131 198 211 184
C.  Net return (Rs)
(i) Per hectare 10,640 21,560 39,955 43,117 34,050 12,670 21,970 39,015 42,177 34,190
(ii) Per rupee investment 0.68 1.08 1.73 1.81 1.45 0.86 1.27 1.91 2.00 1.63

JUI JOYFUI U1 JUAASHUDIY JUIIINU PaTuLISau]

T =Centrol; T,=FYM 20 t ha; T,=N:P:K 100:30:30 kg ha? + FYM 10 ¢ ha?; T,=N:P:K 133:40:40 kg ha? + FYM 6.7 t ha'; T,=N:P:K 200:60:60 kg ha
Labour wages @ Rs 60 man™ day?; il price @ Rs. 300 kg*
Cost of nitrogen=Rs 10.65 kg”; phosphorus=Rs 17.50 kg'; potassium=Rs 7.33 kg

£0T
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0.73
0.88
0.70
0.75
0.73
NS

Zn (ppm)
PMP AHM PMP
9.55 598
1040 5.75
1.07 1935 6.15
8.35 6.00
3.45 NS

Fe (ppm)

1.i8

151.00 097 1168 7.18
15.20 NS

(kg ha)
137.33
169.70
14450 093

Available K

AHM PMP AHM
3080 165.60 12705 (.80
40.80 24035

192 .50

12.10

41.90 240.65
44.10 254.75

41.10
14.50

(kg ha™)
AHM PMP

Available P
0.054 16230 194.58 72.06

2250 8.50

Available N
(kg ha!)

15.20

(%)

AHM PMP AHM PMP AHM PMP AHM PMP AHM PMP

Total N
0140 0.163 183.76 20982 8113

0.152 0.171 209.40 263.86 8358
0.150 0.172 188.03 298.00 84.69
0.123 0.098 17658 220.18 74.13

0.099
0.012 0.080

OC (%)

030 033
033 043
0.35 046
039 0.44
032 033
0.03 0.09

EC
(dSm™)
0.55
0.70
0.68
0.75
0.65
NS

NS

7.19 0.19

736 0.15
726 0.18
734 0.16
728 0.22

NS

pH
FYM 20 t ha; T,=N::K 100:30:30 kg ha” + FYM 10 t ha; T,=N:P:K 133:40:40 kg ha” + FYM 6.7 t ha'; T.=N:P:K 200:60:60 kg ha"

8.16
8.18
8.16
8.13
8.24
0.07

after harvest of menthol mint (1996-97); PMP=prior to menthol mint planting. (1997-98)

0.05)

Control; T,

Table 5. Influence of combined application of FYM and NPK fertilizers on soil characteristics after harvesting of menthol mint (1996-%7) and prior to

planting of menthol mint (1997-98)

Treatment
CD (P
AHM

T'l

Chand et al.

ganic N, P and K was also reported earlier
(Chattopadhyay et - al. 1993 and
Chattopadhyay 1997). The treatments did not
significantly influence Fe and Zn contents in
the post-menthol mint soil.

Prior to menthol mint planting (1997-98)

Soil samples were also analysed prior to
planting of menthol mint during 1997-98
(Table 5). Soil characteristics such as electri-
cal conductivity, organic carbon, total and
available N and Fe increased during the sec-
ond year as compared to first year, whereas,
soil pH, available P, K and Zn decreased
during the second year.

After harvest of menthol mint (1997-98)

Data on major soil characteristics after har-
vest of menthol mint during 1997-98 indi-
cated significant effects of the treatments
imposed (Table 6). Soil pH in all the treat-
ments significantly decreased over control
and the highest decrease was recorded un-
der 133:40:40 kg NPK ha' + 6.7 t FYM ha™.
This could be attributed to organic acids
formed in soil due to organic matter addi-
tion and left over biomass remaining in soil
due to cropping. As a result of higher mi-
crobial activity on organic matter substrates
(Patra et al. 2000), acids are constantly being”
formed, which are responsible for lowering
the pH (Tamhane et al. 1970). No significant
change was recorded in electrical conductiv-
ity of soil but there was significant build up
of organic carbon due to imposition of dif-
ferent treatments over control and maximum
organic carbon was recorded under 20 t FYM
ha” and combined application of 133:40:40 kg
NPK ha? + 6.7 t FYM ha™ control. Total N
was significantly increased over control due
to different treatment combinations and
highest N build up was observed in com-
bined application of 100:30:30 kg NPK ha' +
10t FYM ha™. This could be attributed to ma-
nure and fertilizers applied prior to plant-
ing of menthol mint and subsequently addi-
tion of N due to leaf residue and sloughed
off tissues and debris of mint. Similar obser-
vations were made by Patra et al. (2002).
Varying influence of treatments was ob-
served on available N, P and K in post-har-
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Table 6. Influence of combined application of FYM and NPK on soil characteristics after harvest-

ing of menthol mint (1997 -98)

Treatment pH EC OC TotalN AvailableN Available P AvailableK Fe  Zn
{dSm™} (%) (%) (kg ha) (kg ha?) (kg ha'} (ppm) (ppm)
T, 8.06 015 030 0.049 174.02 51.15 135.30 1110 0.40
T, 703 013 048 0.159 214.02 67,10 180.95 16.45 0.82
T, 701 012 045 0.164 242.72 62.70 217.65 14.70  0.93
T, 698 015 048 0159 221.42 59.95 244.50 16.60 0.85
T, 706 016 035 0.065 187.07 92.95 167.20 17.35 (.59
CD (P=0.05) 0.06 NS 0.09 0.050 12.10 NS 25.20 2.85 0.38

T= Control T,=FYM 20 t ha'; T, NPKlOUSDSOkgha
ha‘ T, NPK2006060kgha

vest soil. Treatment differences with respect
to P was not significant; available N and K
increased significantly due to treatment im-
position. N increased by 39% with 100:30:30
kg NPK ha' + 10 t FYM ha! over control and
the increase in K was 80% with 133:40:40 kg
NPK ha' + 6.7 t FYM ha-'over confrol. DTPA
extractable Fe and Zn were significantly in-
- creased due to combined application of or-
ganic and inorganic fertilizers over applica-
tion of inorganic NPK alone and control.

The study indicated that integrated supply
of nutrients is a better proposition for sus-
taining productivity and soil fertility. Al-
though yields were marginally lower in trans-
planted (nursery raised) menthol mint com-
- pared to suckers planted directly in field, it
permits cultivation of winter season crop fol-
lowing a rice-wheat/ mustard-menthol mint
crop rotation.
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