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A study was undertaken for two consecutive years to assess the possibility of optimizing rhizome yield of Acorus calamus L. (sweet
flag) by shifting the time of planting (i.e., growing in rainy and autumn seasons), maintaining different spacings, and harvesting in
different months. Significantly higher yields of A. calamus were recorded when seeded in autumn (13150 kg ha−1) than rainy
(6570 kg ha−1) season. Harvesting of crop after 12 months gave maximum rhizome yields of 16470 kg ha−1 and 9370 kg ha−1

respectively during autumn and rainy seasons. A similar trend was also noticed in various yield components (i.e., length, width and
weight of rhizome). Closer planting (20× 20 cm, 30× 20 cm) gave significantly higher rhizome yield (8620 kg ha−1, 8120 kg ha−1)
than wider spacing 40 × 40 cm (7030 kg ha−1). This study illustrated the possibility of optimizing rhizome yield of A. calamus by
manipulation in the time of planting and harvesting as well as maintaining proper plant spacing.

1. Introduction

Rice is grown as major staple food for 2.7 billion people in
Asia alone [1]. Rice (Oryza sativa Linn.) ecosystem occupies
a preeminent place in Indian agriculture constituting nearly
67% of the net cultivated area [2]. Among agricultural crops,
rice is the only predominantly grown crop in waterlogged
soil. However, rice cultivation has its own limitation due
to association of several problems, that is, no planting is
possible if monsoon delayed, failure of crop if flood occurs,
zinc deficiency for rice and following season crop, and use
of huge quantity of hazardous pesticides for the control of
several insect-pests and diseases, also rice soil is considered
as one of the important sources of large-scale CH4 emission
[3]. Waterlogged soils affected with aeration stress constitute
about 5.7% of total land area and 10.3% of total net sown
area in India. These lands are either lying vacant or having
very low productivity of rice [3]. Several pulses and oil seed
crops have been tried as main crops and intercrops during
the kharif seasons with irrigated rice ecosystem but none
of the crop is found suitable in producing higher yield than
rice due to continuous submergence for longer period [4].

After rice harvest sufficient moisture is maintained in the
field for a longer period. This situation can be efficiently
utilized to grow some other crops having longer duration in
or intercropping system with rice.

In the recent years, medicinal plants are being grown as
main crops and intercrops with rice under irrigated condi-
tion to accrue more economic return from the same field
[5]. Sweet flag (Acorus calamus L.) may be grown successfully
without much loss in productivity due to its photo thermal
insensitive nature, ability to withstand soil aeration stress,
and other desirable characters like type of crop produce
(rhizome and leaves) [3]. Inclusion of this herb in water-
logged area will help in crop diversification with inherent
ability to grow under extremes of high soil moisture and
limit the problem of excess water. Its economic importance
is increased when products for the pharmaceutical sector are
considered [6–8]).

Acorus calamus L., commonly known as sweet flag,
belongs to the family Araceae (Adoraceae). The genus Acorus
is derived from “Acoron” (coreon = the pupil of the eye)
and the species calamus is derived from the Greek word
“Calamos” (a reed). It is commonly known as Bach in India.
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This perennial herb, which is indigenous to central Asia,
India, and the Himalayan region, is found commonly on the
banks of streams and in damp marshy places. Bach has a
cylindrical rhizome with a diameter of 3 to 4 cm. The plant
changes from pale green to pink as it matures. The leaf scars
are brown, white, and spongy. The plant possesses slender
roots, and its leaves are few and distichously alternate [9].
The rhizome of A. calamus has various medicinal properties.

The rhizome is the source of an essential oil, which is a
unique source of oxygenated sesquiterpenes of great struc-
tural variety and responsible for significant antibacterial,
antifungal, and insecticidal properties [10]. Apart from the
terpenes, a few commonly occurring steroids and xanthones
had also been reported. It was also used as a constituent of
polyherbal formulation, namely herbal multiaction skin gel,
which was found to be effective against a variety of specific
and nonspecific dermatitis and maggot wounds [11]. The
alcoholic extract of A. calamus rhizome exhibited potent
antiviral activity against herpes viruses, that is HSV-1 and
HSV-2 [12]. The ethanolic extract of the rhizome is used as
antiulcer agent that inhibits gastric secretion and protects
gastroduodenal mucosa against the injuries caused by pyloric
ligation in rats [13]. β-asarone isolated from the volatile
fraction of A. calamus was found to exhibit anticarcinogenic
action on ED50 of SGC cells at a dose level of 25 mcg/ml [14].

Extractives of A. calamus rhizome for calamus oil are
widely used now in pharmaceuticals and traditional systems
of medicines for a number of ailments and in perfumes [15].
Thus, it is a common item in the international drug market
and the raw material is originated from the natural wild
populations [16]. Due to the indiscriminate collection of the
plant materials from forest, its wild population levels are
rapidly decreasing. McAlpine and Warrier [17] reported that
sweet flag belongs among the endangered medicinal plants
and its population was reported to be decreasing rapidly.
This catastrophic decrease of sweet flag populations calls for
an immediate conservation of its genetic resources and for
starting targeted sweet flag field cultivation so that the raw
material demand can be satisfied. A. calamus is cultivated
throughout India, up to altitudes of about 2200 m [18]. It is
known that improvement of crop cultivation technology for
local climatic and edaphic factors is imperative for successful
crop production.

A. calamus is a annual long-day plant with life cycle of
one year in general. It can yield 10–12 tons of rhizomes per
hectare as a sole crop [19, 20]. Date of sowing plays a major
role in the accumulation of growing degree days (GDDs)
and photo thermal units (PTUs) from sowing to maturity of
crop. Daily GDD and PTU values are added together from
the beginning of the season, providing an indication of the
energy available for growth. GDD and PTU are the energy
terms obtained by air temperatures and bright sunshine
hours and are used for comparing growth progresses, esti-
mating crop development stages and harvest time. GDD
is the number of temperature degrees determining propor-
tional crop growth and development, whereas PTU repre-
sents the product of GDD and the possible sunshine hours
that are potentially influenced by the geographical region.

The different crop developmental stages are completed once
a given number of GDDs or PTUs are reached [21].

Keeping in mind the above perspectives, the present
investigation has been undertaken aiming to optimize the
rhizome yield under good crop management and favorable
agroclimatic conditions. The objectives of this study were to
determine the influence of planting date, harvesting date, and
planting space on rhizome yields.

2. Materials and Methods

The field experiments were carried out at the experimental
farms of Thakur Chhedilal Barrister College of Agriculture
and Research Station, Bilaspur, Chhattisgarh, India during
cropping seasons of 2006-07 and 2007-08. The experimental
farm is located at 22◦9′12′′ north latitude, 82◦12′12′′ east
longitude, and at an altitude of 292.3 m MSL. The climate
of Bilaspur is subhumid. The air temperature varies from
a minimum of about 4.6◦C (in December-January) to a
maximum of about 45.0◦C (in May). The relative humidity
ranges from about 12.0 during May to 92.0 during July-
August. Average annual rainfall is 1250 mm, of which 82%
is received during June to September [22]. Mean monthly
meteorological data during the experimental period is
presented in Table 1. The two set of experiments, influence
of seasons and harvest time and influence of spacing, were
based on rhizome yield and yield-dependant parameters
of A. calamus and performed for two consecutive years,
2006-07 and 2007-08. In the first set of experiments, the
crop was planted in rainy season (crop period, July to June)
and autumn season (crop period, January to December)
with plant spacing of 30 cm × 30 cm and harvested after 7,
8, 9, 10, 11, and 12 months after planting. In the second set
of experiments the crop was planted in autumn season with
different spacings 20 × 20 cm, 30 × 20 cm, 30 × 30 cm, 40 ×
30 cm, and 40 × 40 cm and harvested after 10 months
after planting (Figure 3). The field experiments were laid
out in all sides bunded plots of 3.85 m × 3.5 m with three
replications in randomized block design. Farm yard manure
was uniformly (@ 1000 kg ha−1) applied at the time of field
preparation. Crop was fertilized with nitrogen, phosphorus,
and potassium in ratio of 100 : 40 : 40 kg ha−1. Yield (kg ha−1)
and yield-attributing characteristics (plant−1) (i.e., length
(cm), width (cm), and weight (g) of rhizome) for each
treatment were recorded. The gathered data were statistically
analyzed to determine treatment differences [23].

The Agrometeorological indices GDD and PTU were
computed based on weather data. The GDD was calculated
following the procedure as described by McMaster and Wil-
helm [24], while PTU was calculated by using the equation
given by Wilsie [25]:

GDD =
(

(Tmax + Tmin)
2

)
− Tbase,

PTU =(GDD× L),

(1)

where Tmax and Tmin are the daily maximum and minimum
air temperature (◦C) and Tbase is the base temperature (◦C),
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Table 1: Mean monthly weather data of Bilaspur, Chhattisgarh, India (Year 2006–2008).

Parameter Year
Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2006 28.2 33.2 33.0 38.6 40.1 38.5 30.2 30.1 42.2 32.4 29.8 28.0

MAX 2007 27.9 29.4 32.9 39.0 40.4 37.5 30.1 31.3 31.5 31.1 29.2 27.5

2008 27.5 27.4 34.8 39.1 41.7 34.3 32.2 31.7 32.3 32.1 30.1 29.3

2006 10.2 13.8 17.9 21.7 25.9 26.4 24.8 24.4 24.3 19.9 16.4 12.1

MIN 2007 11.1 14.7 17.6 22.1 25.0 26.4 24.6 24.3 24.4 18.9 14.2 11.6

2008 11.8 11.6 18.2 21.0 25.4 25.1 25.0 25.1 24.1 19.4 15.3 12.0

2006 87.0 83.0 82.0 67.0 63.0 75.0 91.0 92.0 91.0 92.0 91.0 92.0

SS 2007 8.9 9.0 9.4 9.5 9.3 5.8 4.2 3.8 5.0 8.8 11.7 8.6

2008 8.2 8.1 8.6 10.2 9.3 3.2 3.9 4.1 7.0 8.8 7.7 8.5

2006 3.0 4.1 4.8 6.5 7.1 6.6 3.0 3.0 3.6 3.6 2.6 2.5

EVP 2007 2.8 3.7 4.9 6.4 6.9 6.5 3.2 2.9 3.1 3.3 2.8 2.4

2008 2.6 3.1 4.7 6.4 8.3 4.6 3.9 3.4 3.8 3.3 2.7 2.4

2006 0.0 0.0 45.8 12.8 67.0 67.6 353.6 299.8 130.2 11.6 1.4 0.0

RF 2007 0.0 77.4 48.6 10.2 22.4 218.2 341.8 461.8 118.4 12.0 0.0 0.0

2008 1.4 14.6 12.6 29.6 4.4 280.2 165.4 241.0 213.8 15.4 6.4 0.0

2006 0.0 0.0 8.0 3.0 3.0 6.0 17.0 20.0 10.0 2.0 1.0 0.0

RD 2007 0.0 2.0 2.0 2.0 6.0 13.0 18.0 20.0 12.0 1.0 0.0 0.0

2007 1.0 2.0 2.0 2.0 2.0 17.0 19.0 17.0 10.0 1.0 1.0 0.0

Source: Agro-Meteorology Observatory of TCB College of Agriculture and Research Station (IGKV), Bilaspur, Chhattisgarh, Inida.
MAX is the maximum temperature (◦C), MIN is the minimum temperature (◦C), RH is the relative humidity (%), SS is the sunshine hour (hr/day), EVP is
the evaporation, RF is the rainfall (mm), and RD is the rainy days.

below which crop development stops, and L is the maximum
possible sunshine hours.

3. Results and Discussion

The results of experiment 1 are shown in Tables 2 and 3.
Data obtained from two years of experimentation indicated
that there was a significant (P ≤ 0.05) increase in rhizome
yield and yield-attributing parameters (i.e. rhizome length,
rhizome width, and rhizome weight) of A. calamus harvested
7 months and 12 months after planting in both the
cropping seasons (Figure 1). The highest rhizome yields
(16850 kg ha−1) was measured when the crop was seeded in
the autumn of 2007-2008 and harvested 12 months later.
The lowest yields (3430 kg ha−1) were observed when it was
seeded in the rainy season of 2006-2007 and harvested 7
months later.

Data presented in Table 2 indicated that the crop planted
in autumn season had double rhizome yield (13150 kg ha−1)
on average when compared to the crop planted in rainy sea-
son (6570 kg ha−1). Increase in rhizome yield during autumn
season might be due to prevailing favorable optimum
meteorological conditions during the entire crop season. The
higher rhizome yield recoded for planting in autumn might
be due to greater physiological activities of plants in the
presence of greater amount of bright sunshine and other
favorable meteorological parameters. There was significant
increase in rhizome yield of A. calamus harvested between 7
months and 12 months. However, yields of 11 months and
12 months were almost equal and statistically nonsignificant
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Figure 1: Rhizome yield of Acorus calamus (sweet flag) harvested
at different durations over two seasons and two years. Bars indicate
CD0.05 within the same treatment and year.

during both seasons (Table 2; Figure 1). Percent increase
in yield, based on the mean yield of two years, revealed
a declining trend between 7-8 (22.3%) months and 10-11
(7.2%) months after planting and then an increase at 11-12
months after planting (20.3%) during the rainy season. In
autumn the percent increase in rhizome yield was the highest
(27.3%) at 8-9 months followed by 11-12 (20.3%) months
after planting, whereas the minimum increase (5.3%) was
at 9-10 months after planting (Figure 2). A close scrutiny
of Figure 2 and long-term mean weather data revealed that
percent increase in rhizome yield was higher when the crop
received either cooler air temperatures or rain. For example,
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Table 2: Rhizome yield of Acorus calamus (sweet flag) harvested at different durations over two seasons and years.

Harvest time
Seasonal rhizome yield (kg/ha)

Rainy Autumn

2006-2007 2007-2008 Mean 2006-2007 2007-2008 Mean

At 7th month 3430 4720 4080 8120 8500 8310

At 8th month 4840 5660 5250 9710 10450 10080

At 9th month 6890 5780 6340 12600 15110 13860

At 10th month 7300 6560 6930 13640 15610 14630

At 11th month 7850 7080 7470 14910 16140 15530

At 12th month 11350 7390 9370 16080 16850 16470

Trial Mean 6940 6200 6570 12510 13780 13150

C.D. at 5% 1355 528 1679 2161

C.V. 10.73 4.69 8.61 8.76

Table 3: Yield-dependant parameters of Acorus calamus (sweet flag) harvested at different durations over two seasons and years.

Harvest time

Seasonal rhizome yield parameters plant−1

Rainy Autumn

2006-2007 2007-2008 Mean 2006-2007 2007-2008 Mean

L B W L B W L B W L B W L B W L B W

At 7th month 61.8 1.4 0.2 58.9 1.2 0.3 60.4 1.3 0.3 61.2 1.4 0.4 63.5 1.5 0.6 62.4 1.5 0.5

At 8th month 69.1 1.3 0.2 63.9 1.2 0.4 66.5 1.3 0.3 63.0 1.5 0.5 62.0 1.8 0.7 62.5 1.7 0.6

At 9th month 75.4 1.4 0.3 67.6 1.3 0.5 71.5 1.4 0.4 74.5 1.6 0.6 81.4 1.8 0.7 78.0 1.7 0.7

At 10th month 76.6 1.5 0.3 72.2 1.4 0.5 74.4 1.5 0.4 88.1 1.6 0.8 103.9 1.9 1.0 96.0 1.8 0.9

At 11th month 92.2 1.5 0.4 81.9 1.4 0.5 87.1 1.5 0.5 98.6 1.7 0.7 115.3 2.0 0.9 107.0 1.9 0.8

At 12th month 97.6 1.6 0.5 89.5 1.5 0.6 93.6 1.6 0.6 101.9 1.7 0.8 114.2 2.0 0.9 108.1 1.9 0.9

Trial Mean 78.8 1.4 0.3 72.3 1.4 0.5 75.6 1.4 0.4 81.2 1.6 0.6 90.1 1.8 0.8 85.7 1.7 0.7

C.D. at 5% 17.9 0.2 0.1 15.3 0.5 0.1 16.6 0.4 0.1 5.9 0.1 0.1 9.7 0.1 0.2 7.8 0.1 0.2

C.V. 12.5 7.0 9.1 10.1 5.9 8.8 11.3 6.5 9.0 4.9 4.0 8.2 5.9 2.4 10.8 5.4 3.2 9.5

L: length (cm), B: width (cm), and W: weight (kg).

7-8 and 8-9 months after planting in both of the seasons
over two years experienced a higher percent yield increase,
which signifies the period between January-February (lower
temperature) and July-August (rainy days). Similarly, higher
percent yield increase in autumn season at 11-12 months
after planting signifies the colder period between November-
December. Pooled data on rhizome yield, irrespective of
season and year was highest (12920 kg ha−1) when harvested
after 12th months (Table 2) followed by 11th months
(11490 kg ha−1). Thus, the trends indicated that the crop
requires at least a maximum period of 11-12 months to
produce optimum rhizome yield. Shifting the time of plant-
ing from rainy season to autumn season had a significantly
greater impact on the crops yield potential. Meteorological
data presented in Table 1 indicated that the crop planted in
autumn season received a higher number of sunshine hours
and high temperature, which led to optimum growth of the
plant, which resulted in an increase in rhizome yield.

Data on yield-contributing characteristics of A. calamus
indicated that the autumn season was more productive than
the rainy season over two years of cropping, which was in
correlation with the findings on bulk rhizome yield discussed
earlier (Table 3). Perusal of Table 3 depicted that mean
rhizome length plant−1, width plant−1, and weight plant−1
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Figure 2: Percent increase in rhizome yield (kg ha−1) at different
harvest transitions, calculated based on the mean value of individual
cropping seasons (rainy and autumn).

were all higher in autumn season compared to rainy season.
Moreover, pooled data across seasons and years revealed
that all yield-dependant parameters, that is, rhizome length
plant−1, width plant−1, and weight plant−1, were significantly
higher (P ≤ 0.05) from the crop harvested after 12 months
(Table 3) during autumn season of 2007-08. Similarly,
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Figure 3: View of experimental plot ((A) at planting; (B) after 3 months; (C) after 6 months; (D) after 12 months) and different spacing
treatments ((a) 20 × 20 cm; (b) 20 × 30 cm; (c) 30 × 30 cm; (d) 30 × 40 cm; (e) 40 × 40 cm).

significantly higher yield of paddy was also recorded during
autumn season than rainy season [26].

Growing degree days (GDDs) and photo thermal units
(PTUs) estimated from the crop planted in autumn season
and rainy season and harvested in different months indicated
that both the parameters were found to be on higher side
during autumn season and led to higher rhizome yield
(Table 5). Meteorological data presented in Table 1 indicated

that the crop planted in autumn season received higher
number of sunshine hours and high temperature, which led
to optimum growth of the plant that resulted in an increase
in rhizome yield. Two years and single-season (autumn)
results presented in Table 4 show that there was a significant
(P ≤ 0.05) effect of plant spacing on the growth and rhizome
yield of A. calamus. The highest rhizome yield (8740 kg ha−1)
was recorded in 30 × 20 cm spacing in 2007-08 followed
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Table 4: Rhizome yield and yield-dependant parameters of Acorus calamus (sweet flag) planted with different spacings and harvested in
single season over two year.

Spacing
Rhizome yield parameters in autumn season plant−1 Rhizome yield in autumn season (kg/ha)

2006-2007 2007-2008 Mean

L B W L B W L B W 2006-2007 2007-2008 Mean

20 × 20 cm 83.8 1.5 0.4 95.2 1.6 0.9 89.5 1.6 0.7 8660 8570 8620

30 × 20 cm 80.9 1.5 0.4 93.3 1.5 0.9 87.1 1.5 0.6 7500 8740 8120

30 × 30 cm 78.7 1.4 0.3 90.8 1.4 1.0 84.7 1.4 0.7 6470 6410 6440

40 × 30 cm 74.3 1.5 0.4 91.5 1.4 1.0 82.9 1.4 0.6 6910 6060 6490

40 × 40 cm 77.5 1.4 0.4 84.1 1.4 0.9 80.8 1.4 0.7 6390 7660 7030

Trial Mean 79.0 1.5 0.4 91.0 1.5 1.0 85.0 1.5 0.7 7190 7490 7340

C.D. at 5% 6.8 0.6 NS 7.0 0.5 NS 6.9 0.5 NS 1170 1000 1260

C.V. 4.1 26.6 7.7 4.8 11.2 5.9 4.4 8.1 7.3 9.2 7.5 8.4

L: length (cm), B: width (cm), and W: weight (kg).

Table 5: Growing degree days (GDDs) and photo thermal units (PTUs) accumulation of Acorus calamus (sweet flag) as influenced by
staggered harvesting over two seasons and years.

Harvest time
GDD from planting to harvesting PTU from planting to harvesting

Rainy Autumn Rainy Autumn

2006-2007 2007-2008 Mean 2006-2007 2007-2008 Mean 2006-2007 2007-2008 Mean 2006-2007 2007-2008 Mean

At 7th month 3911 3670 3791 4008 3939 3974 46831 44003 45417 49612 48793 49202

At 8th month 4365 4122 4244 4705 4672 4688 51750 48896 50323 58809 58455 58632

At 9th month 4846 4548 4697 5411 5399 5405 57180 53709 55444 67787 67692 67740

At 10th month 5476 5221 5349 6096 6093 6095 64698 61744 63221 76077 76074 76075

At 11th month 6244 5980 6112 6714 6734 6724 74352 71294 72823 83149 83406 83277

At 12th month 7106 6865 6985 7208 7263 7235 85639 82891 84265 88538 89173 88855

Mean 5325 5068 5196 5690 5683 5687 63409 60423 61916 70662 70599 70630

by 20 × 20 cm spacing (8660 kg ha−1) in the previous year
2006-07 (Table 4). The least yield was recorded in 40 ×
30 cm spacing (6060 kg ha−1) during 2007-08 followed by
40 × 40 cm spacing (6390 kg ha−1) during 2006-07. It was
found that planting of A. calamus in close spacings (20 ×
20 cm and 30 × 20 cm) brought significantly greater yield
than wider spacings (40 × 40 cm and 40 × 30 cm) over
two years. However, the mean rhizome yield was higher
in 2007-08 than the preceding year, which may be due to
better weather conditions for crop production (Tables 1 and
4). Yield increase was earlier reported in narrow spacings
for soybeans [27–29]. Similarly, Ahmed and Rahman [30]
reported that plant spacing significantly affects the yield of
turmeric rhizome. One of the benefits of higher plant density
associated with the use of narrow spacing is its contribution
to earlier canopy closure, which makes weed control easier
by increasing competition between the crop and weeds. The
significant increase in yield of A. calamus rhizomes under
closer spacing may solely be ascribed on the function of
higher plant density per unit area of land and as the spacing
increased, yield reduction of rhizome was experienced by the
crop leading to slight yield increase in the widest spacing.
Similar findings were observed by Sashidhar et al. [31].
Yield-dependant components were significantly (P ≤ 0.05)
higher in closer spacing (20 × 20 cm), giving good growth of

A. calamus over two years. This was evident by the pooled
maximum rhizome length plant−1 (89.5 cm), width plant−1

(1.6 cm), and weight plant−1 (0.7 kg) which were recorded in
20× 20 cm versus other spacings. Least pooled values of yield
components were recorded in wider spacing (40 × 40 cm),
that is, length plant−1 (80.8 cm), width plant−1 (1.4 cm), and
weight plant−1 (0.7 kg). Trial means of two years showed that
rhizome length plant−1, width plant−1, and weight plant−1

were higher in 2006-07 than in 2007-08 (Table 4). In 2006-
07, rhizome length plant−1 recorded from spacing 30 ×
20 cm and 40 × 40 cm was almost equal and statistically
nonsignificant, whereas in 2007-08, the same was observed
between spacing 30× 40 cm and 40× 40 cm. Rhizome width
plant−1 and weight plant−1 were not significant (P ≤ 0.05)
among the treatments. Bahadur et al. [32] reported that close
spacing caused taller plant height and brought significantly
higher yield of rhizome of Curcuma longa var. Sinduri.

The present investigation illustrated substantial yield
increase of Acorus calamus rhizome by planting the crop in
closer spacing and by harvesting the plants after one year.
The study also suggested the planting of Acorus calamus in
autumn season to obtain greater yield. Moreover, the yield-
contributing characteristics of the rhizomes also showed a
similar trend. These findings are of prime importance for
increasing rhizome yield of Acorus calamus in favorable soil
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conditions, particularly in India. The study also laid a strong
foundation for the conservation of this important ethno-
medicinal plant species, which is used worldwide.
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