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Meda (Polygonatum verticillatum) belongs to the family Liliaceae. It is an important ingredient of
Astvarga and known for its various medicinal uses. This is a herb which is used against many diseases
and as a tonic. Due to great market potential of this plant, it is harvested in uncontrolled way which is
causing the decline of the herb from its natural habitat. Thus, there is a need for its in-situ as well as,
ex-situ conservation and propagation. Hence, the present study was conducted by putting different
trials with different types of organic fertilizers and nursery beds to develop techniques for appropriate
harvesting and cultivation practices for sustainable utilization of this plant.
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INTRODUCTION

In recent years, increasing attention is being paid to
medicinal plant value both due to their economic and
conservation  concern (Dhar et al, 2000).
Overexploitation of rhizome and other parts for medicinal
use and consequent degradation of natural habitat are
reported to be the major threat to these plants. Many
species of Himalayan medicinal plants are considered as
most endangered and listed in Red Data Book of Indian
plants (Nayar and Sastary, 1987, 1988, 1990).

It has been envisaged earlier that a number of
medicinal plants of high importance are depleting at
alarming rate (Tewari and Bhattacharjee, 1975). Today,
due to strict legislation and laws for preparation of
authentic herbal medicines, the collection of desired
medicinal plant species and type is becoming more and
more difficult day by day (Anonymous, 1998). This is
more realistic in case of plants whose root- rhizomes are
used as ingredients for herbal medicine (Tiwari et al.,
1992). In the aforesaid circumstances, their in-situ
conservation and ex-situ production appears to be the
only remedy. The latest policies are also being framed in
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this direction. Polygonatum verticillatum is an important
ingredient of Astaverga and high value in medicinal herb
is one of these Himalayan medicinal plants.

P. verticillatum (Plate 1) belonging to the family
liliaceae, known as Meda Eng. whorled Solomons seal is
distributed in temperate Himalaya at an altitude ranging
between 2400 to 2800 m (Anonymous, 2008). Stem 2 to
4 feet, erect, angled and grooved, sometimes mottled.
Leaves in whorls of 4 to 8, sessile, linear, 4 to 8 x Y4 to
1/2 inch, or lanceolate, 3% x 3/4 inch, tips usually acute,
sometimes obtuse or slightly in rolled, lower surface
glaucous. Racemes whorled, 2 to 3 flowered. Perianth
1/3 inch, white, tinged with green. Berry 1/4 inch diameter
(Collett, 1971). Distributed from montane to alpine
Himalaya, Kashmir to Northeast States; Sikkim,
Southeast Tibet, West Asia and Europe (Gaur, 1999) in
temperate Himalayas at an altitude ranging between
2400 to 2800 m (Chauhan, 1999).

Used in diseases of Children, jaundice (Sharma et al.,
1999) roots are eaten raw or cooked and powder is given
in gastric complaints, paste applied on wounds (Gaur,
1999). Bala Ghrita, Mahapadmaka Taila, Triphaladi
Ghrita are some of its important formulations (Sharma et
al., 1999).

General information on P. verticillatum is also available
in the literature (Gaur, 1999; Anonymous, 1969).
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Plate 1. Different stages of Polygonatum verticillatum (L.) Allioni: (A) in cultivated stage (B) fruiting (C) flowering (D) harvested rhizome.

Previous work in the cultivation of P. verticillatum was
done by Nautiyal and Nautiyal in 2004 in the Garhwal
Himalaya. Here, we are presenting the agro- technique of
this highly valuable and rare (Nautiyal and Nautiyal, 2004)
medicinal plant which may be fruitful in future for farmers
and medicinal plant growers. The main objective of our
study is ex-situ conservation of this valuable herb as well
as, upliftment of the economy of hill people by its
cultivation.

MATERIALS AND METHODS

Germplasm of P. verticillatum has been collected from the nearby
wild sources of Almora and Nainital district of Uttarakhand, India
just before the onset of its dormancy. Only a small part of rhizome
was uprooted for planting and the remaining part was lifted in the
wild sources for further growth to avoid exploitation. Materials

collected from these wild sources were planted at Medicinal Plant
Garden of Central Council for Research in Ayurveda and Siddha
(CCRAS), Ranikhet (29° 38' 60N, 79° 25' OE). The garden is
situated at an altitude of 1700 m and surrounded by thick pine
forest, characterized by Deodar, Myrica, Rhododendron, Quercus
and Shrubs like Berberis, Rubus sp. Crataegus sp. etc.

The land was dug up or ploughed twice or thrice until a fine tilth
was obtained and then different types of experimental beds namely;
plain beds and beds with rows and furrows of 1m? area were
prepared. Before plantation, these nursery beds were
supplemented with different types of organic fertilizers. Three types
of organic fertilizers namely; farmyard manure, forest litter and
vermicompost were used to see their effect on the survival, growth
and yield. The fertilizers at 60 qut/ha) were added in the beds in two
doses, before plantation (at the time of bed preparation) and after
sprouting (Nautiyal and Nautiyal, 2004)). In order to study the effect
of fertilizers and nature of nursery beds on survival, growth, yield
and other related parameters the experiment was designed in
Randomize Block Design (RBD) with a total of twelve treatment
combinations along with a control set and each treatment was
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replicated three times. Previous studies shows that rhizome section
is the best planting material for cultivation other than seed because
the planting material raised by the seeds takes more time for crop
maturity as well as, production (Nautiyal and Nautiyal 2004;
Anonymous, 2008). A total 324 rhizome sections of about 1.5 to
2.00 inches long were selected. Before plantation, rhizomes were
washed with natural spring water of Medicinal Plant Garden and
dipped in cow’s urine overnight to prevent them from soil borne
diseases as suggested in “VARKSHAYURVEDA” (Vijyalashmi and
Shyam, 1993). In morning hours those rhizome were cut into
transverse sections at the intermodal portion with at least two
nodes within each section and each rhizome section was planted
laterally in different types of nursery beds on 15" November, 2007.
A total of nine rhizome sections were planted in each bed. A row-
to- row and plant- to-plant distance of 30 cm was followed by
sowing the rhizomes. In all the treatments, irrigation was done at
regular intervals through natural spring water (heavy metal free),
depending upon weather condition and moisture requirements of
the soil. The crop was irrigated once a week during dry months.
During the dormancy period, irrigation was done in every twenty
days. The beds were kept free from weeds manually.

To observe the yield, underground parts (rhizomes) from one
replication of each treatment were uprooted at the end of each
growing season for two consecutive growth seasons. These
rhizomes were properly washed with running water to remove soil
particles. Fresh weight was taken after removing rootlets. These
rhizomes were then cut into small slices and kept in the partial
shade for drying. After complete drying, dry weight of these
rhizomes was taken. Data were recorded on both pre- harvest and
post- harvest agronomic characters namely; days to sprout, days to
flower, number of whorls, plant height, fresh weight of rhizomes,
and dry weight of rhizomes and rate of fresh weight of rhizomes
increased. Observations were recorded in 15 days interval.
Statistical analysis was carried out to calculate mean values and
correlation between different morphological traits. Standard
deviation and ANOVA was calculated by Excel 2007 and correlation
was calculated by using Karl Pearson’s method (Kothari, 2005).

Intercultural operations

The following fertilizer doses and spacing was used to standardize
the agro-technique for commercial cultivation of this herb:

Design: Randomized Block Design (RBD)
Fertilizer: S;- Forest Litter

S,- Vermi Compost

Ss- FYM (Farmyard Manure)

S,4- Control
(Quantity of fertilizer: 600 gm per bed at 60 qut/ha)

Nursery Beds: B;- Plain
Bz- Rows
Bs- Furrows

Replications: 3
Spacing: - 30 X 30 cm.

No. of Treatment Combinations: 4 x 3 =12
Total No. of Plots: 36

Plot size: 1 x 1 square meter
No. of rhizome cuttings planted in each bed: 9

RESULTS

Data analyzed for mean values showed that in the first

year of cultivation P. verticillatum (Table 1) takes about
163.56 to 178 days to sprout from the date of plantation
and flowering was not observed. The percentage of
survival was observed 100% in all type of beds. Average
height 40.41 cm per plant, average number of whorls
8.44 per plant, fresh weight of rhizomes harvested 5.89
qut/ha, dry weight of rhizomes obtained 1.53 qut/ha and
rate of fresh weight of rhizomes increased 197.40% was
observed maximum in the bed T3 (furrows + forest litter)
and average plant height 22.77 cm per plant, average
number of whorls 4.44 per plant, rate of fresh weight of
rhizomes increased 92.12% was observed minimum in
the bed Ty, (row + control) while fresh weight of rhizomes
harvested 3.89 qut/ha and dry weight of rhizomes
obtained 1.00 qut/ha was observed minimum in the bed
Tg (row + FYM). In the first year of cultivation of P.
verticillatum ANOVA was found significant for all the pre-
harvest and post- harvest agronomic characters viz. days
to sprout, avg. height per plant (cm), average number of
whorls per plant, fresh weight of rhizomes harvested
(qut/ha), and dry weight of rhizomes obtained (qut/ha)
with F value (20.85, 107.65, 20.39, 9.77, and 9.52
respectively at p < 0.001); fresh weight of rhizomes
planted (qut/ha) with F value (2.40 at p < 0.05) and rate
of fresh weight of rhizomes increased (%) with F value
(3.05atp<0.01).

In the second year of cultivation (Table 2), this plant
takes about 158.11 to 171.11 days to sprout and 171.33
to 190 days to flower from the date of dormancy and
100% survival was recorded in all type of beds. Average
height 45.28 cm per plant, average number of whorls
9.72 per plant, fresh weight of rhizome harvested 16.33
qut/ha dry weight of rhizomes obtained 4.30 qut/ha and
rate of fresh weight of rhizomes increase 709.75% was
observed maximum in the bed T3 (furrows + forest litter)
and average plant height 25.70 cm per plant, average
number of whorls 5.61 per plant, fresh weight of rhizomes
harvested 8.17 qut/ha, dry weight of rhizomes obtained
2.15 qut/ha and rate of fresh weight of rhizomes
increased of rhizomes 271.67% was observed minimum
in the bed Ti; (row + control). In the second year of
cultivation, ANOVA was found significant for days to
sprout, days to flower, average height per plant (cm),
average number of whorls per plant, fresh weight of
rhizomes harvested (qut/ha), dry weight of rhizomes
obtained (qut/ha) and rate of fresh weight of rhizomes
increased (%) with F value (11.65, 13.62, 51.02, 14.36,
27.55, 27.54 and 11.36 respectively at p < 0.001);
whereas it was found non- significant for fresh weight of
rhizomes planted (qgt/ha) with F value (1.70 at p > 0.05).

In the third year of cultivation (Table 3), this plant takes
about 159.11 to 168.89 days to sprout and 170.11 to
186.67 days to flower from the date of dormancy and
100% survival was recorded. Average height 46.76 cm
per plant, average number of whorls 11.33 per plant,
fresh weight of rhizomes harvested 22.49 qut/ha, dry
weight of rhizomes obtained 5.91 qut/ha and rate of fresh
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Table 1. Shows pre-harvest and post-harvest agronomic characters of Polygonatum- verticillatum under different types of nursery beds and fertilizer treatments for | year of cultivation.

Pre- harvest agronomic characters Post- harvest agronomic characters

Fresh weight of Fresh weight of Dry weight of Rate of fresh weight

Beds Treatments Spacing % 9f Days Days Avg. height/ Avg. no. of rhizomes rhizomes rhizomes of rhizomes

(cm) survival 10 sprout to flower plant (cm) whorls/plant o hied (qui/ha)  harvested (qut/ha)  obtained (qut/ha) increased (%)
T1 Plain + Litter 30 x 30 100 171.78 + 2.77 NIL 31.62 + 2.37 6.33+1.47 2.34+0.21 5.49+0.77 1.41+0.19 135.91 + 34.27
T, Row + Litter 30 x 30 100 163.56 + 2.83 NIL 27.81 +£1.46 5.00+1.44 241+0.24 5.15+0.70 1.35+0.19 114.07 £ 28.31
Ts Furrow + Litter 30 x 30 100 165.00 + 4.58 NIL 40.41 + 2.17 8.44 +1.28 2.06 + 0.38 5.89 + 0.36 1.53+0.10 197.40 £ 72.80
Ta Plain + Vermi 30 x 30 100 168.00 + 3.20 NIL 30.34 £ 1.67 6.19 + 1.49 2.29+0.28 5.23+0.74 1.36 +0.19 134.24 + 61.38
Ts Row + Vermi 30 x 30 100 174.11 + 3.48 NIL 26.40 £ 2.53 470+ 1.38 1.97 +0.36 3.98+0.72 1.03+0.18 111.94 + 70.07
Te Furrow + Vermi 30 x 30 100 171.11 + 2.52 NIL 38.66 + 3.15 8.26 +1.75 2.04+0.42 5.50+0.58 1.42 +0.16 178.02 + 57.98
T, Plain + F.Y.M. 30 x 30 100 168.11 + 2.98 NIL 29.95 + 2.69 5.93+ 2.00 2.25+0.29 5.05+0.47 1.30+0.13 129.91 £ 51.06
Tg Row + F.Y.M. 30 x 30 100 173.00 + 3.57 NIL 26.13 +£2.81 452 +1.60 1.95+0.33 3.89 +0 .49 1.00+0.12 106.49 + 53.62
To Furrow + F.Y.M. 30 x 30 100 176.00 + 2.87 NIL 34.41 + 3.09 7.15+1.73 2.00+0.40 5.14+0.44 1.34+0.12 166.98 + 59.21
Tio Plain + Control 30 x 30 100 178.00 + 3.00 NIL 28.79 + 2.56 511+1.76 2.37+0.24 520+ 0.51 1.35+0.13 122.70 + 44.31
T Row + Control 30 x 30 100 177.11 + 2.52 NIL 2277 +£2.14 4.44 +1.37 2.27+0.31 4.25+0.75 1.11+0.20 92.12 +48.09
T Furrow + Control 30 x 30 100 176.00 + 2.78 NIL 32.23+3.45 6.44 + 1.58 2.19+0.33 5.32+0.55 1.38+0.15 147.03 £ 42.72

DF 11 - 11 11 11 11 11 11
ANOVA MS 205.72 - 710.58 51.08 0.25 3.58 0.24 8744.30
F-value 20.85*** - 107.65*** 20.39*** 2.40* Q.77+ 9, 52%*x 3.05**

Abbreviations: Significant levels (* = P<0.05; ** = P<0.01; *** = P<0.001).

Table 2. Shows the pre-harvest and post-harvest agronomic characters of Polygonatum- verticillatum under different types of nursery beds and fertilizer treatments for Il year of cultivation.

Pre- harvest agronomic characters Post- harvest agronomic characters

Spacing % of Days to Avg. height/ Avg. no. Fresh weight Fresh_ weight of Dry yveight of _Rate of fr_esh
Beds Treatments . Days to sprout of whorls/ of rhizomes rhizomes rhizomes weight of rhizomes
(cm) Survival flower plant (cm) plant planted (qt/ha) harvested (qut/ha) obtained (qt/ha) increased (%)
T, Plain + Litter 30 x 30 100 168.44 £5.20 184.78 £ 4.76 34.77 £1.96 744 +1.29 2.32+0.23 12.13+1.71 3.19+£0.44 430.85 + 114.15
T, Row + Litter 30 x 30 100 161.33+2.78 182.78 £ 4.49 29.22 £2.22 6.00 + 1.37 229+0.27 10.21 +1.38 2.68+0.35 351.27 £ 79.40
Ts Furrow + Litter 30 x 30 100 158.11 + 3.48 171.33+3.08 45.28 +1.23 9.72+1.27 2.0 +£50.34 16.33 £ 1.01 4.30+0.26 709.75 £ 136.77
T4 Plain + Vermi 30 x 30 100 162.00 £ 2.78 183.00 * 3.57 33.03+1.38 7.28+1.45 1.98+0.39 12.50 + 1.77 3.28 £0.47 536.36 + 104.94
Ts Row + Vermi 30 x 30 100 167.44 £ 2.60 186.11 + 2.93 28.98 +2.34 5.89+1.13 1.95+0.39 14.58 + 2.63 3.86£0.73 661.14 + 177.25
Te Furrow + Vermi 30 x 30 100 166.33 + 3.28 180.33+3.81 41.53 +2.09 8.28+1.64 1.97+0.35 14.45 + 1.55 3.80+£0.39 658.93 + 180.91
T, Plain + F.Y.M. 30 x 30 100 163.11+2.93 184.89 + 3.06 31.33+2.70 6.83+1.89 2.22+0.30 12.72 +1.17 3.33+£0.30 483.10 £ 102.01
Ts Row + F.Y.M. 30 x 30 100 166.89 + 2.37 184.89 + 2.98 27.60 £ 2.31 572+ 1.64 215+0.34 8.18+1.01 2.16+0.28 290.21 £ 97.04
To Furrow + F.Y.M 30 x 30 100 167.33+3.04 182.33+ 3 .32 38.48 +1.23 8.22+1.44 2.28+0.28 15.68 + 1.37 4.12+0.35 603.81 + 157.98
Tio Plain + Control 30 x 30 100 167.11+ 4.04 183.33 + 3.50 30.54 + 2.08 6.56 + 1.76 2.30+0.25 12.19+1.21 3.21+0.32 439.53 + 111.77
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Table 2 Contd.

T Row + Control 30 x 30 100 171.11 + 3.55
T2 Furrow + Control 30 x 30 100 169.44 + 2.83
DF 11
ANOVA MS 128.78
F-value 11.65%**

190.00+ 3 .12 25.70 + 2.22 5.61+1.46 2.23+0.31
182.33+3.77 37.60 + 2.43 7.89+1.88 2.28+0.27
11 11 11 11
174.47 644.97 33.84 0.17
13.62%+* 151.02%** 14.36*** 1.70™

8.17+1.43 2.15+0.38 271.67 £ 90.65
14.51 +1.52 3.85+0.39 555.42 + 162.94
11 11 11
65.19 4.53 194213.08
27.55%+ 27.54%x 11.36***

Abbreviations: Significant levels (* = P<0.05; ** = P<0.01; ***P<0.001); NS = non significant.

Table 3. Shows the pre-harvest and post-harvest agronomic characters of Polygonatum- verticillatum under different types of nursery beds and fertilizer treatments for 11l year of cultivation.

Pre- harvest agronomic characters

Post- harvest agronomic characters

Rate of fresh

. ) Avg. no. Fresh weight of Fresh weight of Dry weight of ;
Beds Treatments Spacing % (.)f | Za)rlcSJJ? 2%’;;? Avlg'n??(':%?)t/ of whorls/ rhizom%s rhizom%s rhizo?/nes gbtained \r,\rlﬁlz%r:;gsf
(cm) survival p p plant planted (qut/ha)  harvested (qut/ha) (qut/ha) increased (%)
T, Plain + litter 30 x 30 100 166.11 + 4.94 183.00+5.24 37.27+£2.15 8.67+1.12 2.21+0.31 18.69 £ 1.97 492 +0.52 768.16 £ 192.70
T, Row + litter 30 x 30 100 159.33+3 .91 180.00 + 4.44 32.68 + 1.63 7.11+0.93 2.33+0.21 16.27 £ 2.10 4.32+0.56 601.54 + 89.97
Ts Furrow + litter 30 x 30 100 159.11 + 5.40 170.11+3.41 46.76 + 1.02 11.33+1.12 2.06+0.41 22.49 +1.92 591+0.50 1028.02 + 208.53
Ts Plain + vermi 30 x 30 100 163.78 + 4.58 182.00 + 4.00 35.69 + 1.38 8.00+0.71 2.29+0.22 18.32 £ 2.15 4.80+0.56 707.71 £ 129.63
Ts Row+ vermi 30 x 30 100 166.33 + 4.03 185.00 + 3.00 31.52 +2.04 7.22+0.83 2.03+0.39 19.55 + 2.89 5.14+0.76 896.85 + 234.16
Te Furrow + vermi 30 x 30 100 164.11 + 3.89 178.33+3.94 43.29 + 2.23 10.22 £ 0.83 1.96 £ 0.38 19.36 £ 1.62 5.15+0.43 922.67 £ 205.97
T7 Plain + F.Y.M. 30 x 30 100 160.00 + 3.67 181.89+3.52 33.41+2.28 7.56 £ 0.88 2.36 £ 0.22 17.42 £ 1.34 459+0.35 642.67 £ 70.65
Ts Row + F.Y.M. 30 x 30 100 165.00 + 3.57 183.44 +2.88 30.60 £ 2.11 7.00 £ 0.87 2.00+0.34 12.72 £ 1.38 3.31+0.36 558.56 + 158.48
To Furrow + F.Y.M. 30 x 30 100 164.22 + 4.99 183.22 + 3.49 40.39 +1.28 9.33+0.71 2.39+0.23 21.05 + 2.03 549+ 0.53 791.20 + 136.97
Tio Plain + control 30 x 30 100 164.89 + 4.20 182.22 + 4.09 33.1+71.96 7.33+0.87 2.30+0.24 17.31+£1.28 452 +0.34 658.55 + 101.74
T Row + control 30 x 30 100 168.89 + 4.68 186.67 + 5.07 28.12 £ 2.35 6.67 £ 0.71 2.00+0.34 12.77 £ 0.94 3.34+£0.25 557.34 £122.18
Ti2 Furrow + control 30 x 30 100 168.00 + 3.61 181.00 + 3.12 38.18 £ 2.12 9.00+£0.71 2.15+0.27 19.44 £ 1.49 5.15+0.39 814.98 £ 120.32
DF 11 11 11 11 11 11 11 11
ANOVA MS 92.55 156.27 18.90 0.23 77.97 5.49 206331.76
F-value 4,94 10.17*** 73.05*** 25.12%** 2.46™ 23.34*** 23.75%** 8.50***

Abbreviations: Significant levels (* = P<0.05; ** = P<0.01; ***P<0.001); NS = non significant.

weight of rhizomes increased 1028.02% was
observed maximum in the bed T; (Furrows +
Forest litter) and average plant height 28.12 cm
per plant, average number of whorls 6.67 per
plant, rate of fresh weight of rhizomes increased

557.34% was observed minimum in the bed Ti;
(row + control) while fresh weight of rhizomes
harvested 12.72 qut/ha and dry weight of
rhizomes obtained 3.31 qut/ha was observed
minimum in the bed Tg (row + FYM). In the third

year of cultivation ANOVA was found significant
for days to sprout, days to flower, average height
per plant (cm), average number of whorls per
plant, fresh weight of rhizomes harvested (qut/ha),
dry weight of rhizomes obtained (qt/ha) and rate
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Variable Days to Avg.height Avg. no. of Fresh weight of rhizomes  Fresh weight of rhizomes  Dry weight of rhizomes Rate of fresh weight of
sprout  /plant (cm) whorls/plant planted (qut/ha) harvested (qut/ha) obtained (qut/ha) rhizomes increased (%)

Days to sprout 1.00

Avg. height/plant 034 1.00

(cm)

Avg. no. of -0.31 0.98 1.00

whorls/plant

Fresh weight of

rhizomes planted -0.17 -0.28 -0.27 1.00

(qut/ha)

Fresh weight of

rhizomes harvested -0.40 0.80* 0.80* 0.33 1.00

(qut/ha)

Dry weight of

rhizomes obtained -0.40 0.79* 0.79* 0.34 1.00* 1.00

(qut/ ha)

Rate of fresh weight

of rhizomes -0.28 0.99* 0.98* -0.33 0.77* 0.77* 1.00

increased (%)

DF=10; p= 0.05; r=0.576.

of fresh weight of rhizomes increased (%) with F
value (4.94, 10.17, 73.05, 25.12, 23.34, 23.75,
and 8.50 respectively at p < 0.001); whereas it
was found non- significant for fresh weight of
rhizomes planted (qut/ha) with F value (2.46 at p >
0.05).

Correlation in morphological traits

In the first year of cultivation of P. verticillatum

(Table 4) average height/plant (cm) showed
significant positive correlation with average
number of whorls/plant, fresh weight of rhizomes
harvested (qut/ha), dry weight of rhizomes
obtained (qut/ha) and rate of fresh weight of
rhizomes increased (%) (r = 0.98, 0.80, 0.79 and
0.99 respectively at p = 0.05). Average number of

whorls/plant was significant and positively
correlated with fresh weight of rhizomes harvested
(qut/ha), dry weight of rhizomes obtained (qut/ha)
and rate of fresh weight of rhizomes increased
(%) (r = 0.80, 0.79 and 0.98 respectively at p =
0.05). Fresh weight of rhizomes harvested
showed perfect significant positive correlation
withdry weight of rhizomes obtained (qut/ha) (r =
1.00 at p = 0.05) and it was significantly and
positively correlated with rate of fresh weight of
rhizomes increased (%) (r = 0.77 at p = 0.05) and
dry weight of rhizomes obtained (qut/ha) was
significantly and positively correlated with rate of
fresh weight of rhizomes increased (%) (r = 0.77
at p = 0.05).

In the second year of cultivation (Table 5) days
to sprout showed significant positive correlation
with days to flower (r = 0.71 at p = 0.05). Days to

flowering showed significant negative correlation
with average height/plant (cm), average number
of whorls/plant, fresh weight of rhizomes
harvested (gt/ha), dry weight of rhizomes obtained
(qut/ha) and rate of fresh weight of rhizomes
increased (%) (r = -0.85, -0.85, -0.65, -0.65 and -
0.65 respectively at p = 0.05). Average
height/plant (cm) was significantly and positively
correlated with, average number of whorls/plant,
fresh weight of rhizomes harvested (qt/ha), dry
weight of rhizomes obtained (qut/ha) and rate of
fresh weight of rhizomes increased (%) (r = 0.98,
0.81, 0.81 and 0.78 respectively at p = 0.05).
Average number of whorls/plant was significantly
and positively correlated with fresh weight of
rhizomes harvested (qut/ha), dry weight of
rhizomes harvested (qut/ha), dry weight of
rhizomes obtained (qut/ha) and rate of fresh
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Table 5. Correlation between different morphological traits of Polygonatum verticillatum for Il year of cultivation.

Fresh weight of

Fresh weight of

Dry weight of Rate of fresh

: Daysto Daysto Avg. height/ Avg. no. of . . . . .
Variable rhizomes planted rhizomes rhizomes weight of rhizomes
sprout flower plant (cm) whorls/plant (qut/ha) harvested (qut/ha) obtained (qut/ha) increased (%)
Days to sprout 1.00
Days to flower 0.67* 1.00
Avg. height/plant (cm) -0.36 -0.80* 1.00
Avg. no. of whorls/plant -0.29 -0.79* 0.99* 1.00
Fresh weight of rhizomes 0.39 0.09 -0.03 0.14 1.00
planted (qut/ha)
Fresh weight of rhizomes -0.30  -0.59* 0.83* 0.80* 0.20 1.00
harvested (qut/ha)
Dry weight of rhizomes 031 -0.60* 0.83+ 0.80* 0.19 1.00% 1.00
obtained (qut/ ha)
Rate of fresh weight of 014 -0.64* 0.82 0.84* -0.28 0.88* 0.89* 1.00

rhizomes increased (%)

weight of rhizomes increased (%) (r =0.80, 0.80
and 0.74 respectively at p = 0.05). Fresh weight of
rhizomes planted showed significant but negative
correlation with rate of fresh weight of rhizomes
increased (%) (r = -0.58 at p = 0.05). Fresh weight
of rhizomes harvested showed prefect significant
positive correlation with dry weight of rhizomes
obtained (qut/ha) (r = 1.00 at p = 0.05) and it was
significantly and positively correlated with rate of
fresh weight of rhizomes increased (%) (r = 0.96
at p = 0.05) and dry weight of rhizomes obtained
(gt/ha) was significantly and positively correlated
with rate of fresh weight of rhizomes increased
(%) (r = 0.96 at p = 0.05).

In the third year of cultivation (Table 6) days to
sprouting showed significant positive correlation
with days to flower (r = 0.67 at p = 0.05). Days to
flowering showed significant negative correlation
with avg. height/plant (cm), avg. no. of
whorls/plant, fresh weight of rhizomes harvested
(qut/ha), dry weight of rhizomes obtained (qut/ha)
and rate of fresh weight of rhizomes increased

(%) (r = -0.80, -0.79, -0.59, -0.60 and -0.64
respectively at p = 0.05). Average height/plant
(cm) was significantly and positively correlated
with average number of whorls/plant, fresh weight
of rhizomes harvested (qt/ha), dry weight of
rhizomes obtained (qut/ha) and rate of fresh
weight of rhizomes increased (%) (r = 0.99, 0.83,
0.83 and 0.82 respectively at p = 0.05). Average
number of whorls/plant was significantly and
positively correlated with fresh weight of rhizomes
harvested (qut/ha), dry weight of rhizomes
obtained (qut/ha) and rate of fresh weight of
rhizomes increased (%) (r = 0.80, 0.80 and 0.84
respectively at p = 0.05). Fresh weight of
rhizomes harvested showed perfect significant
positive correlation with dry weight of rhizomes
obtained (qut/ha) (r = 1.00 at p = 0.05) and it was
significantly and positively correlated with rate of
fresh weight of rhizomes increased (%) (r = 0.88
at p = 0.05) and dry weight of rhizomes obtained
(qut/ha) was significantly and positively correlated
with rate of fresh weight of rhizomes increased

(%) (r = 0.89 at p = 0.05). (Figure 1)

DISCUSSION

In all type of beds prepared in rows, furrows and
plain, the yield was found to be lower under
control beds as compared to litter, farmyard
manure and vermi compost. In control conditions,
minerals are not enough for proper growth and
development of plants. Chauhan and Nautiyal
(2005) found that economic yield increased with
addition of manure (FYM) in all treatments as
compared to control. Addition of 5 to 10 tons/ha of
FYM was added to resolve nutritional problems of
various hill crops and deteriorating physical
condition of soil (Chauhan and Bhatt, 2000). In our
study, plants grown under different treatments
showed much higher economic yield as compared
to control beds. However, yield was highest at T3
(furrow + forest litter) as compared to other beds,
this difference may be due to low level of mineral



Table 6. Correlation between different morphological traits of Polygonatum verticillatum for 11l year of cultivation.
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Davs to Davs to Avg. AVG. 0. of Fresh weight of Fresh weight of Dry weight of Rate of fresh
Variable s ):out flgwer height/plant whogr.ls/ iant rhizomes planted rhizomes rhizomes obtained  weight of rhizomes
P (cm) P (qut/ha) harvested (qut/ha) (qut/ ha) increased (%)
Days to sprout 1.00
Days to flower 0.71* 1.00
Avg. height/plant(cm) -0.37 -0.85* 1.00
Avg. no. of whorls/plant -0.40 -0.85* 0.98* 1.00
Fresh weight of rhizomes
planted (qtha) 0.38 0.34 -0.28 -0.23 1.00
Fresh weight of rhizomes -0.29 -0.65* 0.81* 0.80* -0.33 1.00
harvested (gt/ha)
Dry weight of rhizomes ) ) " . " ) "
obtained (qt/ ha) 0.28 0.65 0.81 0.80 0.33 1.00 1.00
Rate of fresh weight of -0.33 -0.65* 0.78* 0.74* -0.58* 0.96* 0.96* 1.00

rhizomes increased (%)

DF=10; p= 0 .05; r= 0.576. DF=10; p= 0.05; r= 0.576.

1200

1000

|l year of cultivation
800 -
600 -
400
200 -
, 1l 1A il
T1 T2 13 T4 15 16 17 T8 T T11 T12
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w |l year of cultivation
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Figure 1. Showing rate of fresh weight of rhizomes increased under experimental cultivation of P.

verticillatum in different types of treatments for first, second and third year.
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nutrient in the soil. Application of FYM and forest litter in
cultivated field is traditional practices in Kumaun
Himalaya for the better yield and production. Several
workers (Patidar and Mali, 2001; Saharan et al., 2001;
Kasera and Sharan, 2002) also found increase in
biomass production with the use of FYM in different
crops, while in our study highest increment in biomass is
obtained with the use of forest litter. Higher economic
yield in manure as well as, litter beds could become
possible only due to availability of essential mineral
nutrients, which were needed for growth and
development of the plants. Addition of manure, forest
litter and vermi compost increased moisture content of
soil and retained it for quite some time. It also improved
physical, chemical and microbial properties of soil and
thereby its productivity. Increased soil fertility enhanced
vegetative growth of plants and additional food got stored
in underground rhizomes, which improved economic yield
of plants. Ramamurthy et al. (1998); Phirke (2001) and
Sharma (2002) also supported the addition of biofertilizer
for improvement of soil quality. Several studies have
shown that application of organic fertilizers also reduces
the incidence of soil-borne diseases and pathogens
(Faqir et al., 1995; Vanlauwe et al., 1996; Sarathchandra
et al., 2001; Graham and Haynes, 2005).

Generally, spacing treatment does not have any
significant effect on economic yield. Spacing shows effect
on biomass when population density increased at per unit
area and plants compete for space, moisture, mineral
nutrient or sunlight. But during short period of three
years, spacing could not show significant difference in
economic yield production due to low density during two-
year growth, therefore we used same spacing during two
growth seasons. However, spacing will certainly affect
economic vield in latter stages of development due to
increase in above ground and below ground surface area
per plant in per unit area. Maturity stage is 7 to 8 years
for high altitude species and maximum gain can be
obtained by fully matured plants (Rai et al., 2000;
Nautiyal et al., 2002b). Such study will require long time
for fruitful result due to long maturation time.

Conclusion

From the present study, it may be concluded that the Tj
beds that is to say, beds with plantation in furrows and
supplemented with forest litter shows best morphological
growth and maximum vyield in comparison to other
treatments. The use of organic fertilizers can increase
soil fertility and enhance vegetative growth of plant
without leaving any harmful residue in the soil as well as
in harvested rhizomes which improves quality and yield.
The study shows that yield increased with addition of
organic fertilizers in all treatments compared to control
and the beds with plantation in furrows, supplemented
with forest litter shows best morphological growth and

maximum yield in comparison to other treatments. Thus,
cultivation of P. verticillatum (L.) Allioni should be done in
beds with rows and furrows (plantation in furrows) and
supplemented with forest litter.
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