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Abstract

An ex-situ experiment was conducted to evaluate. the growth performance of six
medicinal plant species (Bergenia ciliata, Crocus sativa, Dioscorea deitoidea, Paeonia
emodi, Polygonum amplexicaule and Viola serpense) at four different locations in upper
Swat valley during 2000-2001. The altitude of these locations ranged from 1200 to 1900
m.a.s.|. Suitability of ex-situ cultivation of these medicinal plant species and their
economic feasibility was also worked out. The highest mean survival percentage of 80.7
across location ‘was observed for V.sérpense followed by 58.7 % for C. sativa. All the
remaining four species exhibited very poor survival percentage. Except for V. serpense
which revealed a decrease in sprouting percentage with increase in altitude, all other
species indicated a positive relationship with altitude. More or less an increased trend in
flower yield with increasing altitude for C. sativa and V. serpense was also observed.
Cultivation of only two species, C. sativa and V. serpense, under farmland conditions at
upper Swat appeared successful and economically viable.
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Introduction

Any plant that contains chemical substances in one or more of its parts
like root, leaves, stem, flower, fruit or seed which can be used for therapeutic
purposes or serve as starting material for chemical pharmaceutical synthesis is
medicinal plant (Khan, 1991). Man has been using various plants to cure
diseases and provide relief from sufferings since time immemorial. The primitive
people of all ages had knowledge of medicinal plants which they acquired as a
result of long experience of trial and error. The knowledge is still alive and many
of the plants are still used as herbal remedies in indigenous medicine system
(Khan, 1985). Lange (1998) reported that some medicinal and aromatic plants
like Lavendula spp, Carum carvi, Foeniculum vulgare, Thymus vulgare, Althaea
_ rosea etc. are cultivated over an estimated area of 70,000 ha in the European
Union and playing a significant role in its economy.
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Similarly, 100 species of medicinal plants are currently in cultivation in
Peruvian Amazon region. Some of them are processed for making powders,
ointments and other plant extracts. Goel et al. (1997) studied ex-situ
conservation of Encephalortus species in botanical garden at Lakhnawo, India.
They evaluated their economic value, horticultural importance, propagation,
cultivation, ecology and conservation needs. Joshi and Rawat (1999) reported
that medicinal and aromatic plants of alpine and sub-alpine areas of North-West
Himalayas had been rapidly depleted and becoming rare due to deforestation,
over-grazing and over-exploitation. They recommended an urgent need for ex-
situ and in-situ conservation of such endangered medicinal plant species in
various parts of Himalayan regions including Swat.

Traditionally forests and rangeland are the main sources of medicinal
plants in Pakistan. However, heavy and persistent extraction of medicinal plants
has resulted in depletion of existing population of many valuable species. At
present most of them can be seen growing scattered in remote areas (Hussain
and Sher, 1998). Khan (1989) has reported that medicinal species such as
Dioscorea deltoidea, Saussurea lappa and Colchicum luteum were rapidly
depleting and would become endarigered in the near future. Being wild
vegetation, their management and cultivation was neglected in the past. This
factor too accelerated wiping out of medicinal plant species. However growing
awareness about the importance of medicinal plants at national and international
level has urged for conservation and cultivation of these valuable plant species.
In Pakistan, a few attemps have been made for ex-situ cultivation of condiments
and spices. For instance, Zaidi (1998) has conducted trials for ex-situ cultivation
of 14 condiments and spices in various parts of Punjab and in plains of NWFP.
Likewise, he also worked on the cultivation of Althaea rosea in Peshawar valley.

Nevertheless, too limited information is available on the cultivation aspect
of medicinal plant species in district Swat an area rich with such type of
vegetation. The present study was therefore, initiated to evaluate the cultivation
prospects of important medicinal plant species, viz. Bergenia ciliata, Crocus
sativa, Dioscorea deltoidea, Paeonia emodi, Polygonum amplexicaule and Viola
serpense and to assess their economic feasibility for their commercial cultivation.

Materials and methods

A field study was conducted for ex-situ cultivation of 6 medicinal plant
species namely, Bergenia ciliata, Crocus sativa, Dioscorea deltoidea, Paeonia
emodi, Polygonum amplexicaule and Viola serpense at four locations on farmers’
fields in high altitudes of Swat valley during 2000-2001. The locations were
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Gurrha, Chinkoli, Shingrai and Biakand with altitudes of 1200, 1400, 1600 and
1900 meters above sea level (m.a.s.l), respectively. Selection criteria of plant
species were 1) they have high commercial value and over exploited in the area
2) becoming rare due-to indiscriminate destruction of their natural habitat
because of urbanization, 3) the local people were interested in their cultivation.
The- criteria for selection of sites were 1) people in these locations were
interested in cultivation of medicinal plants, 2) in the vicinity an area under in-situ
study was existed for comparison and reference and 3) these locations had well
managed forest plantation as well as altitudinal variation (1200 to 1900 m.a.s.l.).

Rhizomes of Paeonia emodi, Bergenia ciliata, Polygonum amplexicaule
and Dioscorea deltoidea were collected from the Shinko alpine pasture of
Madyan. Furnished planting material was sown in the following day of field
collection. The rhizomes were cut into small pieces (4 to 6 cm in size) with 2 to 3
active buds. Viola serpense was collected from village Biakand (its natural
habitat) and replanted in the experimental plots. Bulbs of Crocus safiva were
obtained from Agricultural Research Station, Mastung, Quetta during September,
2000 and planted in the experimental sites soon after shifting.

The plot size for each species was consisted of 3 X 3 meters at each
location. - Planting was carried out during mid-September, 2000 on a well
prepared soil mixed with Farm Yard Manure. For Crocus sativa' and Viola
serpense, plant to_plant distance was 4 cm and row to row 8 cm. For the
remaining four species row-row and plant-plant distance was 30 cm and 15 cm,
respectively. Soil analysis of each location was also carried out in the Soil
Testing Laboratory of Agricultural Research Station, North Mingora, Swat.

Weeds were controlled by hand picking and hoeing during December,
2000 and April - May, 2001. Data were recorded for various parameters like
number of days for 50 % sprouting, sprouting percentage, survival percentage,
number of days from sprouting to flowering, plant height and yield of useable
plant parts (rhizomes, shoots.. leaves, flowers etc.). Harvesting of C. sativa and
V. serpense was done during the months of April - May, 2001 while rhizomatous
species, i.e. P. emodi, B. ciliata, P. amplexicaule and D. deltoidea were
harvested in September - October, 2001.

Data were analyzed statistically using analysis of variance (ANOVA)
procedures for multi-location experiment by MSTAT-C computer program.
Individual means were compared using Least Significant Difference (LSD) test at
5 % probability level (Steel and Torrie, 1980).
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Economic analyses of yield data were carried out to determine the net
income for each medicinal plant species using prevallmg market rates for land
rent, costs of production and prices of useable plant parts of respective plant
species. Two most widely cultivated cereal crops, viz. wheat & maize and a cash
crop, tobacco were included for economic comparison.

Results

Data regarding plant growth, flowering and ‘yield for six medicinal plant
species under farm land conditions at four locations in Swat and their means
across locations are presented in tables 1 to, 5. Medicinal plant species varied
significantly among themselves for sprouting duration and sprouting percentage
within and among locations (Table 1 ). Although, most species took longer time
to sprout at higher altitudes than that of low altitudes but that difference was
statistically non-significant. A similar trend for increased sprouting percentage
was also observed with respect to altitudinal height except V. serpense which
showed a decreasing trend with the increment of altitude.

C. sativa took mean minimum number of days (29 days) and was
significantly different from other test spec.as. Sprouting duration of this species
was the least (25 days) at Shingrai. The highest mean sprouting of 80% was
observed for P. amplexicaule followed by V. serpense (75 %) and significantly
different from all other under trial species. D. deltoidea, P. emodi and B. ciliata
displayed very poor sprouting, i.e. 3.7 %, 6.2 % and 8.5 %, respectively.

Significant difference among species for survival after sprouting was
observed (Table 2). V. serpense exhibited the highest survival (mean 81.8 %)
followed by C- sativa (mean 58.7 %) and were significantly different from all
other-test speaes. Survival percentage of D. deltoidea, B. ciliata and P. emodi
was very poor under farmland conditions (0.2 %, 1.7 % and 3.7 %, respectively)
across the locations.

Overall significant difference was recorded among species for days to
flowering after sprouting (Table 3). C. sativa and P. amplexicaule were
significantly” late in flowering as compared to other species. A general trend of
delayed flowering of species with increase in altitude was found. -

- Variation among species for plant height was sngntf icantly high across the
locations as well as within a location (Table 4). P. amplexicaule had the highest
mean value of 37.2 cm followed by P. emodi Plant height of. these two etc.
species was comparatively more at Chinkoli and Shingrai as compared to other
two locations. C. sativa attained a maximum plant height of 19 cm at Shingrai.
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Yield data (rhizome, flower and leaf/shoot) for the six medicinal plant at
four test locations are given in table 5. Due to poor sprouting and/or no survival,
no rhizome yield for D. deltoidea at any of the four sites was obtained. Similarly,
P. emodi failed to give any rhizome yield at 3 out of 4 sites. Whereas, Bergenia
ciliata was found to have no rhizome at two locations (Chinkoli & Biakand). In
case of P. amplexicaule yield was a reverse trend in exhibited. Maximum (1386
kg "1) and minimum (853 kg ha™') rhizome yield, was recorded at 1900 m.a.s.|
and 1200 m.a s ., respectively. Moreover, flower yield of V. serpense increased
from 373 kg/ha at 1200 m.a.s.| (Gurrha) to 533 kg/ha at 1900 m.a.s.| (Biakand),
while there was no such trend of increased flower yield with altitude was evident
in C.sativa. Escalation of shoot/leaf yield of V. serpense with increasing in
altitude was similar to its flower yield.

Results of economic analyses of the data indicated that only two out of -
six medicinal plant species (C. sativa with net income of Rs. 18,930 and V.
serpense with net income of Rs. 27,810) had higher net income than that of
cereal crops (Rs.13,440 net income for maize and Rs.15000 for wheat).
However, all the test species were less profitable than the cash crop (tobacco).

Table 1. Days to sprouting and sprouting percentage for different plant
species at four locations under farmland conditions at Swat.
[ Species Days to Sprouting Sprouting Percentage
Locations Locations
Gurrha | Chin | Shingrai | Biakand | ‘Means | Gurtha | Chin | Shingrai | Biakand | Means
koli - koli - J
| B ciliata 160 160 170 ° 165 164" 4 5 5 ] 20 85
C. sativa 35 l 35 25 20 299_ 20 70 0 40 556.0°
| D. deltoidea | 170 [ 170 150 190 170%® 0 3 o 5 37"
| P emodi I 160 165 165 175 166 5 5 5 1o 6.2°
P 165 175 175 175 373 70 80 80 90 800"
amplexicaule : -
| V. serpense 170 175 175 180 178° 20 75 75 60 75.0% |
b = ]
. LSD . 11.58 22 Z!_B_J

Figures in the mean coloumn sharing same alphabets are non-significant amung
themselves (P.0.05).
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Table 2. Survival peri:entage of different medicinal plant species at
locations under farmland conditions at Swat

Plant Species Locations
Gurrha | Chinkoli | Shingrai | Biakand | Means
Bergenia ciliata - 6 0 1 0 1
Crocus sativa 57 17, ° 17 90 | sar
Dioscorea deltoidea’ - 0 0 1 0 0.2°
Paeonia emodi 0 0 0 15 3.7°
Polygonum amplexicaule 15 10 15 20 15.0°
Viola serpense 84 80 88 75 81.8°
LS : 19.19

Figures in the mean coloumn sharing same alphabets are non-significant among
themselves (P.0.05).

Table 3. Number of days to flowering after sprouting of different medicinal

plant species at four locations under farmland conditions at Swat
Plant Species & Locations
Gurrha | Chinkoli | Shingrai | Biakand | Means
Bergenia ciliata 18 0 ias 0 10.0°
Crocus sativa 35 35 35 30 35_&.7’
Dioscorea deltoidea 0 0 0 0 0.0°
Paeonia emodi 0 0 0 30 7.5°
Polygonum amplexicaule 25 . .38 25 40 31.3°
Viola serpense 10 ° 10 10 15 11.3°
L.S.D (0.05%) 1335

Figures in the mean coloumn sharing same alphabets are non-significant among
themselves (P.0.05).
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Table 4. Plant height (cm) of different medicinal plant species at four
locations under farmland conditions at Swat :
Plant Species Locations
Gurrha _| Chinkoli | Shingrai | Biakand | Means |
Bergenia ciliata 15 0 20 0 8.8°
Crocus sativa 13 13 19 15 15.0*
Dioscorea deltoidea 0 0 0 0 0.0°
Paeonia emodi 0 0 0 70 17.5%
Polygonum amplexicaule 35 40 40 .35 312"
Viola serpense 11 15 18 14 14.5%
L.S.D (0.05%) : 23.42

Figures in the mean coloumn sharing same alphabets are non-significant among

themselves (P.0.05).

Table 5. Rhizome / flower / Shoot yield (kg/ha) of different medicinal plant
species at four locations under farmland conditions at Swat
Plant species Plant Locations
Organ Gurrha | Chinkoli | Shingrai | Biakand | Means
Bergenia ciliata Rhizome 96 0 49 0 36.3
Crocus sativa Flower 21 16 24 - 16.5
Dioscorea deltoidea Rhizome 0 0 0 0 0.0
Paeonia emodi Rhizome 0 0 0 90 225
Polygonum Rhizome 853 1066 709 1386 1003.5
amplexicaule :
Viola serpense Flower 873 320 533 426 413.0
Viola serpense Shoot/Leaf | 1066 746 1280 960 .1013.0
LSD : 23.42
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Economic analysis of yield data of different medicinal plant

species versus Cereal and Cash crops at four different locations
under farmland conditions at Swat

Plant Species Yield Sale Income/ha | Cost/ha Net
(kg/ha) Rate (Rs/kg) (Rs/ha) income
(Rsikg) (Rs/ha)
A. Medicinal Plants :
B. ciliata 90 30 2700 31680 -28980
C. sativa 24 3000 72000 53070 18930
D. deltoidea 0 30 0 31680 -31680
| P_emodi 90 20 1800 31680 -29880
\_P._amplexicaule _ 1386 20 27720 31680 -3960
| V. serpense 5331280 | 100" 4.8° | 59444 31680 | 27764
{ B. Cereal Crops :
| Maize : 5760 8 46080 32640 13440
Wheat 4800 10 48000 33000 15000
C. Cash Crop
Tobacco | 2162 | 30 | e4860 | 34000 |

* Flower Yield

$: Sale_Rate of Shoot

Table 7.

chations at Swat.

**- Leaf/Shoot Yield #:

30860

Sale Rate of Flower

Physical and chemical properties of soils of four experimental

' Location | Altitude | CaCO; | Organic | PH | Textural WHC N P K

L (mas.l) | - Matter Classes (%) | (%) | (%) | (%)

Gurrha 1200 0.27 361 7.3 | Sitloam | 23.11 5042 |53

Chinkoli 1400 0.49 4.91 7.0 | Sitloam | 2224 |69 |69} 7.

Shingrai 1600 0.86 231 | 7.5 | Sandy 21.20 36|37 |44
loam

Biakand 1900 0.36 4.62 7.4 | Sitloam | 19.11 B2 11T T

WHC - Water Holding Capacity

Discussion

The differential sprouting percentage and number of days from sowing to
sprouting of medicinal plant species at four locations indicate that habitat factors
such as altitude, temperature, soil, water, air and time of sowing generally affect
the germination. All of the test species have taken more time for sprouting at the
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higher elevations than at fower elevations. This- agrees with the results of
Onwuerne (1973) who stated that D. deltoidea and B. ciliata sprouted late at high
altitude due to snow and cool weather conditions. The present findings are also
in agreement with those of Goel, et al. (1997) who reported that D. deltoidea, C.
luteurn and B. ciliata sprouted in early spring at high altitude when the air and
soil temperatures were low. The study shows that C. sativa has taken minimum
number of days for sprouting in sandy loam soil and maximum number of days in
silt clay soil. Similar results were obtained by Khan (1998) who reported that
sandy soil and dry climate is more suitable for saffron cultivation.

In present study, V. serpense indicates better sprouting percentage in
early spring (March/ April). These findings agree with those of Khan (1989) and
Zaidi (1998) who reported that seed germlnat|onlsprout|ng of several Umbellifers
and V. serpense responded positively to cold temperatures in the early spring.
The sprouting percentage of D. deltoidea, B. ciliata and P. emodi under farmland
conditions is poor. These results disagree with those of Verlet and Leclerog
(1997) who reported that farmland habitats are favorable and suitable for some.
meducmal plants like V. officinale and R. serpentiana. This descripancy of results
may be due to dlfferent plant species and ecologlcal conditions.

Among six medlcmal plant species, D. deltoidea, B. ciliata and P. emodf
almost fail to survive under farmland conditions nearly &t all test locations. This
might be due to shallow and poor soil and non availability of the nursing species’
that are commonly present in nature (in-situ conditions). Joshi and Rawat (1999)
also observed that alpine medicinal plants such as C. /uteum, D. deltoidea and
P. emodi prefer to grow in forest habitat having humus rich soils and high
moisture content. Khan (1989) reported that perennial medicinal plant species
like Lavetaria, Dioscorea, Saussurea and Podophyllum grow best in humus rlch
soil with high pH value. -

The under trial medicinal plant species flower earlier in lower elevations
than that at higher elevations. Lower temperatures at higher elevations can be
the plausible explanation for delayed flowering of these species. The present
findings are in corroboration with those of Thakur and Bhatt (1980) who reported
that plants remain dormant for longer period and exhibit delayed flowering
primarily due to low temperatures at higher elevations. Zaidi (1998) reported that
low temperature treatment delay flowering in Althaea rosea. Our findings also
conform with those of Singh, et al (1998) where they found that due to low
temperature at high altitudes, the alpine medicinal plants remain dormant in early
spring (March/ April) which intern flowering until May and June.

33



The Pakistan Journal of Forestry Vol.54(1), 2004

The plant height of P. amplexicaule and V. serpense is maximum in
shady habitat with sufficient soil moisture at Chinkoli. This agrees with findings of
Khan (1995) who reported that plant height of the alpine medicinal plants was
greatly affected by the fertility and moisture contents of the soil. C. sativa
attaines maximum plant height in dry and sandy soil at Shingrai. Khan (1998)
had also reported that sandy soil and dry climate were more suitable for saffron
cultivation.

The rhizome yield of P. amplexicaule. the flowers/leaves yield of V.
serpense and flower/stigma of C. sativa are not very much encourading despite
their survival at farm land. However, D. deltoidea, P. emodi and B. ciliata, more
or less failed to survive. This may be attributed to unfavorable soil and
environmental conditions during growth period. This agrees with the findings of
Joshi and Rawat (1999) who observed that, beside other factors, fertility of the
soil affected the productivity of medicinal plant species.

The economic analyses of yield data reveal that V. serpense and C.
sativa have good economic potential for supplementing the farmers’ income.
These two species appear more economical as compared with cereals crops in
Swat. The short growing period of these medicinal plant species coupled with
their high market value in relation to cereal or cash crop of the area can be an
added advantage in their commercial production. Zaidi (1998) reported that
cultivation of Althaea officinales has good potential for supplementing the
farmers' income as compared to other crops. Similar results were also reported
by Khan (1998). Fuller (1991) long ago described methods of cultivation of
-Colchicum autumunale to supplement cash income of the farmers in the USA.

Conclusion

Based on the results of present investigation, it is concluded that these
perennial medicinal plant species as such can not be recommended for
cultivation as cash crops on farmlands in upper Swat. However, their Ex-situ
propagation on the margins of the farmlands, in-situ protection, management
and conservation in their natural habitat can be more fruitful.
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