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ABSTRACT

Rheum australe Wall ex Meissn. a perennial herb, is distributed in the Himalayas from Kashmir to Sikkim at altitude of 
2800-5200 m. In Himachal Pradesh it is found growing in Chhota Bhangal and Bara Bhangal of Kangra; Pangi Bharmour 
of Chamba, Parvati Valley of Kullu, Dodra kwar, Khashadhar and Rohru ranges of Shimla district, Kinnaur and Lahaul 
Spiti districts. Population density is between 0.5 and 1.5 plant square meter in very restricted localities and is 
designated as endangered in status. The experiment  on Rheum australe  was conducted to determine the effect of 
different organic manures , biofertilizers and NPK on growth and yield of Rheum australe and also to work out its cost of 
cultivation to standardize the cultivation technology. The results showed that maximum  plant height, above ground 
biomass ,underground biomass and  underground biomass  yield was recorded maximum using NPK (120:60:30 kg/ ha) 
and which was followed by Vermicompost + Azotobacter+  PSB (10t:5kg:5kg) and minimum was recorded in control. 
Benefit-cost ratio of 10.15 was observed  maximum when NPK  @ (120 : 60: 30 Kg/ha)  was applied, which was followed 
by treatment F  where FYM + Azotobacter + PSB (10t : 5kg :5kg)  with a BCR of 8.09.  5
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Introduction and Nautiyal, 2004). The essential oil content is 0.05 per 
cent in the root, and its characteristic odour is due to the The demand for medicinal plants has increased 
presence of eugenol (Nautiyal and Nautiyal, 2004). The globally due to the resurgence of interest in and 
oil is also sprinkled over ulcers for healing, and powdered acceptance of herbal medicine. Most of the demand is 
roots are used for cleaning teeth. Traditionally, in being met through collection of large quantity of 
Garhwal a paste made from the root is mixed with water medicinal plants and plant part from wild populations. 
and used to treat boils, wounds and cuts. It is of special The method of extraction employed are almost 
use for infants stomach problems. It has been found as 

invariably crude and unsystematic. As a consequence, 
anti-inflammatory drug (Chauhan, 1999; Nautiyal et al., 

the rates of exploitation may exceed those of local  
2002). The history of rhubarb dates back to ancient China 

natural regeneration .Also the natural habitats are fast 
and Mediterranean region as a highly popular laxative 

depleting .The Indian Himalayan region is a rich reservoir 
drug and a general tonic (Nautiyal et al., 2002). The drug 

of biological diversity. This region has many high value 
contains a number of anthraquinone derivatives based 

medicinal herbs and local tribes depend on traditional  
on emodin, emodin-3-monomethyl ether, chrysophanol, 

herbal medicine. a l o e  e m o d i n ,  a n d  r h e i n .  E m o d i n ,  r u t i n ,  
 Rheum australe is high altitude endangered chrysophanol,and chrysophenic acid are the four chief 
medicinal plant commonly known as 'revand  chini' active constituents of rhubarb. Among these, 
belonging to family Polygonaceae. It is a perennial stout chrysophanol is found in a higher concentration. In 
herb 1-3 m in height , distributed in the temperate and nature plant has a long juvenile phase (3-5 years) 
sub tropical regions of the world between 2800 and 3600 followed by the reproductive phase. Flowering occurs 
m altitudes. Root are stout ;leaves radical, long petioled, during june-july. It has been identified as top priority 
very large,30-40cm;flowers small, dark purple or pale red species for conservation and cultivation. Due to these 

 in tall axillary panicles (Anon., 1945). Rhubarb is a mild properties, the species has excessive demand, which 
anthraquinone purgative ,it is used as an astringent tonic leads to illegal exploitation from natural habitat, 
;its stimulating effect combined with aperient properties resulting in habitat destruction. There is an urgent need 
render it especially useful in atonic dyspepsia (Nautiyal to develop and implement regeneration/conservation 

Maximum  plant height, above and below ground biomass and  yield was recorded maximum using NPK 
@ 120:60:30 kg/ha followed by Vermicompost + Azotobacter+  PSB @ 10t:5kg:5kg. 
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strategies for exploited medicinal plant species. A 
simultaneous development of easy to employ means of 
ex-situ propagation of the species concerned would 
encourage their cultivation, there by considerably ease 
the pressure on natural habitats. The common means of 
regeneration and propagation of medicinal plants 
include seed based, clonal and  micro-propagation 
methods .Seed based multiplication is the most effective, 
and convenient  method of propagation. before transplanting and were thoroughly mixed 

together, thus a composite representative sample from Material and Methods
whole of the area was taken for chemical analysis to 

The experiment  on Rheum australe  was 
evaluate the fertility status of soil. The soil was sandy 

conducted at Forestry Research Sub-Station, Rahla 
loam in texture. The test analysis revealed following 

(Manali) of Dr. Y.S. Parmar U.H.F, Himachal Pradesh 
values for different parameters. 

having altitude of 2800m and 3222'N latitude and 7720'E 
The soil of experimental area is neutral in pH, low longitude. Regarding climate generally November, 

in organic content, medium in available nitrogen, December, January, February and March are the coldest 
phosphorus and potassium.months while May and June are the hot months. The 

maximum rainfall occurs from June to September. The The experiment was conducted to study the effect 
area receives a snowfall during winter. The site is of organic manures and biofertilizers on growth and yield 
characterized by undulating topography, and of Rheum australe. This experiment was laid out in 
experimental area has been terraced. Soil samples were randomized block design with eight treatments and 
taken randomly from the entire experimental area three replications. Biofertilizers used were Azotobacter 

and  PSB and were procured from the Division of Micro- F7(NPK (120 : 60: 30 Kg/ha) i.e. 54.81cm which was 
biology, IARI, New Delhi. Various doses of biofertilizers followed by F6 (Vermicompost + Azotobacter +  PSB (10t : 
and organic manures under different treatments were 5kg :5kg) 41.64cm and minimum was recorded in control 
applied as F (without fertilizer),F  (FYM@ 20 t / ha), F  (25.49cm). However, if combination of organic manures 0 1 2

and biofertilizers is taken into consideration treatment F5 (Vermicompost @ 20 t/ha), F (Azotobacter @ 10 kg/ha), 3  

and F6 is statistically at par with each other and recorded F  (PSB@ 10kg/ha)F [FYM + Azotobacter + PSB (10t: 5kg: 4  5 

plant height of 39.93 cm and 41.64 cm respectively. 5kg)] F [Vermicompost + Azotobacter + PSB (10 t: , 6

There is 115.02, 63.35, 56.64 per cent increase in plant 5kg:5kg)] and F7[NPK (120:60:30 kg/ ha)].
height in treatment F7, F6, and F5 over control after 36 

Results and Discussion
months.

Observations were recorded on different 
Data presented in Table 3 reveals that among 

parameters such as plant height, aerial biomass 
different treatment combinations after 36 months 

yield/plant, underground biomass yield/plant and 
maximum above ground biomass was recorded in 

estimated underground biomass yield (q/ha) after one 
treatment F7(NPK (120 : 60: 30 Kg/ha) i.e.63.62g which 

year interval up to three years during last fortnight of 
was followed by F6 (vermicompost + Azotobacter+  PSB 

September month.
(10t : 5kg :5kg) 51.96g and F5( FYM + Azotobacter + PSB 

Data presented in Table 2 reveals that among (10t : 5kg :5kg) 43.26g and   minimum was recorded in 
different treatment combinations after 36 months control (28.45g) and treatment F7 is statistically superior 
maximum plant height was recorded in treatment to all other treatments. There is 123.62, 82.63  and 52.05 

Table 1: Soil analysis of the experimental area 

Sr.  no. Soil analysis parameter  Test value  

1. pH 6.96 
2. Organic carbon (%) 0.45 
3. Available nitrogen (kg/ha) 275 
4. Available phosphorus (kg/ha) 22 
5. Available potash (kg/ha) 280 

Developmental States in Rheum australe

Table 2 : Effect of different organic manures and biofertilizers on plant height of Rheum australe

Treatments  Plant height (cm)  

 12 months 24  months 36 months Mean 

Without fertilizer   7.85 20.21 25.49 17.85 

FYM @20 t/ha   10.54 21.58 34.13 22.08 
Vermicompost@20t/ha  11.31 23.63 35.78 23.57 

Azotobacter @10 kg/ha   8.46 20.68 32.56 20.57 

PSB @10 kg/ha  8.21 22.38 28.41 19.67 
FYM + Azotobacter + PSB (10t : 5kg :5kg)  12.75 25.91 39.93 26.20 

Vermicompost + Azotobacter+  PSB  
(10t : 5kg :5kg)  

14.63 28.75 41.64 28.34 

NPK (120 : 60: 30 Kg/ha)  15.21 30.86 54.81 33.61 

Mean  11.12 24.25 36.59 23.99 

 

Table 3 : Effect of different organic manures and biofertilizers on above ground biomass  of Rheum australe

Treatments Above ground biomass /plant (g)  

 12 
months 

24 
months 

36 
months 

Mean 

Without fertilizer  14.68  19.94  28.45  21.02  
FYM @20 t/ha  16.95  24.96  33.49  24.98  

Vermicompost @20 t/ha  18.35  26.12  36.03  26.83  

Azotobacter @10 kg/ha  18.01  25.78  32.71  25.50  

PSB @10 kg/ha  19.21  27.93  40.29  29.14  
FYM + Azotobacter + PSB  
(10t : 5kg :5kg)  

22.68  33.41  43.26  33.11  

Vermicompost + Azotobacter+  PSB 
(10t : 5kg :5kg)  

25.75  37.16  51.96  38.29  

NPK (120 : 60: 30 Kg/ha)  38.37  44.26  63.62  48.75  

Mean  21.75  29.95  41.23  92.93  
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evaluate the fertility status of soil. The soil was sandy 

conducted at Forestry Research Sub-Station, Rahla 
loam in texture. The test analysis revealed following 

(Manali) of Dr. Y.S. Parmar U.H.F, Himachal Pradesh 
values for different parameters. 
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The soil of experimental area is neutral in pH, low longitude. Regarding climate generally November, 

in organic content, medium in available nitrogen, December, January, February and March are the coldest 
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per cent increase in above ground biomass in treatment manures  and biofertilizers on different growth and 
F7, F6 and F5 over control after 36 months. However, if development parameters (plant height, above ground 
PSB is applied @10kg/ha the above ground biomass yield biomass yield ,underground biomass yield, estimated 
is 40.29g which is 41.61 per cent more in comparison to underground biomass yield) in Rheum australe revealed 
control. that the treatment combination of NPK (120:60:30 

Kg/ha) gave significant increase in all above mentioned Data presented in Table 4 reveals that among 
growth and yield parameters. Inorganic fertilizers different treatment combinations after 36 months 
increase the growth and yield attributes quickly than maximum underground biomass was recorded in 
organic inputs. Both nitrogen and phosphorus are treatment F7(NPK (120 : 60: 30 Kg/ha) i.e. 74.69g which 
structural components of bio molecules like proteins, was followed by F6 (Vermicompost + Azotobacter+  PSB 
phospholipids and nucleic acids. Being an integral part of (10t : 5kg :5kg) 52.27g and 96g and F5( FYM + 
ATP, phosphorus also plays an indispensable role in Azotobacter + PSB (10t : 5kg :5kg) 51.68g and  minimum 
energy metabolism. Thus both of these plant nutrients was recorded in control (30.73g) and treatment F7 is 
play an important role in increasing the plant height and statistically superior to all other treatments. There is 
yield attributes. Significant increase in growth and yield 143.05, 70.09 and 68.17 per cent increase in under 
parameters have been reported in Salvia sclarea (Clary ground biomass in treatment F7, F6, and F5 over control 
sage) and Pogostemon patchouli by using nitrogen and after 36 months respectively. However, treatment F6 and 
phosphorus fertilizers  and nitrogen alone respectivel F5 are statistically at par with each other and yield is 
(Verma et al., 2010; Sumathi et al., 2012). However, comparable with each other.
among different treatment combinations of organic 

Data presented in Table 5 reveals that among 
manures and biofertilizers  treatment F6 (vermicompost 

different treatment combinations after 36 months 
+ Azotobacter+  PSB (10t:5kg:5kg)  resulted in higher 

maximum underground biomass yield (q/ha) was 
yield which was followed by treatment F5 ( FYM + 

recorded in treatment F7 (NPK (120 : 60: 30 Kg/ha) i.e. 
Azotobacter + PSB (10t : 5kg :5kg) and both the 

23.34 q/ha which was followed by F6 (Vermicompost + 
treatments are statistically at par with each other. As 

Azotobacter+  PSB (10t : 5kg :5kg) 16.33q/ha F5( FYM + 
combination of organic manures and biofertilizers 

Azotobacter + PSB (10t : 5kg :5kg) 16.15q/ha and 
resulted in higher yield but the cost of vermicompost is 

minimum was recorded in control (9.60q/ha) and 
higher in comparison to FYM, therefore FYM can be used 

treatment F7 is statistically superior to all other 
in place of vermicompost. The increase in all the 

treatments. There is 143.12, 70.10 and 68.22 per cent 
parameters might have been due to proliferation of 

increase in underground biomass yield in treatment F7, 
inoculated and other beneficial microorganisms which 

F6 and F5 over control after 36 months. However, 
affect the plant growth by 'N' fixation, suppression of 

treatment F6 and F5 are statistically at par with each 
pathogenic microorganisms, mobilization of soil 

other.
phosphate and by producing growth promoting 

 In the present studies, the effect of organic metabolites that stimulate plant development. 

Cost of cultivation of Rheum australe under different treatments was estimated and presented 
in Table 6. It can be inferred from the table that the cost of The cost of cultivation includes all the inputs like 
cultivation among different treatments varied from Rs. seedling costs, labour involved in bed preparation, 
15,120 (F ) to Rs. 1,55,120 (F ). The table further showed 0 2intercultural operations till final harvesting of the crop 
that cost of production varied from Rs. 15.90 (F ) to Rs 7which were taken into consideration in terms of money 
116.73 per kg (F ). The cost analysis showed varied involved in rupees. Similarly while calculating the return, 2

differences among different treatments. In order to the total dry plant biomass obtained was multiplied by 
decide about the best economic treatment benefit cost the average of prevailing market rate of Rheum australe.
ratio over variable cost were estimated and results have Cost and return are two most important indicators 
been presented in Table 7. Treatment-wise yield of dry to evaluate the economic feasibility of an activity. The 
roots varied from 960 kg/ha (F ) to 2,334 kg/ha (F ) 0 7cost of cultivation and production of Rheum australe, 

Table 4 : Effect of different organic manures and biofertilizers on underground biomass  of Rheum australe

Treatments Under ground biomass /plant (g)  

 12 months 24  months 36 months Mean 

Without fertilizer 10.03 28.27 30.73 23.01 

FYM @20 t/ha 13.19 31.08 44.83 29.70 
Vermicompost @20 t/ha 13.34 36.94 46.69 32.32 

Azotobacter  @10 kg/ha 13.52 35.33 37.16 28.67 

PSB @10 kg/ha 14.56 35.84 41.65 30.68 
FYM + Azotobacter + PSB  
(10t : 5kg :5kg) 

18.78 38.75 51.68 36.40 

Vermicompost + Azotobacter+  PSB (10t : 5kg 
:5kg) 

21.01 39.45 52.27 37.58 

NPK (120 : 60: 30 Kg/ha) 28.52 54.94 74.69 52.72 

Mean  16.62 37.58 47.46 33.89 

 

Table 5 : Effect of different organic manures and biofertilizers on underground  ground  biomass  yield of Rheum australe

Treatments Estimated underground biomass (q/ha)  Mean 

 12 months 24  months 36 months 

Without fertilizer  3.13 8.83 9.60 7.19 

FYM @20 t/ha  4.12 9.71 14.01 9.28 

Vermicompost @20 t/ha  4.17 11.54 14.59 10.10 

Azotobacter @10 kg/ha  4.22 11.04 11.61 8.96 
PSB @10 kg/ha  4.56 11.27 13.01 9.61 

FYM + Azotobacter + PSB  
(10t : 5kg :5kg)  

5.87 12.01 16.15 11.34 

Vermicompost + Azotobacter+  PSB  
(10t : 5kg :5kg)  

6.56 12.39 16.33 11.76 

NPK (120 : 60: 30 Kg/ha)  8.91 17.17 23.34 16.47 
Mean  5.19 11.75 14.83 10.59 

Table 6 : Economics of production of Rheum australe

 

Treatments Cost of cultivation 
(Rs./ha) 

Total cost of production 
(Rs./ha) 

Cost of production 
(Rs./kg) 

Without fertilizer  15,120 29,120 30.33 

FYM @20 t/ha  45,120 60,120 42.91 
Vermicompost @20 t/ha  1,55,120 1,70,320 116.73 

Azotobacter @10 kg/ha  17,620 32,120 27.66 

PSB @10 kg/ha  18,120 32,920 25.30 

FYM + Azotobacter + PSB (10t : 5kg :5kg)  17,750 33,220 20.56 
Vermicompost + Azotobacter+  PSB  
(10t : 5kg :5kg)  

72,750 88,550 54.22 

NPK (120 : 60: 30 Kg/ha)  20,924 37,124 15.90 

Table 7 : Yield, gross return and benefit cost ratio of Rheum australe

Treatments  Dry root yield 
(kg/ha) 

Gross return 
( Rs./ha) 

Benefit cost ratio 

Without fertilizer  960 96,000 5.34 

FYM @20 t/ha  1,401 1,40,100 2.10 
Vermicompost @20 t/ha  1,459 1,45,900 0.05 

Azotobacter @10 kg/ha  1,161 1,16,100 5.58 

PSB @10 kg/ha  1,301 1,30,100 6.17 

FYM + Azotobacter + PSB  
(10t : 5kg :5kg)  

1,615 1,61,500 8.09 

Vermicompost + Azotobacter+  PSB 
(10t : 5kg :5kg)  

1,633 1,63300 1.24 

NPK (120 : 60: 30 Kg/ha)  2,334 2,33,400 10.15 
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per cent increase in above ground biomass in treatment manures  and biofertilizers on different growth and 
F7, F6 and F5 over control after 36 months. However, if development parameters (plant height, above ground 
PSB is applied @10kg/ha the above ground biomass yield biomass yield ,underground biomass yield, estimated 
is 40.29g which is 41.61 per cent more in comparison to underground biomass yield) in Rheum australe revealed 
control. that the treatment combination of NPK (120:60:30 

Kg/ha) gave significant increase in all above mentioned Data presented in Table 4 reveals that among 
growth and yield parameters. Inorganic fertilizers different treatment combinations after 36 months 
increase the growth and yield attributes quickly than maximum underground biomass was recorded in 
organic inputs. Both nitrogen and phosphorus are treatment F7(NPK (120 : 60: 30 Kg/ha) i.e. 74.69g which 
structural components of bio molecules like proteins, was followed by F6 (Vermicompost + Azotobacter+  PSB 
phospholipids and nucleic acids. Being an integral part of (10t : 5kg :5kg) 52.27g and 96g and F5( FYM + 
ATP, phosphorus also plays an indispensable role in Azotobacter + PSB (10t : 5kg :5kg) 51.68g and  minimum 
energy metabolism. Thus both of these plant nutrients was recorded in control (30.73g) and treatment F7 is 
play an important role in increasing the plant height and statistically superior to all other treatments. There is 
yield attributes. Significant increase in growth and yield 143.05, 70.09 and 68.17 per cent increase in under 
parameters have been reported in Salvia sclarea (Clary ground biomass in treatment F7, F6, and F5 over control 
sage) and Pogostemon patchouli by using nitrogen and after 36 months respectively. However, treatment F6 and 
phosphorus fertilizers  and nitrogen alone respectivel F5 are statistically at par with each other and yield is 
(Verma et al., 2010; Sumathi et al., 2012). However, comparable with each other.
among different treatment combinations of organic 

Data presented in Table 5 reveals that among 
manures and biofertilizers  treatment F6 (vermicompost 

different treatment combinations after 36 months 
+ Azotobacter+  PSB (10t:5kg:5kg)  resulted in higher 

maximum underground biomass yield (q/ha) was 
yield which was followed by treatment F5 ( FYM + 

recorded in treatment F7 (NPK (120 : 60: 30 Kg/ha) i.e. 
Azotobacter + PSB (10t : 5kg :5kg) and both the 

23.34 q/ha which was followed by F6 (Vermicompost + 
treatments are statistically at par with each other. As 

Azotobacter+  PSB (10t : 5kg :5kg) 16.33q/ha F5( FYM + 
combination of organic manures and biofertilizers 

Azotobacter + PSB (10t : 5kg :5kg) 16.15q/ha and 
resulted in higher yield but the cost of vermicompost is 

minimum was recorded in control (9.60q/ha) and 
higher in comparison to FYM, therefore FYM can be used 

treatment F7 is statistically superior to all other 
in place of vermicompost. The increase in all the 

treatments. There is 143.12, 70.10 and 68.22 per cent 
parameters might have been due to proliferation of 

increase in underground biomass yield in treatment F7, 
inoculated and other beneficial microorganisms which 

F6 and F5 over control after 36 months. However, 
affect the plant growth by 'N' fixation, suppression of 

treatment F6 and F5 are statistically at par with each 
pathogenic microorganisms, mobilization of soil 

other.
phosphate and by producing growth promoting 

 In the present studies, the effect of organic metabolites that stimulate plant development. 

Cost of cultivation of Rheum australe under different treatments was estimated and presented 
in Table 6. It can be inferred from the table that the cost of The cost of cultivation includes all the inputs like 
cultivation among different treatments varied from Rs. seedling costs, labour involved in bed preparation, 
15,120 (F ) to Rs. 1,55,120 (F ). The table further showed 0 2intercultural operations till final harvesting of the crop 
that cost of production varied from Rs. 15.90 (F ) to Rs 7which were taken into consideration in terms of money 
116.73 per kg (F ). The cost analysis showed varied involved in rupees. Similarly while calculating the return, 2

differences among different treatments. In order to the total dry plant biomass obtained was multiplied by 
decide about the best economic treatment benefit cost the average of prevailing market rate of Rheum australe.
ratio over variable cost were estimated and results have Cost and return are two most important indicators 
been presented in Table 7. Treatment-wise yield of dry to evaluate the economic feasibility of an activity. The 
roots varied from 960 kg/ha (F ) to 2,334 kg/ha (F ) 0 7cost of cultivation and production of Rheum australe, 

Table 4 : Effect of different organic manures and biofertilizers on underground biomass  of Rheum australe

Treatments Under ground biomass /plant (g)  

 12 months 24  months 36 months Mean 

Without fertilizer 10.03 28.27 30.73 23.01 

FYM @20 t/ha 13.19 31.08 44.83 29.70 
Vermicompost @20 t/ha 13.34 36.94 46.69 32.32 

Azotobacter  @10 kg/ha 13.52 35.33 37.16 28.67 

PSB @10 kg/ha 14.56 35.84 41.65 30.68 
FYM + Azotobacter + PSB  
(10t : 5kg :5kg) 

18.78 38.75 51.68 36.40 

Vermicompost + Azotobacter+  PSB (10t : 5kg 
:5kg) 

21.01 39.45 52.27 37.58 

NPK (120 : 60: 30 Kg/ha) 28.52 54.94 74.69 52.72 

Mean  16.62 37.58 47.46 33.89 

 

Table 5 : Effect of different organic manures and biofertilizers on underground  ground  biomass  yield of Rheum australe

Treatments Estimated underground biomass (q/ha)  Mean 

 12 months 24  months 36 months 

Without fertilizer  3.13 8.83 9.60 7.19 

FYM @20 t/ha  4.12 9.71 14.01 9.28 

Vermicompost @20 t/ha  4.17 11.54 14.59 10.10 

Azotobacter @10 kg/ha  4.22 11.04 11.61 8.96 
PSB @10 kg/ha  4.56 11.27 13.01 9.61 

FYM + Azotobacter + PSB  
(10t : 5kg :5kg)  

5.87 12.01 16.15 11.34 

Vermicompost + Azotobacter+  PSB  
(10t : 5kg :5kg)  

6.56 12.39 16.33 11.76 

NPK (120 : 60: 30 Kg/ha)  8.91 17.17 23.34 16.47 
Mean  5.19 11.75 14.83 10.59 

Table 6 : Economics of production of Rheum australe

 

Treatments Cost of cultivation 
(Rs./ha) 

Total cost of production 
(Rs./ha) 

Cost of production 
(Rs./kg) 

Without fertilizer  15,120 29,120 30.33 

FYM @20 t/ha  45,120 60,120 42.91 
Vermicompost @20 t/ha  1,55,120 1,70,320 116.73 

Azotobacter @10 kg/ha  17,620 32,120 27.66 

PSB @10 kg/ha  18,120 32,920 25.30 

FYM + Azotobacter + PSB (10t : 5kg :5kg)  17,750 33,220 20.56 
Vermicompost + Azotobacter+  PSB  
(10t : 5kg :5kg)  

72,750 88,550 54.22 

NPK (120 : 60: 30 Kg/ha)  20,924 37,124 15.90 

Table 7 : Yield, gross return and benefit cost ratio of Rheum australe

Treatments  Dry root yield 
(kg/ha) 

Gross return 
( Rs./ha) 

Benefit cost ratio 

Without fertilizer  960 96,000 5.34 

FYM @20 t/ha  1,401 1,40,100 2.10 
Vermicompost @20 t/ha  1,459 1,45,900 0.05 

Azotobacter @10 kg/ha  1,161 1,16,100 5.58 

PSB @10 kg/ha  1,301 1,30,100 6.17 

FYM + Azotobacter + PSB  
(10t : 5kg :5kg)  

1,615 1,61,500 8.09 

Vermicompost + Azotobacter+  PSB 
(10t : 5kg :5kg)  

1,633 1,63300 1.24 

NPK (120 : 60: 30 Kg/ha)  2,334 2,33,400 10.15 
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fgekpy fgeky; esa mRikfnr j~;we vLVªkys Mh- Mksu ds mRikn vkSj òfn~/ ij dkcZfud [kknksa rFkk tSomoZjdksa dk izHkko
jfo Hkkj}kt rFkk ehuw lwn

Lkkjka'k
j~;we vLVªkys okYy ,Dl ehLu] lnkcgkj tM+h gS ftldk for.k 2800&5200 ehVj dh Å¡pkbZ ij d'ehj ls flfDde rd gSA fgekpy 

izns'k esa ;g tM+h dkaxM+k ds NksVk Hkkaxy vkSj cM+k Hkkaxy] pEck ds ikaxh HkjekSj] dqYyw MksMjk Dokj [k~lk/kj dh ikoZrh ?kkVh vkSj f'keyk ftys 
jksgMw jsat lfgr fdUukSj vkSj ykgksy Lihfr ftyksa esa ikbZ tkrh gSA ladVxzLr fLFkfr esa izfrcaf/r {ks=k ds izfr ikni oxZehVj esa ?kuRo 2-5 vkSj 1-5 
ikni gSA j~;we vkLVªsy dh mit vkSj [ksrh dh rduhdksa dks ekudhd̀r djus ds fy, fofHkUu dkcZfud [kknksa] tSo moZjdksa vkSj ,u ih ds] ds 
òfn~/ izHkkoksa dks tkuus gsrq ijh{k.k fd;s x;sA ifj.kke ls irk pyrk gS fd /jkry ls ikni dh Åijh tSoek=k vkSj /jkry ls uhps dh tSoek=k] 
/jkry ds Hkhrj mRikn dh tSoek=k dks ,u ih ds ¼120%60%30 fd0xzk0@gs0½ ij vf/dre ik;k x;kA ftlds ckn oehZdEiksLV $ vtksVkoDVj$ 
ih ,l ch ¼10 Vh % 5 fd0xzk0 % 5 fd0xzk0½ dk LFkku jgk vkSj U;wure tSoek=k daVªksy esa fjdkMZ dh xbZA ykHk ykxr vuqikr vf/dre 10-15 
ik;k x;k tc ,u ih ds @¼120%60%30 fd0gs0½ dk vuqiz;ksx fd;k x;kA ftlds ckn ,Q ,l mipkj dk LFkku jgk tgka ,iQ okbZ ,e $ vtksVk 
oSDVj $ ih ,l ch ¼10 Vh % 5 fd0xzk0 % 5 fd0xzk0½ jgkA ftlesa 8-09 dk chlhvkj FkkA
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among different treatments. An average price of Rs 100 Benefit : cost ratio was calculated by dividing the 
per kg was assumed for the present analysis. The Benefit total returns obtained with the total cost involved during 
Cost Ratio (BCR) among the various treatments varied the production. The lowest benefit: cost ratio (0.05) was 
from 0.05 (F ) to 10.15 (F ). obtained with application of vermicompost due to its 2 7

higher rate @ Rs. 10/kg. Hence, if farmers make their It can be inferred from the Table 7 that the highest 
own vermicompost then they can get the betterbenefit-cost ratio of 10.15 was observed when NPK  @ 
 returns.(120 : 60: 30 Kg/ha)  was applied. It was followed by 

It is quite evident from the returns and benefit : treatment F  where FYM + Azotobacter + PSB (10t : 5kg : 5

cost ratio that farmers can opt for the cultivation of 5kg)  was applied with a BCR of 8.09.  
medicinal plants like Rheum australe as an alternate Rheum australe. was raised through organic 
source of income. Like other agricultural crops cultivating manures and biofertilizers (FYM, vermicompost, 
medicinal plants on profitable basis can improve the Azotobacter, NPK and PSB). Control conditions resulted 
economy of farmers by diversification of cropping in lowest cost of cultivation and cost of production (Rs. 
system/pattern. If the market of medicinal plants is well 15,120 and 29,120 respectively) whereas cost of 
organized then farmers can get better benefits than cultivation and production rose to Rs. 1,55,120 and Rs. 
some of the agricultural crops which are grown by them 1,70,320, respectively with the application of 
traditionally.vermicompost.

DIVERSITY AND DISTRIBUTION OF DENDROBIUM SPECIES OF ORCHIDACEAE IN 
DARJEELING DISTRICT OF EASTERN HIMALAYA OF INDIA
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ABSTRACT
Diversity and distribution of 34 species of Dendrobium Orchid species of Darjeeling district of Eastern Himalaya of India 
is reported. The current ecological studies were carried out and based on the findings, it is proposed that out of 34 
species, 8 species should be placed as rare; 1 threatened; 2 species endangered; other 2 species frequent; 11 species 
sparse, 1 abundant and remaining 9 species are planted by local people. Besides these, 4 of them were found to be 
medicinal and ethnobotanical importance. The studies indicated the immediate need of formulation of conservation 
strategy to save these plants from being vanish forever.

Key words : Orchids, Dendrobium spp., Darjeeling, Eastern Himalaya, Diversity.
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Out of 34 species of Dendrobium Orchids, 8 species are proposed to be placed as rare, 1 threatened, 2 
species as endangered and frequent while 11 species as sparse.

Introduction apical lobe broad or narrow, flat, convex, concave a 
saccate; the disc sometimes lamellate. Column short. Orchids are considered to be the most highly 

evolved in the floral specialization and diversified form of Material and Methods 
plants among the monocotyledons. In India, Orchids Study area 
from 9% of our flora  are the largest and highly advanced 

Darjeeling is the northernmost district of West 
family of higher plants. It is estimated that at about 

Bengal. The district is subdivided into four Sub-divisions 
25,000-35,000 species with 800-1,000 genera are 

viz., Darjeeling sadar; Kalimpong, Kurseong and Siliguri. 
distributed throughout the world. About 1300 species 0 0The region lies between 26 31' and 27 31' north latitude 
with 140 genera of Orchid species are found in India with 0 0and between 87 59' and 88 53' east longitude in the 
temperate Himalayas as their natural home (Yonzone 

Eastern Himalayan region of India. It is bordered by 
and Ashan, 2008). 

Sikkim in the north, Terai and Dooars in the south, Bhutan 
The genus Dendrobium was established in 1799 by in the east and Nepal in the west. The district has two 

O. Swartz in Nova Acta Regiae Societatis Scientiarum topographical features. Darjeeling, Kurseong and 
Upsaliensis. The genus Dendrobium comprises of nearly Kalimpong form the hill areas whereas Siliguri is 
1400 species distributed across India to Japan, South to stationed at the foothill in a vast stretch of the plains. The 
Malaysia, Indonesia and East to New Guinea, Australia, shape of the district is triangular. The total area of the 
New Zealand and the Pacific Island. The Darjeeling 2triangular shaped district is 3254.7 km  which is 3.68 per 
district of Eastern Himalaya possesses good resources of 

cent of the total areas of West Bengal state. The hilly 
Orchid species (Yonzone, 2009; Lucksom, 2007; Pradhan, 2 2region covers 2320 km  and the remaining 934.7 km  of 
1979). Among them the species of Dendrobium are 

the area falls in the Terai and plains. The altitudinal 
widespread throughout the region. Habitat of 

variations of the district range from 150 m at Siliguri to 
Dendrobium species is epiphytic rarely lithophytic. Plant 

3636 m at Sandakphu – Phalut with a sharp 
herbaceous, perennial, stem erect and internodes 

physiographic contrast between the plain and the 
covered with sheathing bract. Leaves elliptic-oblong to 

mountainous regions. In the present investigation, 
linear-lanceolate, apex acute. Inflorescence solitary or 

diversity and distribution of Dendrobium species of 
many either fascicles or raceme. Flower resupinate or 

orchids of Darjeeling district in Eastern Himalaya was 
non-resupinate, with or without mentum. Lateral sepals 

studied. 
often adnate to the foot of column to form spur. Petals 

The intensive field survey was conducted during similar to sepals. Lip simple, 3-lobed, sessile or clawed at 
the year 2007-2011 covering all the seasons of the year in the base, side lobes embracing the column or spreading; 
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