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From the Minister

             FOREWORD

From the Minister

I am confident that the Triple Gems of the RNR development - Enhancing
Productivity; Enhancing Accessibility; Enhancing Marketing has poised the
Bhutanese agriculture to take a qualitative and quantitative leap forward.

Subsistence agriculture shall give way to a commercial one, but definitely not at
the cost of leaving out marginal farmers from the mainstream. Special focused
programme shall be pursued to address the needs of the resource poor thus
contributing meaningfully to the poverty alleviation objectives. Niche commodities
through organic production for special markets shall be pursued. Both in-country
and ex-country market destination shall be explored and established. Easy and
cheaper transport of the agriculture produce to markets shall be facilitated through
construction of farm roads and power tiller tracts. Specialised commodity
production in specific areas shall be supported to achieve the necessary minimum
volume for export market. In all these endeavours, it goes without saying that RNR
Research shall be called upon to play a major role by providing the necessary
technologies.

I have no doubts on RNR Research’s continued contribution to the socio-economic
development of the country, particularly in the modernization of the RNR sector.
However, time and again it has emerged that the research results are not reaching
the clients as much as it should be. We know very well that a technology has no
meaning unless it gets translated into action in the farmer field. Here I like to urge
the Research System to pay heed to these feedbacks and adjust the approaches
and programmes as necessary.

I understand that publication of a journal is part and parcel of any research
organization for many important reasons. It provides a vital link between the
research organization and it’s client and the general public at large, therefore
serving as an effective means of transfering technologies to a wider audience. It
can also provide a medium to maintain and promote professional relationships

TELEPHONE:
322482, 322129(O)

FAX  (975-2)-323153
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with other similar research organizations. More specifically to our context, it can
provide that much needed forum to our researchers and research centers to publish
and document their research works and other knowledge and technologies that
are continually being developed.

I am happy to note that with this issue, its readership has expanded to include
many national, regional and international RNR and allied research institutes and
agencies. I like to urge our RNR research system to make full use of these new
linkages in strengthening and nurturing our young Research system.

I am also happy to note that henceforth starting from this issue, the Council for
RNR Research of Bhutan (CoRRB) is charged with the responsibility of it’s regular
and timely publication. It’s ensured regular publication will go a long way in
inculcating the habit of writing in our researchers who tend to be shy on this front.

While expressing my appreciation to all the concerned for making this long overdue
issue a reality, I would like to express my sincere wish and hope for a regular and
timely publication of the future issues of the Journal of RNR Bhutan. I would also
like to wish the Journal of RNR Bhutan to grow and attain international standard in
due course of time.

Finally I wish one and all a Very Happy and Prosperous Male Dog Year 2006.

Tashi Delek !

March 2006
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From the Editor-in-Chief

             FOREWORD

From the Editor-in-Chief

Welcome to the fourth issue of the Journal of RNR Bhutan. Though there can be
no reasons good enough to justify the long overdue publication of this issue, I
suspect the repeated structural metamorphosis that the Ministry underwent in the
last couple of years definitely contributed to it. Specifically, in the process of re-
organzation, the mandate for the RNR Journal publication remained undefined,
resulting in no action. Henceforth, as mentioned by the Hon’ble Minister in the
foreword to this issue, Council for RNR Research of Bhutan (CoRRB) is given this
mandate.

In Bhutan, Renewable Natural Resources (RNR) is comprised of three sectors viz:
Forestry, Livestock and Agriculture including Horticulture. RNR therefore
encompasses plant, animal, microbial, environmental, extension and rural
development, sustainability issues and other cross cutting themes.

The mission of the Journal is to provide an avenue for Bhutanese RNR researchers
to inform and share their findings with a wider national and international audience
and also to document these useful research works. More importantly the Journal is
expected to act as a forum for discussing new research ideas and results that can
propel the growth of the RNR sector. Though it is primarily targeted to publish
research papers on RNR themes carried out by Bhutanese RNR researchers, any
original and significant research papers on RNR related subjects regardless of
their authors’ backgrounds are also published. However, preference will be given
to those research works carried out in the country and by Bhutanese RNR
researchers in the case of having to make choices due to overwhelming submission
of the papers.

With this issue, we are happy to note the expansion of its readership to include
many national, regional and international RNR and allied research institutes and
agencies. We hope that this will further facilitate the strengthening of the existing
professional and institutional ties and give rise to new and mutually useful linkages.

This issue of the Journal contains twelve papers covering various aspects of RNR
sector from forest pattern analysis to the physical characterization of Bhutanese
yak to the inventory of the dragonflies in Bhutan and many others.

Finally on behalf of the Editorial board, I like to thank the authors for considering
this journal to publish their works. I also like to thank all those who served as
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reviewers of the manuscripts for giving selflessly of their time to provide critical
and useful reviews.

In addition, I also like to thank the Advisor, Dr. Pema Choephyel, the Director of
CoRRB and the members of the Editorial Board for their continous guidance in the
publication of this issue.

Last but no the least, I like to express our special gratitude to His Excellency,
Lyonpo Sangay Ngedup, the Hon’ble Prime Minister for his vision, guidance, and
ceaseless efforts in operationalizing the Triple Gem Policy – the cornerstone of the
RNR sector development. In the spirit of the RNR sector’s motto – it is our hope
that the Journal of RNR Bhutan will also walk it’s own share of many many extra
miles in the service of the Bhutanese farmers.

Tashi Delek!

Dorji Dhradhul
Editor in Chief
March 2006
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Constraints in Weed Management

Table 15: Percent of respondents for weed control measures by geogs

                                     Geog
  Weed control measures    G/phu    J/cling   U/ling   G/ney   S/soo  C/mari   Total

   Hand weeding             70        66.7       100       100     92.3  100       88.2
   Both hand weeding
   & herbicide             30       33.3           -        -      7.7     -         11.8

Diseases

Of the total respondents, 75% (Table 16) reported problems related to diseases in
rice crop. Definite diagnosis of diseases and symptoms is beyond the scope of
this study and it will require in-dept study of diseases at field level by a specialist
in future to adequately tackle the problems of diseases.

Table 16: Percent of response for disease problems in rainfed rice crop

                                                Geog
   Disease     Gelephu    Jigme-    Umling    Ghumau-    Sibsoo     Chang-     Total

  problems                      choling                    ney                                mari

      Yes    5.3  3.9            3.9             2.6              6.6            2.6          25.0
      No           7.9        15.8           9.2            17.1            10.5           14.5         75.0
    Total  13.2           19.7         13.2              9.7            17.1           17.1          100

                 n=76

Karma and Ghimiray M

Weed is one of the major problems of rainfed rice system whereby the  climatic
condition favours vigorous weed growth. Of the total, 90% of respondents reported
problems due to severe weed infestation in their rice field. Hand weeding is the
major weed control measures employed and use of chemical herbicides, Butachlor,
as a control means is limited to as low as 11.8% (Table 15). Non-availability and
non-availability on time is the main reasons cited by farmers for limited use of
chemical herbicide.  Usually one to two hand weeding is carried out within two to
three weeks after transplanting. The mean rate of application of Butachlor across
two dzongkhags was 6.44 ± 4.2 kg/acre and rate of application widely differed from
farmer to farmers. Approximately, 2-50% yield is reported to be reduced due to
weed infestation, depending on the severity of infestation.
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However, through the interviews, some basic information was obtained with regards
to disease problem in the survey area. Panicle sterility, wherein panicles turn whitish
and fail to form grains, accounts for 46.7% of the total incidences. Yellowing and
drying of whole plants in patches, which is common under drought condition in
early stages of the crop, accounts for 20% of the total incidences. However, the
cause for the above two problems are not ascertained whether it is due to pathogens
or manifestation of drought stress. Incidences of node-blast, base rot and leaf
spots are also reported in the system.

The practice of chemical spraying is practiced by as low as 17.6% of farmers.
Traditional practice of draining out water from the field is practiced by some farmers
to reduce crop damage during severe disease outbreak but effectiveness of the
method is not known. It is estimated that the diseases accounts for 1-50% reduction
in rice grain yield, depending upon the nature and severity of out-break.

Insect Pest
About 79% (Table 17) of the respondents reported insect pest problem in their rice
field of which the major ones are shoot borer and case worms reporting 37% and
35% of the total incidences, respectively.

Table 17: Percent of respondent for problems of insect pest across geog

                                                    Geog

   Response        G/phu     J/cling  U/ling   G/ney  S/soo   C/mari   Total

      Yes         10.5         13.2        10.5        13.2      17.1        14.5           78.9
      No                2.6           6.6              2.6          6.6            -         2.6  21.1
     Total         13.2         19.7        13.2        19.7      17.1      17.1           100

                     n=76

Control measure is not practiced or known by as much as 48.2% of the total
households. Insecticide spraying with the help of extension agents is done by as
few as 28.6% of the sampled farmers and other measures, like flooding and controlled
irrigation, is practices by some farmers having assured and adequate irrigation.
Insect pest is estimated to cause 22% of reduction in yield.

Vertebrate Pest

Vertebrate pest is the major problem in rice crop in the region. All the respondents
expressed serious concern to the damage of standing crop by elephants (42%),
monkeys (26%), wild boar and rodents.  Approximately, damage due to vertebrate

Karma and Ghimiray M
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is responsible for an average 47% reduction in production from the field. Under
severe cases of attack, especially by elephants, 80-100% of the standing crop is
reported to be damaged and the farmers are left with nothing to harvest. Guarding
is the only control means employed, which often accounts for maximum labor and
time spent by farmers in the rice production in the rainfed environment, which is
often ineffective against animals like elephant, leading to complete destruction of
the crop.

Constraints Due To Storage Pests

Drying of plants in the field is common practice through out the survey region. A
slight shower after the harvest adversely affect the quality of grains and milling
recovery and sometimes rainfall extended for weeks leads to complete loss of the
harvest. Grains are usually stored in wooden boxes (54%), gunny bags (35.5%)
and closely knitted bamboo or cane baskets (Table 18).

Table 18. Percent of respondents for type of storage containers used

              Container type                         Frequency                      Percent
              Gunny bags 27 35.5
              Wooden boxes 41 53.9
              Bamboo/cane baskets  8 10.5
                            Total 76                               100.0

Grain-moth is major pest (55%) that damages the stored rice (Table 19), followed by
weevil (31%). Rodents cause damage but to a limited amount. Storage pest is
estimated to cause reduction 13% of total produce while storing.

Table 19: Percent of respondents for different storage pest incidences

                                               Dzongkhag
                Storage problems          Sarpang             Samtse            Total
                Weevil              16.4                 14.9                31.3
                Grain moths              22.4                 32.8                55.2
                Rats                                        7.5                   4.5                11.9
                Others                1.5                    -                  1.5
                Total              47.8                 52.2               100

n=76

Karma and Ghimiray M
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Labour use and mechanization

By virtue of rice cultivation being an intensive farming, shortage of labour is
always a serious concern. Cent percent of respondents reported shortage of labour
as a constraint for rice cultivation, wherein the family labour is not enough for rice
cultivation. The household meet their labour requirement either by hiring external
labour or by exchange of labour within the community. The rate of payment for
labour ranged from Nu.50-100 per day, differing from village to village. The hire
charge for a pair of bullock for a day ranged from Nu.150 to Nu. 180.

Overall, to cultivate an acre of land, approximately 97 men-days of labour are
required and an addition of 60 men days for guarding the crop against vertebrate
pest (Table 20). In a season, 20 pairs of bullock/day are required for cultivating an
acre of rice crop under the rainfed lowland environment.

Table 20: Mean of labour and bullock requirement for different rice cultural
operations
                   Operations                      Labour B.ullock

(men-days/acre)             (pair-day/acre)

                Land preparation            22                                   12
                Sowing                                             2                                     1

Nursery management              3     -
Transplanting                            19                                    7

                Irrigation management            13                                     -
               Weeding                            18                                    -
               Crop guarding                            60                                    -
               Harvesting                            12                                    -
               Threshing & cleaning              9                                     -
               Total                                          157                     20

Karma and Ghimiray M
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The level of farm mechanization is very minimal, i.e. 4% of the total households
(Table 21). Exploring the possibilities of mechanization and equipping farmers with
efficient labour saving devices will make rice cultivation attractive and save labour
and time, which in turn will improve income generation of the household.

Table 21:  Agriculture Machinery owned

             Owning farm machines        Frequency           Percent
                          Yes                 3               3.9
                          No               73             96.1
                        Total               76             100

Production status

The production of rainfed rice is far from being self-sufficient. The rice produced is
often not adequate for consumption. Surplus production is reported in as low as
9.2% (Table 22) of the surveyed household, the rest reported shortage (46.1%) or
just sufficient (44.7%) for consumption even when supplemented with other cereals
like maize, millet and wheat.

Table 22:  Percent of respondents for production status of rainfed rice by geogs

                                                                            Geog
                 G/phu     J/ling    U/ling   G/ney   S/soo   C/mari     Total

   Shortage                     2.6         9.2          6.6    14.5       6.6         6.6          46.1

   Just enough                     9.2         6.6          6.6        3.9        7.9       10.5       44.7

   Surplus                     1.3         3.9            -     1.3        2.6            -      9.2

   Nos. of respondents  10          15           10      15         13          13             100

    n=76

Farmers with insufficient production meet their requirement by purchasing rice
from the nearest market or from neighboring farmers. Acute shortage of rice is
reported during the month of July (transplanting time) - September (prior to new
harvest of paddy), for a duration of 3 months.

CONCLUSION
The Wet Subtropical rice growing zone consists of 40% of total rice area in the
country but contributes only 29% of the total production. At the household-level,

Karma and Ghimiray M
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rice shortage is reported in 46% of the total household and estimated at 4 months.
Despite much improvement in rice research and development the low contribution
of WST to the total rice production indicates that it did not fare well. The households
of mid-altitudes benefited the most from the research efforts in the past because
most efforts were concentrated in generating technologies for the favourable
irrigated conditions of mid altitude. The production system of rainfed rice was not
understood in the past and hence no conscious effort could be made to improve
production in this environment. Thus this study was conducted to throw light
upon the nature of growing environment and gain a better insight to the production
system of WST.

The WST largely represent rainfed lowland rice system with slight transition of
irrigated system, wherever the source of irrigation is assured. Typically, the rice
environment is constrained by assured source of irrigation and crops are often
exposed to drought stress during critical stages. During the rainfall season,
landslides and erosion are a serious concern to all farmers of the region, often
damaging water conducting system and disrupting the continuity of discharge of
water.

The production status of the rice in the given environment is far from sufficient
where 45% of farmers reporting shortage and have to depend on other cereals and
purchase rice from the market to sustain the household. To increase production of
rice in the given environment will require multiple interventions from agricultural
research, extension and policy support for agriculture development. However, the
details and manners of necessary multiple interventions are beyond the scope of
this study. Following suggestions specifically related to rice research and
development under the rainfed environment are made on the basis of findings of
the survey.

Primarily, lack of assured irrigation is the limiting factor in rainfed lowland rice area.
Irregular and erratic rainfall causes a major damage to canals by landslides, wash-
aways and erosions. Repairing and stabilizing the old traditional conducting
channels with improved concrete materials, especially in case of perennial sources,
will significantly reduce the problems of water deficiency.  A thorough study and
analysis is suggested to assess the need of allocating resources in the development
of irrigation facilities in the rainfed eco-system.

Uncertain rainfall and lack of assured source of water often expose rice crop to
drought stress, which especially during critical stages adversely affects the
productivity. Long term knowledge on climatic condition of a locality will be
essential in developing suitable varieties that will outperform existing varieties in
a given environment. Hence, the proposed change in effort is the shift from broadly

Karma and Ghimiray M
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adapted plant type to developing plants for target environment for sharper and
precision increment in productivity through thorough on-farm testing of promising
materials in as many locations as possible. Development of drought tolerant
varieties with stable yield, across locations and seasons can also contribute to
enhance production.

The overall mean yield of rice varieties in the survey region is low (680 kg/acre).
The low productivity of rice in the region is due to low yield and low adoption of
MVs. Despite significant yield advantage of MVs over local varieties (i.e. 153 kg/
acre) and the rate of adoption of 44% of household, the extent of cultivation in
terms of acreage within the household is very small. The low adoption rate of MVs
is due to farmers’ preference for varietal traits of locals such as good taste, stable
yield and easy threshability. Developing suitable high yielding varieties through
cross breeding but at the same time retaining the preferred traits of locals will
substantially increase production. Besides, improving the yield of existing MVs,
will also bring a quantum increase in production.

The low use of synthetic fertilizer and herbicides is also a factor behind low rice
productivity. Unavailability or poor access to chemical fertilizers and herbicides is
the main reason cited for its low use. Improvement of farmers’ access to such
inputs through better extension services could bring improvement in rice production.
Similarly, developing appropriate technologies in nutrient, weed and pest and
disease management seem desirable to improve the productivity. Hence, multiple
interventions of specialists in soil and nutrient management and plant protection
is necessary to clearly understand and develop appropriate technologies to address
problems of soil, and biotic stresses (weed, pest and diseases).

Rice cultivation is labour intensive operation which is estimated to require 157
men-days/acre per season, including the labour requirement for guarding the crop
against vertebrate pest. Topographically, the survey region offers a great
opportunity for mechanization but the use of farm machineries is relatively very
low (4%) compared to that of irrigated environment. Hence, there is a need to
explore the possibilities of providing support in terms of labour saving devices
and reduce the drudgery of rice farming.

Detailed and in-depth understanding of rainfed system with regards to parameters
like rainfall patterns and subsoil hydrology in addition to the existing knowledge
of surface irrigation is lacking. Integrated approach is necessary for characterizing
the rainfed lowland agro-ecosystem both for use in technology extrapolations and
recommendation domains and as a tool for diagnostics of technology generated.

Karma and Ghimiray M
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Existing Resources, Practices and Potentials of the
Arecanut within the East-Central Region (Sarpang

Dzongkhag)
Ms. Pema Yuden1 and Mr. Sangay Dorji1

ABSTRACT

Arecanut (Areca catechu L) commonly known as betelnut is a tropical palm
cultivated for its nuts. It is cultivated in the lower humid sub-tropical areas
(below 600m) of Bhutan. A survey conducted in Sarpang Dzongkhag found that
the crop was introduced by the farmers themselves about 70 years ago from
neighbouring Assam, India. The crop agronomy and management practices are
self acquired. There are 4 unknown varieties or types known by the shape of the
fruits. Majority of the farmers raise their own planting material. Major pests and
diseases are shoot rot or bud rot, fruit drop, ants, and stem borer or stem rot.
Yield per hectare varied greatly. Some of the constraints are reported to be
irrigation, pests and diseases and fruit drop.

KEYWORDS: Arecanut, resources, management practices, intercropping, pest,
diseases

INTRODUCTION

Arecanut (Areca catechu L) or commonly known as betelnut is a tropical palm
cultivated for its nuts.  The plant is tall with slender erect, unarmed and solitary
stems living for 60-100 years. The nuts or the hard dried endosperm of ripe and
unripe seeds are chewed as a masticatory by about 400 million people around the
world from Zanzibar to India and the Central Pacific.  The nuts are chewed fresh or
dried. The popular practice is to wrap small slices of the nut in a fresh leaf of betel-
pepper (Piper betle L) which has been added with a dab of slaked lime. Other
ingredients such as cardamom, tobacco, and clove may also be added to the betel
quid.  It is also commonly chewed in Bhutan and is customary in celebrations and
ceremonies. Chewing is said to increase the production of saliva and gastric juices
and thus aid digestion. The nut also has various medicinal uses: as a vermifuge for

1 Renewable Natural Resources Research Center, Jakar, Bumthang
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humans and animals, as a cure for diarrhoea, urinary disorders, edema and lumbago.
It also has astringent and tonic properties. The nut is applied externally to ulcers,
sores, swellings, and skin diseases. The husk, young shoots, buds, leaves and
roots also have medicinal uses.  Although the exact origin of Areca catechu is
unknown, it most probably originated from Central Malaysia. The cultivation
spread to the Indian sub-continent in pre-historic times (Vossen and Wessel 2000).

Today, the major arecanut growing countries are India, Sri Lanka, Bangladesh,
Malaysia, Indonesia and the Philippines, with India leading the world production.
In Bhutan arecanut could have been introduced a long time ago from India. It is
grown in the sub-tropical southern districts of Sarpang, Samchi and Samdrup
Jongkhar. In the lower humid sub-tropical areas (below 600m) of these Dzongkhags,
arecanut cultivation is seen as one of the main cash crops providing high income
with relatively low investment. Compared to other cash crops, arecanut is non-
perishable and can be marketed in different forms (green, ripe and dried). The area
under the crop has gradually increased over the last few years. In Sarpang
Dzongkhag for example, the area has increased from 31 hectares in 1995(LUPP
1995) to over 170 hectares in 2001 (Nawang, personal communication). Arecanut is
one of the main cash crops of Sarpang Dzongkhag after mandarin and cardamom.
However, there have been limited inputs from the research and extension services
largely because of limited knowledge on production management and varieties of
this crop.

A survey was therefore conducted in Sarpang Dzongkhag in 2000 with the following
objectives:

• Document existing resources, practices, constraints and potentials
• Identify areas for research and extension interventions

MATERIALS AND METHODS

A structured questionnaire was used for interviewing farmers and field observations
made during the visits from September to November 2000.  All the arecanut growing
geogs of Sarpang Dzongkhag were covered viz: Hillay, Singye, Sarpangtar, Dekiling,
Bhur, Gelephu, Umling, Chuzegang, Sershong and Kalikhola Dungkhag. A total of
137 farmers were interviewed who were selected based on their plantation size and
experience in cultivation.

Yuden. P  and  Dorji. S
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RESULTS AND DISCUSSION

Origin of Arecanut in the Dzongkhag

According to the growers of Sarpangtar and Dekiling geogs, arecanut was first
introduced by a Lapchand family. Growers of the other villages could hardly trace
back the time of introduction. However, the first planting materials were said to be
brought from neighbouring Assam, India. Farmers’ experience of arecanut
cultivation ranged from over 3 to 70 years with a majority (48%) cultivating for
more than 10 years.

Varieties
There are no known varieties. However there are about 4 types known by the
shape of the fruits viz: Round (locally known as Jazi), Oblong (locally known as
Lamchey), small oblong and small round. Round type with thinner husk is preferred
because of its larger nut size with more whitish layer inside which is reported to be
less intoxicating compared to nuts with more amount of reddish colored endosperm.
Small Oblong is the least preferred nut type. Over 79% of the farmers grow the
round type followed by Oblong (61%), Small oblong (18%), and Small round (7%).

Production Management Practices
Current management practices employed by arecanut growers are self acquired.
The crop did not receive any technical and institutional support in the past. This
is mainly because of the limited technical expertise within the Ministry of
Agriculture.

Nursery

About 83% (114 respondents) of the farmers raise their own planting material. The
crop is propagated through seeds. Seed nuts are selected from the middle clusters
of the second bunch from healthy, high yielding plants. Healthy, clean nuts are
selected in May-June. Land to be used for seed beds is ploughed 2-3 times. The
nursery is either under the canopy of existing arecanut plantation or in the open
field. Seed nuts are immediately sown after harvest or within a week after letting
the husk rot. The former method is said to have faster germination. Seed beds are
mulched with betel leaves or straw. One year old seedlings are transplanted to
primary nursery at 30-45 cm spacing. Seedlings are again transplanted the following
year with increased spacing. Sometimes nurseries are maintained under shade
such as banana and sesbania. Farmers transplant the seedlings 2-4 times before
permanent planting in the field with a majority (64%) transplanting about 3 times
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(see table 1 also). Very few (12%) do it four times. Growers believe that more
numbers of transplanting shortens plant height and hastens fruit bearing.

Site Selection and Establishment

Sites with deep soils and good drainage are preferred since shallow top soil and
gravelly soils leads to water stress during the winter and early spring. Plantations
are commonly found near the houses. Planting space used is inconsistent ranging
from 1-2.7m plant to plant (PP) x 1-3m row to row (RR) (table 1), but this could be
mainly because of intercropping practiced by a majority. Manure is applied at
planting time (table 1); while in the later years manure input is mainly through
tethering of cattle practiced by over 40% of the farmers. A few farmers plant bananas
and sesbania prior to planting to provide shade to young plants.  The number of
bearing trees owned by the farmers ranged from 10-2000 representing plantation
area between 0.02-1.6 hectares (table 1).

Table 1:  Plantation characteristics
                       Parameter  Average   Range

    Area (hectares)       0.3 0.02- 1.6

   Bearing trees per farmer (Nos)      180  10-2000

   Transplanting in the nursery before
   final planting in the field (Nos)       2.8       2-4

   FYM application at planting (kg/plant)          5      2-20

   Planting space (PP x RR in m)                     1.8 PP x 1.9 RR    1-2.7 PP x 1-3.2m RR

Field Management

Management inputs are minimal especially the usage of chemicals for soil
management and plant protection. Weeding is done more than once with a few
farmers doing 5-6 times in a year. FYM is generally applied and many tether their
cattle in the plantation after the palms are at least 3 years old. Very few (<5%)
practice mulching and irrigation (28%) within the plantation. Those who irrigate do
it 1-4 times during the dry winter months mainly by making channels. A majority
(45%) of those who irrigate do it monthly.
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Intercropping
Intercropping is practiced by about 55% of the farmers interviewed.  The most
popular intercrop used is banana. Maize and millet are planted with arecanut
particularly during the early years of the plantation.

In later years these annuals are largely replaced by perennial crops such as banana,
fodder etc (fig 1). Intercropping maximizes land use and output per unit area
providing additional income and crops.

Figure 1: Crops used for intercropping (% of 75 respondents)

Pests and Diseases

Major pests and diseases are shoot rot or bud rot (Phytophthora palmivora?),
(affecting growing shoot), fruit drop, ants, and stem borer or stem rot (fig 2). Shoot
rot damage is serious and is reported to be causing economic losses with some
farmers having lost 10-25% of their trees. This disease affects palms of all ages. It
starts with yellowing of one or two young leaves surrounding the spindle. The
spindle and the older leaves droop down followed by the rotting of tender leaf
bases and soft tissues of the growing shoot. The leaf bases are forms a bulge,
which is filled with foul smelling liquid. After the death of the central bud, the outer
leaves and bunches remain intact for several months. The disease is mostly seen
during the rainy season when the humidity is high.  Farmers remove the palms at
the bulging section.
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Fruit drop is characterized by shedding of flowers and immature nuts occurring
during April-May. A few farmers state that the incidence is higher during the dry
period and in plantations with poor soils. This problem may be due to the fungus
Phytophthora arecae or yellow leaf disease or due to water stress in spring.
Chemical control measures are not practiced for any pests/disease problems.

Figure 2:  Major pests and diseases

Harvesting and Post-Harvest

Arecanut trees start bearing within 5-7 years of planting. The nuts are harvested
either green or when ripe. Green nuts are harvested by late December and ripe ones
from May-June. Harvesting is done manually with the help of a sickle tied to a long
bamboo pole. A full bearing tree yields between 200-550 fruits per year. Based on
the interview (47 farmers or 34% of the farmers interviewed provided some yield
estimates), yield per hectare was estimated to be from 1200 to over 8600 kgs (table
2). The wide range could be mainly because of the age of the plantations, the
number of trees per area and soil and management conditions.

There are three main forms of nuts sold in the market viz: kangcha, moza and
supari. Green fruits locally called as “kangcha” are sold directly in the markets
without curing. Ripe fruits are sometimes cured by burying them in soil pits lined
with straw or bamboo mats or plastic.

The heap is made high above the ground and covered with soil, straw or plastics
to prevent water into the pit. Fruits can be kept like this for up to eight months if
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the pits are well prepared and buried. Cured nuts are known as “moza” and fetch
higher price than “kangcha”. Nuts which are dried under shade or sun for 2-3
months are known as “supari”. Moza and supari forms are less intoxicating. Moza
fetches the highest price.  Both moza and kancha are equally popular in the market
while supari is sold in very small quantities.

Table 2.  Yield per hectare (% of 47 respondents)

                              Yield (kgs/hectare)                  % respondents
                                        1000-2500                                    15

                                        2500-3700                                      9

                                        3700-5000                                    21
                                        5000-6200                                    15
                                        6200-7400                                      4
                                        7400-8600                                      6
                                               >8600                                     30

Most arecanut growers sell their fruits while still on the trees to middlemen. Moza
fetches around Nu 50 – 160 per pon (1 pon= 80 pieces) depending upon the season
while kancha are sold for around Nu 30-70 per pon).

Constraints

Major constraints are reported to be irrigation, pests and diseases and fruit drop
(fig 3). Irrigation constraints are in terms of facilities while wildlife refers to damages
due to elephants.

Figure 3:  Major constraints reported
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CONCLUSION

Specific areas requiring research inputs are on the following areas:

Varieties

•       Since the existing varieties are unknown they need to be identified.Thereafter
       testing of other varieties should be done if required
•    A simple selection programme should be initiated taking into account the

preference of nut type including plant height, pest resistance etc.

Management

• Since some growers believe that the plant height can be decreased and fruiting
advanced (fruiting 3-4 years after planting) by repeated transplanting in the
nursery, studies on the effects of repeated transplanting may be conducted to
identify the optimum number of transplanting required in the nursery. A simple
survey on the existing plantations may also be done to confirm this.

• Farmers gave conflicting views on the effect of planting distance and use 1-
3.2m spacing. To some extent this may be due to intercropping practiced by a
majority of growers. However spacing effects should be documented by
detailed observations in existing plantations.

• Some growers express that intercropping effects nut yields.  Observations of
plantations with intercropping may be initiated to find out the merits and
demerits of intercropping.

• Soil fertility management is mainly through FYM and tethering of cattle. With
the growing sizes of arecanut plantations, this has become impractical.
Moreover, the potential yield attainable is not achieved because of minimal
inputs. Therefore inorganic fertilizer recommendations may be developed.

• Irrigation is one of the major constraints reported. Flowering and fruit setting
occur during the drier periods of the year. Moisture stress would greatly
affect yield and quality. There is a need to document effects of moisture stress
and benefits from irrigation.

Pest and Diseases

• Bud or shoot rot which is suspected to be due to Phytophthora palmivora
and is becoming a serious disease and therefore based on the examination by
the National Plant Protection Centre, control trials are being conducted.
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• Fruit drop may be due to the disease koleroga caused by fungus Phytophthora
arecae or yellow leaf disease (caused by Mycoplasm like organisms) or due to
soil conditions such as water stress in spring (Dorji, 2000).
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Physico-Chemical Assessment of Water in Diverse
Lentic Habitats of Bhutan

Shivaraj Bhattarai1

                                                        ABSTRACT

Water samples collected from diverse habitats in Bhutan, mainly from the eastern
Dzongkhags, were analysed for basic water qualities during the period from
February 2000 to January 2002. Most of the sampled water bodies depicted
their sub-tropical nature with their waters ranging from typically acidic to
circum-neutral to slightly alkaline and with poor to moderate mineral contents.
They are mostly well oxygenated and moderately hard to soft confirmed by methyl
orange alkalinity, total hardness as well as by low calcium, magnesium and
chloride contents, thereby also suggesting a need to supplement the water bodies
with essential mineral nutrients in case of any future plans to harness them for
biological productivity. Comparisons in water quality are also made with
available reports from the Himalayan Region.

KEY WORDS: Bhutan, Himalayas, Freshwater, Water bodies, Water quality

INTRODUCTION
Freshwater is a valuable natural resource and the basis of existence of all life forms
in our biosphere. Freshwater ecosystems of Bhutan cover only about 0.05% of the
total land area while nearly 5.06% of land is under paddy cultivation (Anon, 1992).
Aquatic habitats are scattered throughout the country in various ecological zones
and these range from perennial rivers to seasonal rivulets, high altitude lakes and
springs to lowland lakes, swamps, river floodplains and man-made reservoirs to
village ponds and paddy fields. Among these lentic habitats, small and big wetlands
in the form of swamps and bogs comprise an integral part of rural landscape even
though many such habitats had been turned into paddy fields in the past. Besides
providing aesthetic and wildlife values, these water bodies represent interesting
ecotones that support wider diversity of aquatic communities but remain practically
unexplored for harnessing their biogenic production potentials such as fishery.

1Department of Zoology, Sherubtse College, Kanglung Bhutan.



125

Except for preliminary observations on water quality by Arora (1990), Dhendup
and Boyd (1994) and Sharma and Bhattarai (2005), there is lack of information on
water quality of Bhutan. On the other hand, recently government’s efforts are on
to create the enabling environment to manage the water resources. Noteworthy
initiative in this direction is the launching of Bhutan Water Partnership, an inter-
ministerial organization, to coordinate and prepare national policies and legislations
on water resources management (Gyeltshen, 2001). Of late, United Nations
Environment Program (UNEP) along with remote-sensing experts from the
International Centre for Integrated Mountain Development (ICIMOD) in
Kathmandu, have conducted three years of research to assess the conditions of
glaciers and glacial lakes in Bhutan some of which had shown catastrophic
outbursts in the past. In view of the high importance placed on water resources
and the lacunae in fundamental but vital information on water quality, this report
bears great significance in bringing forth the basic physico-chemical features of
Bhutanese waters which could form the baseline information for all future aquatic
investigations in this country.

MATERIAL AND METHODS
Water samples collected from diverse freshwater ecosystems (Table: 1) located at
different climatic regimes of Bhutan (see map) were analyzed for basic abiotic
factors. While temperature was recorded using a simple centigrade thermometer,
pH and specific conductivity were measured with a standard pH and conductivity
meter respectively. Dissolved Oxygen was estimated by modified Winkler’s method
and other chemical parameters such as free carbon dioxide, total alkalinity, total
hardness, Ca, Mg and Cl were analyzed by following A.P.H.A. (1992) which involved
standard titration methods.

RESULTS AND DISCUSSION

The observed abiotic parameters of these water bodies are presented in Table 2.

Temperature exerts the most profound direct or indirect influence on physico-
chemical, biological, metabolic and physiological state of aquatic ecosystems. It
also indirectly modifies the effect of other factors (Barbose, 1981) and influences
the dynamics of living organisms (Chandler, 1942). It regulates growth, turnover
rates and production of aquatic communities (Wetzel, 1983). In the presently
surveyed habitats water temperature ranged widely between 1.1-29.5o C
(17.2 ± 8o C) with the highest temperature recorded in a sub-tropical valley in
eastern Bhutan (29o C) and minimum in a glacial lake (1.1o C) at an altitude of 4250 m
AMSL both recorded in the morning of mid-May. Further eight of the studied
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ecosystems depicted average temperatures lower than 15oC, and these include:
Site 24 (1.2o C) < Site 22 (4.0o C) < Site 13 (10.8 oC) < Site 10 (10.9o C) < Site 20 (11.5o

C) < Site 12 (12.5oC). Similarly Site 16 (29.5o C) > Site 9 (29.0o C) > Site 8 (26.8o C) >
Site 11 (25.5o C) belonged to the category of ecosystems with an average water
temperature above 25o C in summer, thereby depicting wide variations in the thermal
continuum of waters in Bhutan.

Table 1: Salient Features of Study Sites 1-24
Site Location/name  Altitude             Other features/remarks
   No.                                                      (m)
     1 Nyagamtsho,                                                In Bumdeling valley,

Bumdeling 1930                Trashiyangtse, washed off
                                                                                       in 2004 flood

2 Dungtsho,  A peat bog in Bumdeling
Bumdeling 1930                 valley, near   the school

3 Rongthong paddy field 1640 On the road side, approx. 18kms
on Trashigang - S/Jongkhar
highway; water-logged
throughout year

4 Yonphula pond 3000 An ephemeral pond
surrounded by pasteur land,
close to the helipad

5 Thimphu Sewage 2500 Highly eutrophic; sampled
 Ponds from the pond receiving

final treatment
6 College Pond 1820 A small man made pond in the

(Kanglung) campus
7 Mechetar Paddy field   250 At foothills in Samtse
8 Ngatshang Pond 1600 Ephemeral Pond, on the way

to Monger
9 Fish Pond, Bhangtar   300 Mostly abandoned village

fish ponds in S/Jongkhar
   10       Sibichang, Dorokha             1150 A small perennial pond on the

                         way to Dorokha from Samtse
   11 Aalay, Mechetar   300                  An ephemeral lake in

   foothills, Samtse
12 Danglingtsho Lake             3460    An alpine lake above Khaling

   town

 Bhattarai. S
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13 Kichu resort ponds               2550 Recreational ponds in a
resort in Paro

14 Gelephug Fishery                  250             Series of warm water fish
            Ponds breeding pools

  15 Bumthang- ponds 2600 Water loggings during rainy
season near the town

16 Bumdeling Paddy field 1920 Paddyfield within
Bumdeling valley

17 Chephu (Radhi) 2740 A shallow pond within an oak
forest on the way to Merak
from Radhi

18 Kanglung Paddy Field 1830 A low temperate paddy field
19 Pangthang Pond 1850 A small pond in Kanglung with

thick growth of Acorus calamus
20 Yorbingtsho 2570 A shallow pond within

Rhododendron and oak mix
forest above Bumdeling valley

21 Pond ‘X’ (near Site 17), 2740 A shallow pond with several
fallen and decaying oak trees

22 Taktakpa 3150 A shallow pond within
Rhododendron and oak mix
forest above yonphula helipad

23 Tshona 4175 A glacial lake in Singye Dzong
area near Bhutan-China border,
partially melted in mid-May

24 Terdalatsho 4250 Similar to Site 23 about half
kilometer from each other

Site Location/name                   Altitude           Other features/remarks
No.                                                        (m)
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Hydrogen ion concentration (pH) of natural waters is governed to a large extent by
the interaction between H+ and OH- ions formed due to dissociation of H2CO3 and
hydrolysis of bicarbonates respectively (Wetzel, 1983). pH of raw water sources
mostly lies within the range of 6.50-8.50 (Webber and Stumm, 1963). pH recorded at
sampled localities in this study ranged from 6.17-8.29 (6.80 ± 0.50), thereby, depicting
a slightly acidic to slightly alkaline nature of waters in Bhutan. More precisely, 13
out of 24 studied sites recorded pH less than 6.8 depicting acidic to slightly acidic
nature of their biotopes. While Site 2 (peat bog) depicted the most acidic condition
(pH 6.17) among the studied ecosystems, the other water bodies with pH less than
6.5 include Site 23 (pH 6.2) < Site 6 (pH 6.24) < Site 7 (pH 6.34) < Site 24 (pH 6.38) <
Site 17 (pH 6.44) < Site 11 (6.48) stated in the order of their decreasing acidity. One
of the water bodies viz. Site 12 (an alpine lake at 3460 m AMSL) shows pH of 7.27
depicting circum-neutral nature. Similarly, three of the ecosystems viz. Site 13 (a
resort pond) and Site 14 (fishery pond) with pH 7.45 each and Site 18 (a paddy-
field) with pH 7.6 fall within alkaline category. Further only one site i.e., Site 5
(sewage stabilization pond) was highly alkaline (pH 8.29). Following the
classification by Venkateswarlu (1983), waters in eight of the sites fall within
‘acidophilus’ category (pH 5.5-6.7) and two in the alkaliphilus (pH 7.5-9.0). The
remaining fourteen water bodies (58%) would fall under ‘indifferent’ (pH 6.5-7.5) or
circum-neutral types. Recorded range and mean values broadly correspond with
lentic ecosystems of Meghalaya (Sharma, 2001) but is marginally lower than earlier
reports by Dhendup and Boyd (1994) in some ponds in Bhutan. Similarly, the
presently recorded ranges and mean values are also lower than Begnas and Rupa
lakes in Nepal (Swar and Fernando, 1979) as well as some wetlands in Kashmir in
the far western Himalayas (Pandit, 1999) and report in three lakes in Kumaon Hill
(Singh, et al., 1982).

Specific conductivity or the ionic concentration of aquatic ecosystems is attributed
to dissolved salts in water and is measured as specific conductance of electrolytes
which, in turn, depicts total conductivity of various ionizable salts present. In this
study the conductivity ranged between 12-500 ìS/cm (72.4 ± 99.2) exhibiting generally
very low ionic concentrations of the sampled water bodies of Bhutan. Except in the
sewage pond (500 ìS/cm) and in a fertilized fish pond (132 ìS/cm), the conductivity
in other 22 natural water bodies ranged between 12-119 ìS/cm (49.2 ± 36.6 ìS/cm)
with the highest being in an ephemeral pond (Site 19) located at 1850 m AMSL.
Further, Site 7 (16 ìS/cm), Site 23 (12 ìS/cm) and Site 24 (14 ìS/cm) registered very
low ionic concentrations (< 20 ìS/cm). These values are generally below the normal
ranges and indirectly indicate lack of adequate essential ions such as nitrate,
phosphate, sodium, magnesium, calcium and iron for desired primary productivity.
The present levels of ionic concentrations are also broadly concurrent with reports
of Dhendup and Boyd (1994) except in one of the locations at Haa in western
Bhutan (170 mS/cm). Similarly, the present values are broadly identical to water
bodies of Meghalaya (Sharma, 2001) but are slightly higher than the reports of
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Swar and Fernando (1979). However, specific conductivity values recorded are
considerably lower than reports of some wetlands of Kashmir (Pandit, 1999) and
also of Anchar Lake in that state (Sarwar, 1999).

Dissolved oxygen is an important indicator of trophic status of aquatic environs
and is the basis for distribution, behaviour and growth of aquatic organisms (Wetzel,
1983). Dissolved oxygen in the studied ecosystems ranged between 2.3-16.0 mg/l
(7.3 ± 3.7).  Of these, ten sites exhibited well oxygenated waters (6.6-16.0 mg/l)
while four water bodies depicted dissolved oxygen < 4.0 mg/l viz. Site 18 (2.3 mg/
l) < Site 5 (2.4 mg/l) < Site 16 (3.5 mg/l) < Site 6 (3.8 mg/l), the last two sites being a
paddy-field at 1920 m AMSL and a small man made pond at 1820 m AMSL
respectively in east Bhutan.

In addition, poor oxygenation was also recorded in eutrophic waters of sewage
stabilization pond (2.4 mg/l) owing to high level of organic matter caused by
decomposing algal bloom (Horne and Goldman, 1994). However, higher dissolved
oxygen in two glacial lakes (16.0 mg/l and 11.0 mg/l respectively) could be due to
greater diffusion of oxygen at low temperature and also apparently due to low
community respiration. In general higher values were recorded in water bodies
from lower altitudes including Site 11 (12.2 mg/l) > Site 10 (12.0 mg/l) > Site 9 (11.2
mg/l), apparently owing to higher partial pressure (Wetzel, 1983). Even though
ranges in the present study vary more widely, mean dissolved oxygen values are
within the normal ranges in the region and are identical to the reports of Sarwar
(1999), Pandit (1999) and Sharma (2001) from the similar ecosystems in the nearby
Himalayas.

Free Carbon dioxide contributes to the fitness of natural waters (Kaushik and
Saksena, 1999) because it serves as a buffer and exists in equilibrium with bicarbonate
and carbonate ions (Wetzel, 1983). The surface waters normally contain 10 mg/l of
free CO2, which is constantly utilized by the primary producers for autotrophic
activities. Free CO2 in the sampled water bodies ranged widely between 2.0-20.0
mg/l (6.6 ± 4.6 mg/l) with maximum values observed in a shallow pond (Site 20) at
3150 m ASL in eastern Bhutan. Minimum levels of free CO2 were recorded in a
fishpond at the foothills (Site 14) indicating its higher uptake by the primary
producers.

Total alkalinity in the present investigations was exclusively attributed to methyl
orange alkalinity, which, in turn, was contributed by bicarbonate ions. A normal
range of total alkalinity is 20-200 mg/l in freshwaters and less than 10 mg/l indicate
poorly buffered water. It exhibited wide variations i.e., between 13.1-240.0 mg/l
(40.9 ± 47.0 mg/l) with highest at Site 5 (sewage stabilization pond) and lowest at
Site 7 (a paddy-field in foothills). Among the other water bodies, four sites exhibited
‘moderately hard’ waters with total alkalinity of more than 50.0 mg/l (Wetzel, 1983
and Payne, 1986) viz. Site 10 (80.0 mg/l) = Site 13 (80.0 mg/l) > Site 19 (68.0 mg/l) >
Site 15 (64.0 mg/l). These vary from a river-fed recreational pond (Site 13) to weedy
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and shallow ponds (Sites 10, 15 and 19) to an occasionally limed fishpond (Site 14).
These water bodies are less susceptible to pH changes and exhibit buffering
properties. The carbonates and bicarbonates ions in these water bodies, which
cause alkalinity, can also remove toxic metals like lead, arsenic and cadmium. On
the other hand, seven water bodies depicted “very soft” characteristic with total
alkalinity of less than 20 mg/l and they are Site 7 (13.1 mg/l) < Site 21 (14.0 mg/l) =
Site 23 = Site 24 < Site 22 (15.0 mg/l) < Site 4 (16.1 mg/l) < Site 12 (18.0 mg/l) < Site
11 (18.5 mg/l) in the stated order of their decreasing alkalinity. Therefore, 70% of
the sampled biotopes represented broadly ‘soft water’ characteristic (21.7 ± 7.2
mg/l) of lentic waters in Bhutan. The recorded values concurred with the earlier
reports from Bhutan by Dhendup and Boyd (1994). Similarly, moderate alkalinity in
six of the sites is considerably higher than waters from Meghalaya (Sharma, 2001)
as well as from a lake in Sikkim (Jain et al., 1999). However, range and mean alkalinity
at 17 other sites correspond with cited reports. On the other hand, the present
mean values are considerably lower than reports from further west viz. Kumaon
and Kashmir (Singh, et al., 1982; Pandit, 1999 and Sarwar, 1999).

Total hardness is mainly attributed to calcium and magnesium along with other
cations such as potassium and sodium in combination with anions like bicarbonate
and carbonate (temporary hardness) and with sulphate and chloride (permanent
hardness). It varies greatly due to differences in geology. Total hardness in the
sampled waters in Bhutan ranged between 7.0-76.0 mg/l (24.1 ± 18.3 mg/l). It depicted
a ‘very soft’ nature of Site 12 (7.0 mg/l) > Site 7 (8.8 mg/l) > Site 11 (9.6 mg/l) > Site
23 (10.0 mg/l) > Site 4 = Site 13 (11.0 mg/l) > Site 20 = Site 22 (12.0 mg/l), representing
diverse ecosystems located at different altitudes. On the contrary, moderately
‘hard-water’ at Site 5 (76.0 mg/l) > Site19 (62.0 mg/l) > Site14 (58.0 mg/l), in turn,
representing the sewage stabilisation pond, a weedy and a marshy pond and a
fishpond respectively, were recorded. All other 13 sampled biotopes fall under the
category of ‘soft-waters’ as per the classification vide Payne (1986). The present
finding broadly corresponded with the earlier reports of Dhendup and Boyd (1994).
However the results are considerably lower than the reports of Quadri and Yousuf
(1988), Sarwar (1999) and Pandit (1999) from western Himalayas, while the recorded
values are largely identical to the ‘soft waters’ of Meghalaya state of Eastern
Himalayas (Sharma, 2001).

Calcium content ranged between 2.5-41.0 mg/l (9.9 ± 10.0 mg/l) at all the sites with
maximum concentration in sewage stabilization pond. However, in rest of the
sampled water bodies, it ranged between 2.5-29.4 mg/l (7.4 ± 6.1 mg/l). While Site 19
(29.4 mg/l) > Site 15 (27.3 mg/l), represented relatively ‘calcium rich’ condition, Site
14 (21.0 mg/l) > Site10 (13.7 mg/l) > Site 18  = Site 6 (12.6 mg/l) are waters with
‘medium’ calcium content comprising a limed fish pond (Site 14) to small ponds
(Sites 6 and 10) and a paddy-field (Site 18); and the remaining 17 sites (70% of the
sampled water bodies) affirmed ‘calcium poor’ conditions. Recorded calcium content
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concurred with the reports of Dhendup and Boyd (1994). But it was significantly
lower than the reports by Pandit (1999) and Sarwar (1999). While the present result
is also lower than in Nainital Lake (Singh et al., 1982), it concurred with the findings
in Naukuchiatal Lake communicated in the above report. In addition, the presently
recorded values are also identical to waters of Meghalaya (Sharma, 2001).

Magnesium is an important component of chlorophyll, a co-factor in enzymatic
transformations (Wetzel, 1983) and is also a factor that contributes to total hardness
of water. It ranged between 0.6-8.5 mg/l (3.4 ± 2.4 mg/l) exhibiting its low
concentrations at all the sampled sites in Bhutan. While the present mean value of
magnesium was only slightly lower than the reports of Sarwar (1999), it is
significantly lower than the reports of Pandit (1999) but broadly corresponded
with reports of Dhendup and Boyd (1994) and Sharma (2001).

Chloride is formed generally from dissolution of salt deposits of sodium, potassium
and calcium and is usually found in low concentration in natural waters (Wetzel,
1983). However, influx from domestic sewage could sufficiently raise its content,
thereby, indicating organic pollution in water bodies. In the present study it ranged
widely between 2.1-42.0 mg/l (7.4 ± 8.0 mg/l) with highest chloride concentration
registered at Site 5 (sewage stabilisation pond) as expected therefore indicated
presence of organic pollutants (Wetzel, 1983). In all other water bodies the recorded
values correspond with the reports of Jain, et al. (1999) and Sharma (2001) but
marginally higher than the earlier reports from Bhutan by Dhendup and Boyd
(1994). However, the chloride content in the present study is still slightly lower
than the report of Pandit (1999) and substantially lower than the report of Sarwar
(1999) from Kashmir areas.
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Current Status of the Odonata of Bhutan: A Checklist
with Four New Records

Amit Mitra1

ABSTRACT

Specimens of dragonflies were collected from Trashiyangtse and Pemagatshel
districts of eastern Bhutan during the months of July and September 2003. One
specimen of Neurothemis fulvia was collected on 5thSeptember2004
SamdrupJongkhar district. Altogether 61 specimens of Odonata belonging to
16 species and subspecies under 13 genera and four families were listed during
the present study, which revealed four new records of odonates for Bhutan viz.,
Orthetrum s. sabina, Acisoma p. panorpoides, Brachythemis contaminata and
Neurothemis fulvia. An up-to-date checklist of 31 species and subspecies of
odonates known till date from Bhutan had also been made. However, since the
collection period was too short and didn’t spread over the whole year, the above
list of odonata from the concerned localities remained incomplete. The survey
did not cover the southern, western and central districts of Bhutan and thus does
not represent a complete checklist of Odonates of Bhutan. An extensive
Odonatological survey needs to be carried out to explore the rich diversity of
these elegant insects and come up with a representative checklist of Odonates
for Bhutan.

KEY WORDS: Bhutan, checklist, dragonfly, new record, Odonata, Pemagatsel,
Samdrup Jongkhar, Tashiyangtse

INTRODUCTION

The insect order Odonata is divided into three suborders - the more delicate weakly
flying damselflies (Zygoptera), the more robust dragonflies (Anisoptera) and a
relict group of primitive dragonflies (Anisozygoptera). However, the odonatologists
of the recent world commonly use the term “dragonfly” for the members of all the
three suborders. According to Silsby, 2001, eight super families, 29 families and
some 58 sub-families of dragonflies for approximately 600 genera and 6000 named
species have so far been described all over the world.

1Department of Zoology, Sherubtse College, Kanglung, Bhutan.
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Dragonflies are predaceous, hemimetabolous and amphibiotic insects, which
inhabits all kinds of freshwater habitats either permanent or temporary. Odonata
experiences two totally different life styles. In almost all cases, the egg and larval
stages are aquatic where as the adults are terrestrial (Silsby, 2001). The prey of the
adults consists mostly of the harmful insects of crops, orchards and forests and
thus has a regulatory impact on the agro-forestry. Their aquatic larvae constitute
a natural biological control over mosquito larvae and thus help to control several
epidemic diseases like malaria, dengue, filaria etc. (Mitra, 2002).

Being situated on the southern slopes of the Eastern Himalayas, the Kingdom of
Bhutan is landlocked between China in the north and India to the east, south and
west. Although quite a lot of work had already been done on the odonates of India
and China, Bhutan is significantly little explored as far as the odonata diversity is
concerned. Lieftinck (1977) reported only six species of odonates from Bhutan viz.,
Caliphaea confusa, Megalestes major, Lestes (Indolestes) cyaneus, Calicnemia
mortoni, Davidius baronii and Cephalaeschna triadica and those were collected
by the members of the “Zoologische Expedition des Naturhistorischen Museums
Basel in das Konigreich Bhutan” in 1972. Tsuda (1991), in his distributional list of
World Odonata, had enlisted only nine species from Bhutan that had added Lestes
concinnus, Aeshna p. petalura and Anax nigrofasciatus nigrolineatus to
Lieftinck’s (1977) list. Unfortunately, it was a mere checklist without any locality
data or other information.  Mitra (2002) had recorded 23 species and subspecies of
odonates belonging to 18 genera under 10 families from Trashigang district in
Eastern Bhutan that had added 18 new records to the existing list of odonata of
Bhutan. During the present study 13 species and subspecies of odonata belonging
to 11 genera fewer than four families were collected from the Trashiyangtse district;
four species belonging to three genera under a single family were collected from
Pemagatshel district and a single specimen of Neurothemis fulvia was collected
from Samdrupjongkhar district by one of my students. All of these Odonates were
maiden records from the localities concerned but four among these were new
records for Bhutan as a whole and with this the checklist of Odonates for Bhutan
had been extended up to 31 species and subspecies.

MATERIALS AND METHODS

Most of the samples were collected during a period of four days survey carried out
in Tashiyangtse district of eastern Bhutan in July 2003. A few specimens were
collected in September 2003 during a five days field visit to Pemagatsel district.
The following localities were surveyed in the two districts of Tashiyangtse and
Pemagatsel.
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Tashiyangtse District:
Loc. 1:  Tashiyangtse proper was surveyed on 19 July 2003.Collections were made
from twosmall streams at an altitude of 1750m and the surrounding paddy fields.

Loc. 2: Bumdeling valley at an altitude of 2000m was surveyed on 20 July 2003.
Collections were made from two small marshy ponds, few slow-running marshy
streams and the agricultural fields surrounding the river Drangmechhu.

Loc. 3: Chorten kora was surveyed on 21 July 2003. Collections were made from
a small pond (altitude: 1745m) situated half km away  from the proper Trashiyangtse.

Pemagatsel District:

Only four species of Odonates were collected while going on foot through the
hilly terrains from the following localities on respective dates.

Loc. 4: Nangkhor (1300m): 10 September 2003.

Loc. 5: Khar (1200m): 12 September 2003.

Loc. 6: Pemagatsel proper (1800m): 13 September 2003.

A total of 60 Odonata specimens were collected from the above localities using an
insect net of 30 cm diameter. A single libellulid had been sent to me by one of my
student of the district Samdrup Jongkhar (Loc. 7) that had been collected on 5
September 2004. Collections were made from all the different type of habitats like
agricultural fields, weedy ponds, fast flowing streams, slow running marshy streams,
riverbanks etc. Identification of the specimens was facilitated with the help of
identification key provided by Fraser (1933,’34,’36) and the description given by
Lieftinck (1977) in his foremost work on Bhutan odonates. Specimens had been
persevered accordingly for their further submission to the museum maintained by
the Life Science Departments of Sherubtse College, Kanglung, Bhutan.

RESULTS

A total of 16 species and subspecies of odonates spreading to five zygopterans
and 11 anisopterans and belonging to 13 genera under four families that had been
collected during the present study are listed below. The list also includes their
locality data as well as the number of individual males and females collected.
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1. Ceriagrion fallax cerinomelas Lieftinck, 1927 – Loc. 1: 3B&, 2@&; Loc. 2:
1B&.

2. Ischnura a. aurora (Brauer, 1865) – Loc. 2: 1B&.
3. I. forcipata Morton, 1907 – Loc. 1: 1B&; Loc. 2: 2B&, 1@&.
4. Calicnemia eximia (Selys, 1863) – Loc. 1: 2B&, 3@&; Loc. 2: 1B&, 1@&.
5. Indolestes cyaneus (Selys, 1862) – Loc. 2: 1B&.
6. Orthetrum t. triangulare (Selys, 1878) – Loc. 1: 2B&, 3@&; Loc. 6: 1B&,

1@&.
7. *O. s. sabina (Drury, 1770) – Loc. 4: 2@&.
8. O. taeniolatum (Schneider, 1845) – Loc. 1: 1B&, 2@&; Loc. 3: 1B&, 1@&.
9. *Acisoma p. panorpoides Rambur, 1842 – Loc. 3: 2B&, 1@&.
10. *Brachythemis contaminata (Fabricius, 1793) – Loc. 4: 1B&.
11. Crocothemis s. servilia (Drury, 1770) – Loc. 1: 1B&, 1@&; Loc. 2: 3B&, 1@&.
12. Diplacodes trivialis (Rambur, 1842) – Loc. 1: 2B&; Loc. 3: 1B&, 1@&.
13. *Neurothemis fulvia (Drury, 1773) – Loc. 7: 1B&.
14. Sympetrum commixtum (Selys, 1884) – Loc. 2: 3B&, 2@&.
15. Palpopleura s. sexmaculata (Fabricius, 1787) – Loc. 1: 1B&, 1@&; Loc. 2:

1B&, 2@&; Loc. 4: 1B&.
16. Pantala flavescens (Fabricius, 1798) – Loc. 2: 2B& (Lot many were seen on

wing).
(*   represents the new records)

Compiling the results obtained from the present study together with the lists of
Lieftinck (1977), Tsuda (1991), Mitra (2002), an updated checklist of dragonflies for
Bhutan has been prepared.

Checklist of Dragonflies for Bhutan Known till Date

Order             – Odonata
Suborder – Zygoptera
Superfamily – Coenagrionoidea (Closed wings)
Family – Coenagrionidae (Pond damselflies)
Subfamily – Pseudagrioninae
Genus – Ceriagrion Selys, 1876

1. Ceriagrion fallax cerinomelas Lieftinck, 1927
Subfamily – Ischnurinae
Genus             – Ischnura Charpentier, 1840

 2. Ischnura forcipata Morton, 1907
 3. I. a. aurora (Brauer, 1865)

Family – Platycnemididae (Brook damselflies)
Subfamily – Calicnemidinae
Genus              – Calicnemia Strand, 1926
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 4. Calicnemia eximia (Selys, 1863)
 5. C. mortoni (Laidlaw, 1917)

Superfamily – Lestoidea (Open wings)
Family – Lestidae (Reedlings)

Subfamily – Sympecmatinae
Genus – Indolestes Fraser, 1922

6. Indolestes cyaneus (Selys, 1862)
Subfamily – Lestinae
Genus – Lestes Leach, 1815

7. Lestes concinnus Hagen in Selys, 1862
Family – Synlestidae (Sylphs)
Subfamily – Megalestinae
Genus – Megalestes Selys, 1862

8. Megalestes major Selys, 1862
Superfamily  – Calopterygoidea (Broad wings)
Family – Calopterygidae (Demoiselles)
Subfamily – Caliphaeinae
Genus – Caliphaea Selys, 1859

9. Caliphaea confusa Hagen in Selys, 1859
Family – Euphaeidae (Gossamer wings)
Genus – Anisopleura Selys, 1853

10. Anisopleura comes Hagen, 1880
Suborder – Anisoptera
Superfamily – Aeshnoidea (Angle wings)
Family  – Gomphidae (Clubtails)
Subfamily – Onychogomphinae
Genus – Onychogomphus Selys, 1854

11. Onychogomphus biforceps (Selys, 1878)
Subfamily – Gomphinae
Genus – Davidius Selys, 1878

12. Davidius baronii Lieftinck, 1977
Family – Aeshnidae (Hawkers)
Subfamily – Aeshninae
Genus – Anax Leach, 1815

13. Anax nigrofasciatus nigrolineatus Fraser, 1935
Genus – Aeshna Fabricius, 1775

14. Aeshna p. petalura Martin, 1906
Subfamily – Brachytroninae
Genus  – Cephalaeschna Selys, 1883
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15. Cephalaeschna triadica Lieftinck, 1977
Superfamily  – Libelluloidea (Dippers)
Family  – Corduliidae (Emeralds)
Subfamily       – Macromiinae
Genus  – Macromia Rambur, 1842

16. Macromia moorei Selys, 1874
Family  – Libellulidae (Perchers)
Subfamily  – Libellulinae
Genus  – Orthetrum Newman, 1833

17. Orthetrum t. triangulare (Selys, 1878)
18. O. s. sabina (Drury, 1770)
19. O. taeniolatum (Schneider, 1845)
20. O. pruinosum neglectum (Rambur, 1842)
21. O. luzonicum (Brauer, 1868)

Subfamily  – Sympetrinae
Genus  – Acisoma Rambur, 1842

22. Acisoma p. panorpoides Rambur, 1842
Genus  – Brachythemis Brauer, 1868

23. Brachythemis contaminata (Fabricius, 1793)
Genus  – Crocothemis Brauer, 1868

24. Crocothemis s. servilia (Drury, 1770)
Genus  – Diplacodes Kirby, 1889

25. Diplacodes trivialis (Rambur, 1842)
Genus  – Neurothemis Brauer, 1867

26. Neurothemis fulvia (Drury, 1773)
Genus  – Sympetrum Newman, 1833

27. Sympetrum commixtum (Selys, 1884)
Subfamily  – Trithemistinae
Genus  – Trithemis Brauer, 1868

28. Trithemis aurora (Burmeister, 1839)
29. T. festiva (Rambur, 1842)

Subfamily  – Palpopleurinae
Genus  – Palpopleura Rambur, 1842

30. Palpopleura s. sexmaculata (Fabricius, 1787)
Subfamily       – Trameinae
Genus  – Pantala Hagen, 1861

31. Pantala flavescens (Fabricius, 1798)

Note: All the scientific and common names of the different taxa are as per Fraser
(1933, 34, 36), Prasad and Varshney (1995) & Silsby (2001).
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DISCUSSION

Earlier 23 species of Odonates have been recorded from the Trashigang district
(Mitra 2002) of eastern Bhutan. During the present study four species and
subspecies of odonata consisting of four anisopterans viz., Orthetrum s. sabina,
Acisoma p. panorpoides, Brachythemis contaminata and Neurothemis fulvia, have
been recorded for the first time from Bhutan. However, due to the short study
period and the lack of seasonal coverage, the present list of Odonates from the
concerned localities is still incomplete. Moreover, the present study only included
certain parts of three eastern districts and places in western, southern and central
districts have not been Odonatologically explored. The number of odonata species
known from Bhutan (31) till date is very little in respect to Nepal (172), Bangladesh
(114), Srilanka (111) and India (499) (Prasad and Varshney 1995). Being one of the
global hotspots of biodiversity and remaining sandwiched between India and
China, Bhutan needs an extensive survey to explore its rich Odonate diversity,
which will certainly contribute to the list of the world Odonata. Until this is done,
the list of Odonates for Bhutan will remain incomplete.
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Demonstration of Integrated Rice-Fish Culture
under Bajo Research Conditions

Dawa L Sherpa1

ABSTRACT

Rice and fish go together as food in many parts of the world and so is in Bhutan.
The synchronous system of fish cum rice culture is adopted for productive
utilisation of land both for crop and fish production to supplement the income to
the farmers. Pursuant to this view, two years experiment was carried out at Bajo,
Wangdue to validate the information generated by fishery researchers afresh.
The plots were renovated by excavating canals, pools or trenches to retain
water. This would provide shelter to fish and stored water could be used for the
irrigating crops.  ‘I” shaped trenches were dug with depth of 80cm and width of
60 cm on top on both sides of the plots.

The two years experiment indicated that the growth rate of Common carp
(Cyprinus carpio) was found to be much higher compared to Grass carp
(Ctenopharyngondon idella). The first year results revealed that Common carp
weight ranged between 170-410 gm compared to 30-80 gm only from that of
Grass carp within a period of 90 days.  In total, Common carp yielded 11.2 kg
and 3.5 kg Grass carp. During the second year of experiment, the yearlings were
reared instead of fingerlings. About 200 Common Carp and Grass Carp were
released in the field. The fish were harvested at 110 days of growth period in the
rice field. On the day of harvest 190 out of 200 Common Carp were counted
which yielded 15 kg in total. Out of a total of 200 Grass Carp yearlings released
only 60 were found available on the day of harvest. The total yield from Grass
Carp was only 3 kg. Further it was noted that their growth rate was optimal and
overall survivability was found to be quite good amongst the species. Some
degree of predation was noticed by aquatic birds which was unavoidable. The
fingerlings might have also escaped through the holes of the bunds made by
insects and rodents especially during night time that ultimately contributed to
over loss. However during the entire trial period no major mortality and diseases
occurrences were observed.To validate existing information and draw suitable
future recommendation, more research needs to be conducted on-farm.

KEYWORDS: Rice fish culture, integrated, grass carp, common carp, feeding,
yield, comparative

1Renewable natural Resources Research Center, Bajo, Wangdue
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INTRODUCTION

Rice- fish culture consists of stocking of fish seed in rice field where rice is the
principal crop and fish culture has to adapt to the conditions and requirement of
the rice crop. The main advantages of this system are reported to be:

• Economic utilisation of land both for the production of rice and fish
• Diversified cultivation; the production in one crop can be compared

with the production of other
• Animal protein, an important component of human diet, can be

acquired by rice-fish culture system
• Rice production is increased by 10-15% (Pradhan, 1979) due to

increased organic fertilization and reduced insect and pest pressure
(Schuster et al 1955)

• Helps in eliminating some of the major weed that pose threat to rice
farming

• Less labour and production costs are incurred in this system as extra
labour cost is compensated by fish feeding in weed which otherwise
require manual weeding.

• It is a beneficial opportunity to obtain better income for the farmers.

Some of the fish species commonly raised in rice system are Grass Carp
(Ctenopharyngondon idella) and Common Carp (Cyprinus carpio). These fishes
have the habitat of feeding extensively in phytoplankton, zooplankton and minute
algae that are commonly available to them in the rice field. These fishes grow well
in the rice-fish culture system. Research conducted by National Warm Water Fish
Culture Centre, Geylegphu compared the yield differences and economics of
growing rice as mono crop and with rice-fish culture system. Some of their results
are quite interesting although research in other locations have not been conducted
till date  It is therefore felt imperative to carry out a similar kind of study in Wangdue
to share our findings on this integrated approach and their comparative advantages
with relevant stakeholders and the farmers.

OBJECTIVES
• To demonstrate integrated rice-fish production methods to the rice-based

farmers, to provide options for the farmers as an additional source of
income and family nutrition through this integrated farming approach

• To understand the influence on rice yield  as a mono crop and  as rice-fish
system

Dawa L Sherpa
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MATERIALS AND METHODSMaterials

During the first year, about 800 Grass Carp and Common Carp fingerlings were
procured from Geylegphu. In the second year, 400 numbers of Common and Grass
Carp yearlings were introduced in the same plots. The rice field having areas of
600m2 were readied after consultation with the field crop colleagues where there
was perennial source of running water. One large terrace was used for this
experiment. The other material required was the wire mess net to prevent the mixing
of fingerlings from another compartment. Supplement feed consisting of maize
grit, rice bran and oil cake were fed to fish. In addition to this, fresh manure
application from time to time was done to maintain plankton’s population and
diversity.

Methods

Field Trial Setting

A 600m2 rice terrace was divided into two compartments of equal size for Common
Carp and Grass Carp. The plots were netted with wire mess to prevent mixing of
fish from one compartment to other. In the first year, about 400 numbers each of
Grass Carp and common Carp fingerlings were introduced. During the second
year, about 200 Common and Grass Carp yearlings were released. Both the plots
were transplanted rice of same variety. A minimum area of 600m2 was maintained in
both plots to allow fish growth. The fingerlings were stocked at the rate of 0.2 per
square metre for Grass Carp and 0.1 for Common Carp as minor stocking in
experimental field of circular trench when the fingerlings are of 10-12cm length and
9-12 gm weight. For the rectangular trench, the stocking rate is 0.6 per meter square
and as the fingerlings grew the size was gradually increased to 2.5 m2 / fish.  In the
inlet and out lets, the wire mess was netted to prevent mixing of fishes and to
regulate water level and maintain water temperature. A trench of 80cm wide and
80cm deep was made throughout the plot from two sides to maintain regular water
flow and also to ease fish harvest. A minimum of 6-10cm deep water levels was
maintained in the rice field at all time. The water temperature was maintained between
25-30oC. The rice was transplanted at a distance of 15-20 cm plant to plant and a
row distance of 20cm. Data on the growth rate; disease incidences, , supplement
feeding and other production variables were collected. The fish was reared till the
time of the rice maturity and harvested a week before rice harvest.  The rice and
fish yield from treatment plots and rice production from control plots were assessed
and quantified. Direct cost benefit analyses were done to compare the outcome of
the trial.
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Agronomic Practices of Rice- Fish Culture

For rice production, basal dose @ of 150kg of SSP per acre was applied. In addition,
it was top dressed with within 20-30 days of rice transplantation @ 60kg/ acre.
After 15 days of paddy transplantation, the fingerlings were introduced. This gap
was maintained to prevent damage of freshly transplanted rice by fish especially
Grass Carp. The fish were harvested few days (3-5 days) before paddy harvest to
dry the plot for the rice harvest.

Feeding Arrangements

Grass Carp feeds on phytoplanktons that are grown in the rice field and Common
Carp being omnivorous and bottom foraging fish; mostly feed both on
phytoplankton and to lesser extend on zooplanktons. Manure / fertilise application
was therefore applied in the field from time to time for maintaining sufficient growth
of these planktons. Fish were also supplemented with 3 kg of feed per week
consisting of maize grit, rice bran and oilcakes. About 2 kg fresh fodder leaves
(Ficus, Napier, Alfalfa and White clover) was also supplemented with the feed
weekly.  The water temperature to 15o C and about knee high water level were
regulated for faster growth of fish as well as the planktons. The unwanted aquatic
weeds like Monochoria vaginalis, Cyperus difformis, Schoenoplectus juncoides,
Echinichloa crus-galli (Chris Parker, 1992, Weeds of Bhutan) were removed manually
to facilitate free movement of fish.

RESULTS

Comparative Fish Yield

It was observed that the growth rate of Common carp was found to be much faster
and higher than the Grass carp. The Common carp weighed between 170 gm to 410
gm compared Grass Carp which weighed 30-80 gm in a period of three months.
Further it was noted that their growth rate was optimal and overall survivability
was found to be to be better than Grass carp.

Some degree of predation by aquatic birds was noticed which was beyond our
capacity to control it. Some fingerlings were found to have escaped through the
holes of the bunds made by insects and rodents especially during night time that
ultimately contributed to over loss. However during the entire trial period no major
mortality and diseases occurrences were observed.
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The first trial was terminated on 20 October 2004 and the fishes were harvested one
week prior to paddy harvest and weighed. In total Common carp yielded 11.2 kg
compared to 3.5 kg from Grass carp.

During the second year of experiment, the yearlings were used instead of fingerlings.
About 200 each of Common Carp and Grass Carp were released in the field. The
fishes were harvested at 110 days of growth period in the rice field. On the day of
harvest, 95 percent survival was recorded of Common Carp weighing 15 kg in total
with an average weight of 79 gm each. Low survival rate of 30 percent from Grass
Carp was recorded on the day of harvest. The average weight was 100 gm each
weighing 3 Kg of total production from Grass carp as indicated in Table 1.

Table 1: Fish species, quantity and yield of two years experiments

  Fish species                      Year 1            Year 2
                              N (number of              Average                    n                 Average
                              observation)               weight                                          weight

  Common                     6          170-410 gm*              190      79 gm
  Carp

  Grass Carp         6      30-80 gm* 60
  100 gm

Note: weight in range; counting was not done at the time of harvest to derive the
average weight

Comparative Rice Yield Assessment

The paddy yield from treatment and control plots were assessed and quantified. It
was observed that on an average, rice yield was higher from plot where Common
Carp was introduced (8 t/ha) compared to Grass Carp plot (5.8 t/ha) as indicated in
Table 2. Rice production was also higher from Common Carp introduction plot (8 t/
ha) compared to control plot without fish culture (5.8 t/ha).

Table 2: Rice yields of  two-year experiments
    Experiment plots      Average yield                Average Yield             Mean

     (T/Ha) Year 1          (T/Ha) Year 2
    Common Carp plot               7.5                     8.3           8
    Grass Carp Plot               5.0                     6.6         5.8
    Control plot               6.4                     5.2         5.8
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Looking at yield differences with and without treatments, the findings indicated
that it is economical and advantageous in growing rice through introduction of
Common Carp fish species than as mono crop under Bajo’s conditions. Even
through the paddy yield was much lower where Grass Carp was introduced.
However, it had an additional advantage of fish harvest and Sochum (Potamogeton
distinctus) weed being controlled to a large extent because of its feeding habitat.
Though there was no yield difference in the plots of Grass Carp and the Control
plot but still the plot with Grass Carp had higher economic return compared to the
Control plot without fish. Also it had been indicative that the yield from the Grass
plot was comparative to Control plot yield even beside the feeding habit of Grass
Carp on rice plants.

Economics of Rice-Fish Culture with Rice as Monoculture:
A Simple Cost Benefit Analysis

The findings (in Table 3) revealed that the return from the rice-fish culture was
higher compared to rice as monoculture. The rice-fish plot with Common carp
yielded highest both in terms of paddy production and fish yield followed by
Grass carp. The comparative finding is very apparent from Grass carp plot and
Control plot paddy yield. Though the paddy yields were same but in terms of
gross return, the Grass carp with rice appears better economically. There is greater
assurance from fish harvest even during the time of crop failure due to natural
calamities. Therefore, polyculture maximises production compared to monoculture.

Table 3. Simple economic analysis of rice-fish culture with rice as mono-crop.

  Treatments Rough rice          Sale of               Fish             Sale of          Gross
                          rough rice                                   fish            Income

                         Yield, Kg    Rate                         yield (kg)   Rate                      (Rice + Fish)

   Common          237       12/Kg       2844      13        85/Kg   1105           3949

  Carp plot

  Grass                174                        2088   3.25                        276         2364

  Carp plot

  Control Plot      174                       2088            00                00             2088
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Effective Shochum (Potamogeton Distinctus) Control by Fish

Common weed of rice known as Shochum infests paddy resulting in decline in rice
yield in west and west-central region. This very weed is a type of phytoplangtons
that Grass Carp nourishes. One of the aims of introducing fish in rice was to study
the feeding habits of Grass Carp on this weed and in the trial plot where Grass Carp
species was introduced there Shochum was not seen indicating that Grass Carp
species is a selective forager and eats Sochum available in the rice field.

Problems Encountered

• The main problem encountered was the regulation of water level in the
rice field. The water level had to be continuously monitored as the rodents
and insects made holes through which the water sieved resulting into
low water level in the rice field. The low level of water in the field also
checked the moment of fish in the rice field.

• The other problem was the predation of fish mostly Grass Carp by the
aquatic birds resulted into low Grass Carp yield at the end of the experiment.

• It was also observed that if the fish are introduced too early the Grass
Carp were tempted to eat freshly transplanted rice plant. The problem
was serious on introducing Grass Carp yearlings. This might be attributed
to low rice yield at the end of the experiment.

• Size of fish harvested was small due to short growth period
• The present status of rice-fish culture is very unsatisfactory due to poor

extension activities and the cultural system being new to the people.

CONCLUSION

Although economic analysis was not done, rice fish culture seems to be viable in
in the rice growing areas with perennial irrigation system. Rice yield seems to
increase with rice-fish culture especially with grass carp and control of weed is
also possible and fish can be harvested from the same field for utilisation of the
land. Therefore, such activities should be strengthened to accelerate the prospect
of rice-fish culture system in future. However, this information could be validated
further by conducting similar experiments at farmers’ field to draw strong
recommendations on this integrated farming approach at the wider scale. It is
expected that this study would also help to some extent to those interested to opt
such polyculture production system to boost their production and income.
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