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Foreword 

THE National Training Programme on Rice-based Cropping Systems for different 
Ecologies sponsored by the Directorate of Extension, Ministry of Agriculture, 

Government of India is being organised at the Central Rice Research Institute, Indian 
Council of Agricultural Research, Cuttack, from 02 August 1999 to 09 August 1999 for 
the Extension Officers of various states. The concept of rice-based cropping system aims 
at maximising resources available with the farmers to increase crop intensity and add 
more avocations in the farm to increase over all production per unit area, and in the 
farm income. 

Progress in rice research for the past few years has made it possible to harv^est 
rice earlier, whenever, there is sufficient moisture in the soil, allowing for one more crop 
on the same land in year in quick succession. There is also a possibility of harvesting 
rain water, and to use it as a life-saving irrigation for the next crop. Crops needing 
lesser ^vater- for its development have been identified. It is also possible to add 
avocations such as fishery, birds, piggery, horticultural crop, and vegetable in rainfed 
lowlands for suitable habitat improvement and management. 

We are pleased to organise this training, and look forward to the Extension 
Officers of various states in extending help to farmers' in translating this technology 
into actual practice, and also to increase farmers' income in a sustained manner. Recent 
trends in agricultural technology and dissemination involves the extensive use of 
computers. For the first time, in this training programme, an introduction to computer 
systems and the world wide web has been included, so that trainees can get information 
on the internet for their use. 

' I thank Dr. M. Venugopalan, Principal Scientist and - Head, Extension, 
Communication and Training, and his team for coordinating and conducting this 
training programme, and also to the resource scientists of this institute for providing the 
training to the tiainees. 

We hope that this lecture note will be useful to the trainees in implementing rice-
based cropping system at the farmers' level. 

K.c 
(K.C. Mathur) 

Director 
Central Rice Research Institute 

Indian Council of Agricultural Research 
Cuttack (Orissa) 753 006 

India 



Preface 

THE primary objective of Rice-based Cropping System is to include two or more 
crops for increasing tlie crop intensity ancl crop production per unit area and time 

without hampering soil fertility. This requires selection of right varieties suitable for 
agroclimatic regions, management of soil, fertilizer, weeds, water, control of pests and 
diseases, and superior management of timely operations. The Rice-based Cropping 
System besides helping in food production, also generates employment potential in the 
village throughout the season as well as improves the economic condition of the 
farmers. 

The National Training Programme on Rice-based Cropping Systems for different 
Ecologies under the financial assistance the Directorate of Extension, Ministry of 
Agriculture, Government of India, New Delhi, from 02 August 1999 to ()9\August 1999 
for Extension Officers of different states is being held at CRRI, Cuttack. 

Dr. K.C. Mathur, Director, CRRI, has indicated the importance of Rice-based 
C'roppinj; S\'slen)s for increasing crop production, and its scope for adoption. The 
lecture notes inckuied in this training manual by our resource scientists are based on 
their experiments and experience in their respective subjects. 

1 hope that this lecture notes would result in better performance of the task 
involved in Rice-baseci Cropping Systems. I thank the Director, CRRI, and the 
Directorate of Extension, Ministry of Agriculture, Government of India, New.Delhi, for 
their cooperation and help for organising this training programme. I also thank the 
Staff Members of the Division of Extension, Communication, and Training, CRRI, for 
their wholeliearted support and cooperation. 

(M. Vehugoppalan) 
Course Coordinator 

Principal Scientist and Head 
Dij'ifsion nfF.xlensinn, C.n)}i})uniii'nl)(m, and Trnining 

Central Rice Research Institute 
Indian Council of Agricultural Research 

Cuttack (Orissa) 753 006 
India 
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RICE AND RICE BASED CROPS IN DIFFERENT ECOSYSTEMS 
IN INDIA - ISSUES AND STRATEGIES 

Dr.K.C.Mathur 
Director 

CRRI, Cuttack t 

Agricultural production in general and food grain production in 
particular are playing a significant role in India to meet the ever growing 
demands of increasing population. Among food grains, rice alone contributing 
about 40 per cent with a current production level of 84 million tonnes harvested 
from about 43 million hectares. In fact, agricultural productivity of a nation is 
measured not in terms of quantum of production of any particular crops, but in 
terms of out put per unit area per unit time. This is often expressed of cropping 
intensity. If a single crop of rice is grown in a year on a piece of land, then the 
cropping intensity of that land is expressed as 100. If two crops are grown, then 
the cropping intensity becomes 200 and so on. The available data reveals that the 
average cropping intensity for the country is 125, indicating that only 25 per cent 
of the arable land is double cropped. However, the cropping intensity varies 
from region to region and state to state. Generally, the cropping intensity is 
depends up on, the several coplicated factors of which source of water is an 
important factor. Based on the cardinal issuses of hydrology and its diversity, the 
rice lands are gropped into the following three main categories : 

A. Irrigated 
B. Rainfed uplands 
C. Rainfed lowlands 

A. Irrigated 

This ecology occupies 17.8 million hectares in the country accounting for 
only 42 per cent of the total rice land with an average yield of 2.24 t/ha. High 
yielding rice varieties released so far for this ecosystem are 272 of which 24 from 
Central Rice Research Institute (CRRI). 

The concerns 

• Disciplined delivery of water and drainage 
• Crop growth duration ranges from 90 to 145 days 
• Mostly grown with dwarfs, although in pockets semi-tall/tall are grown 
• Management of nutrients are importemt 
• Grown as pre-monsoon, monsoon and post monsoon (summer crop) 



• Management of many serious biotic stresses during the entire crop growtli 
period 

Rice-based cropping sequences used by farmers in different areas 

Rice-Rice-Rice * 
Rice-Wheat-Rice 
Rice-Rice-Legumes/Groundnut 
Rice-Lee;umes-Rice 
Jute-Rice-Rice/ Wheat/ Potato 
Rice-Vegetables/ Legumes 
Rice-Wheat-Vegetables/ Legumes/ Fodder 
Rice-VN îeat 
Rice-Cotton 
Rice-Legumes/ Oilseed 

B. Rawfed Uplands 

This rice occupies 7.0 million hectares and contributes 6.0 million tonnes 
to the total rice production. Till recently, non-availability of suitable varieties has 
been the prime constraint for increasing rice production and productivit}'. As a 
consequence, 95 high yielding rice varieties has released of which 12 from CRRI. 

The concerns 

• Management of periodical and terminal drought 
• Drought escape and tolerance mechanisms 
• Low yield potential for traditional varieties being used 
• Resistance/tolerance to blast, brown spot, stem borer, gundhi bug and 

termites 
• Replacement of broadcast method with line sowing 
• Improving crop stand 
• Management of weeds 
• Management of soil fertility and moisture 

Rice-based inter and sequence crops taken by farmers in come areas 

• Green gram. Pigeon pea. Groundnut, Cowpea and Black gram are ideal as 
inter crops 

• Groundnut and Green gram are good sequence crops 

C. Rainfed lolands 

Based on the depth of standing water and its duration, this ecoiog}' is 
further divided into three sub-systems viz., favourable lowlands (0-40 cm water 
depth), un-favourable lowlands (41-75 cm water depth) and deep water rice (76-



120 cm water depth). However, the levels of water depth are not rigid. When 
monsoon fails some un-favourable lowlands become favourable lowlands. 

Favourable lowlarids 

This ecosystem is considered almost similar to irrigated system. Total area 
under this ecosystem is 10 million hectares. Dry seeding in May ensures better 
stand. The average productivity of rice in this ecosystem is 1.2 t/ha. High 
yielding rice varieties released so far for this ecosystem are 100 of which 8 from 
CRRI. 

The concerns 

• Suitable varieties with high yielding potential, desired type of photo­
sensitivity and submergence tolerance 

• Crop stand establishment for direct seeded crop 
• Replacing beaushening with line seeding coupled with interculturing or 

improving beaushening practice 
• Use of blends both organic and inorganic fertilizers 
• Tolerance to pests and diseases 
• Rice-fish-different crop farming system 

Suitable relay and rice based cropping systems with pulses • 

Rice-based crop sequences taken by farmers in certain areas 

Groundnut, tomato, cucurbits, pigeonpea, blackgram, greengram, 
mustard and okra as sequence crops. 

Un-favourable lowlands 

This ecology^ occupies 6.0 million hectares. Rice crop is direct seeded in 
April and Mav. The average productivity is 1.0 t/ha. Basal application of 
fertiliser helps to maintain plant population as splits are not possible. High 
yielding rice varieties released so far for this ecosystem are 40 of which 8 from 
CRRI. 

The concerns 

• Development of semi-tall, stiff strwed, large panicle type varieties with 
desired type of photosensitive, thermo-insensitive and tolerance to cycles by 
submergence 

• Tolerance to drought at initial crop growth stage 
• Maintenance of plant population 
• Tolerance to stem borer, cut worm, bacterial blight, iron toxicity and Zn 

deficiency 
• Improving rice-fish farming system 



Suggested rice based crop sequences 

Green gram and Cowpea are suitable sequence crops. 

Deep-water rice 

The total area under this type of rice cultivation is 1.5 million hectares. 
General!}' water level is around one meter and in some cases it may reach up to 
3-5 meters. Seedin in March-April ma}^ results good yields. The average 
productivity is 0.6 t/ha. High yielding rice varieties released so far for this 
ecos}'stem are only 5. 

The concerns 

• Varieties with high yield ^vhich elongate if needed and tolerance to YSB and 
Ufra and repeated submergence 

• Maintaining good plant population 
• Agronomic management of the crop 
• Use of different cropping systems to reduce YSB, bacterial blight, nematodes, 

rats and weeds incidence 

Rice-based crop sequences which some farmers take in different regions 

Vegetables, Mustard and Lentil as sequence crops. 

Issues And Strategies 
- o * 

There is need to increase rice production and sustain it in all rice growing 
environments of the countr}^, giving due emphasis to consolidate the yield gains 
already achieved in irrigated ecosystem and to increase the yield levels further 
under the ecologically harsh environments of the rainfed ecosystem. Add more 
avocations on the farm to increase farm income. 

The major issues are: 

hicreasing rice productivit}^ 
Achieving sustainability by conserving the resource 
endowments 
Protecting fragile environments 
Relieving pressure on potential environments 
Adding more farm avocations to reduce dependance on off farm 
activities 
Addressing issues of social equit\' 
Increasing opportunities for women in rice farming and reducing 
their drudgery 



strategies: 

Some of the major strategies to achieve the production target about 95-99 
million tonnes of rice by 2000 AD are as follows: 

1) Consolidation of yield gains under irrigated ecology and utilise hybrid 
rice technology and Boro rice production system 

• Understanding and arrest the decline in yield and sustain yield growth with 
IPM, INM, IDM and soil health care 

• Raising productivity with new plant type, hybrid rice and Boro rice 
• Improve fertilizer use efficiency 
• Add/substitute more value crops 

2. Enhancement of production and productivity of rainf ed ecology 

• Development of better adapted HYVs 
• Risk distributing crop management techniques 
• Raising genetic yield celling by exploitation hybrid vigour and new plant 

type 
• Exploitation of productive but underutilised environments through lowland 

Boro rice or deepwater and Boro system 
• Adding more on farm avocations like rice-fish farming system, seed 

multiplication, poultry, piggery, horticulture etc. 

3) Cost effective and environment friendly production technologies in all 
ecosystem 

• Integrated pest management (1PM), & integrated weed management (IWM) 
and integrated disease management (IDM) 

• Integrated nutrient management (INM) 
• Alternative weed management practices 

If efforts are intensified in the most favourable areas for rice, the 
production can be sharply increased with the present day technology, provided 
the necessar}' support is made available in the form of required inputs. 
Consolidation of yield gains under irrigated conditions can be achieved by 
understanding the problems associated with the decreasing fertiliser use 
efficiency and unstable production growth and checking them properly. Soil 
health is another critical issue. Rice has to be made competive to other high 
value crops which may replace rice in many irrigated rice areas. Similarly, for 
enhancement of production and productivity in rainfed areas, suitable high 
yielding varieties are needed coupled with proper nutrient management. 



Exploitation of hybrid vigour in rice is well recognised as an appropriate 
strategy as has been realised in China's progress in rice production. Commercial 
exploitation of hybrid vigour in rice in China, enabled 20-30% yield advantage 
and thus elevate the average yield to 6.5 t/ha from over 18 m ha. If 60-70 per 
cent of irrigated rice area could be brought under hybrid cultivation in India, it 
would contribute about 10-12 million tonnes of additional rice in India. In 
addition, intensive research efforts should al^o be made to develop the hybrids 
which are suitable for upland and lowland rainfed conditions where the present 
average yield is quite low, but have huge untapped potential. 

With the advent of high yielding hybrid rice in high productive areas and 
popularisation of HYV in rainfed rice, the demand for plant nutrients would 
increase. To realise their full potential, higher doses of balanced fertiliser are a 
pre-requisite. Balanced fertilisation in accordance with nutrient demand by crops 
would ensure high productivity, whereas imbalanced use of fertiliser can lead to 
soil degradation and also a decline in crop productivity. Generally, bulk of 
fertiliser use on rice has been confined to irrigated area ha\-ing 45 % rice acreage 
while rainfed uplands aiid lowlands receive little fertiliser. The future efforts, 
therefore, should be concentrated in increasing fertiliser use in these areas to 
match the present day HYV developed for these areas which are low input 
responsive. 

Another area that requires attention is the use efficiency of applied 
fertilisers, particularly nitrogen. Despite impressive growth in N consumption 
over the vears, efficiency' of fertiliser N in lowland rice remains low and is 
attributed to N losses from the soil-plant system through volatilisation, run-off 
and leaching. 

Assured availabilih' of water is another important factor in rice 
production. Bulk of the area under rice in India depends on the rainfall for its 
water need. Increasing use efficiency of water \vill not only ensure rice 
production in the existing area but also will facilitate bringing additional areas 
uhder irrigation and thereby increase the total production. 

Increased productivity of rice cannot be sustained unless the declining 
trends in soil fertility resulting from the nutrient mining process due to 
continuous cropping is checked. The use of organic manures alone has the 
drawback of low content of plant nutrients and its slow release character. Its 
limited availability due to various reasons has further prevented its widespread 
applicabilit}'. Various constraints associated with the production, storage and use 
have not allowed large scale use of biofertilisers. Hence, integrated nutrient 
supply tlxrough chemical fertilisers, organic manures like green manures and 
biofertilisers like azolla has to be encouraged to maintain and sustain a higher 
level of soil fertility and crop productivity. 

file:///vill


In order to obtain maximum yield to feed the ever increasing population in 
the years to come, instead of concentrating on the fertilisation of a single crop, 
rice based cropping as well as farming system as a whole should be considered. 
Since high yielding and hybrid varieties need considerable amount of nutrients 
for sustained productivity, a renewed approach to fertiliser management in 
rice-based cropping systems has become more relevant. For efficient nutrient 
management in cropping systems, a quantitative evaluation of the role of 
preceding crops and the residual effect of nutrients applied assumes great 
importance. 

Integrated rice based farming system like integrated rice with 
for dairy and mushroom cultivation is another viable concept 

productivity in today's agriculture. Various research results have 
advantage over conventional system of cropping. For instance 
cropping system is susceptible to high degree of risk and 
provides onlv seasonal, irregular, uncertain income and empl 
farmers. With a view to reduce the risk and uncertainity of inconje 
enterprises and to decrease the incidence of pests and diseases and 
time lag between investment and returns, it is imperative that the 
include such type of enterprises in their production programme 
generate year round income regularly. This calls for systems 
farming. Moreover, adoption of farming systems also result in 
of resources, higher and regular income and employment 
throughout the year. The recvcling of wastes makes the system ecofriendly 
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OPPORTUNITIES FOR INCREASING RICE YIELD 

Dr.J.K. Roy 
Joint Director (Retired) 

CRRl Cuttnck 

The rice production level has to be raised to 95 mt by 2000 AD to meet the 
demand of about 1000 million population. As the scope of increasing the rice area is 
limited, it is necessary to increase the productivity of the land. This can be achieved 
increasing the yield ceiling of the varieties as well as improving management practices 
are required. 

The productivity of rice of different states in India varies from 1 t/ha to 3 t/ha. 
The data collected from various sources are: 

Productivity (t/ha) States 

Above 3 Punjab, Tamil Nadu 

2.5-3 Haryana, Andhra Pradesh, Goa 

2-2.5 Karnataka, West Bengal 

1.5-2 Kerala, Uttar Pradesh, Jammu and 
Kaslimir, Gujrat, Maharastra, Manipur, 
Tripura 

1-1.5 Orissa, Assam, Bihar, Madhya Pradesh, 
Rajasthan, Himachal Pradesh, Meghalaya, 
Mizoram, Nagaland, Sikkim, Arunachal 
Pradesh. 

To increase production and productivity it is higWy required to improve: 

i. Yield ceiling through crop improvement 
ii. Narrowing yield gap through crop production and protection 
iii. Maintain sustainability of production through maintain soil healtli and water 

resources. 

Yield barriers in rainfed uplands are: 

• Drought: Morroberakan, IRAT, CR 143-2-2 
• Weeds: Early vigour 
• Poor soil: Acidity, P-deficiency, AL-toxicity and NPK-deficiency 
• Pysiological: Better translocation from stem to grain after floAvering 
• Panicle/m^ (tiller No.): Most affected 



Identification and use of suitable donors 

Irrigated: Disease/pests/sterility 

Components for yield improvement in rninfcd lowlands are: 

Submergence tolerance early/late: Vegetative stages 
Donors-FR 13 A, Khajara, Luni farm 
Drought tolerance (Initial stage) 
Photosensitivity (Specific time) 
Tliermo-insensitivity (Floodering) 
Iron-toxicity tolerance 
Panicle weight type 
Stiff straw 

hnproving physiological efficiency (metabolic processes) are: 

• Presently-photosynthetic efficiency tlirough increased leaf area and leaf longivit"\' 

• Desirable improvement: translocation of metabolites, low photo-respiration, 
redirecting photosynthetic pathway from C-3 to C-4 system (enz\"mes) and low light 
efficiency. 

Opportunities to raising yield ceiling: 

• Hvbrid rice- 3 lines, 2 lines and 1 lines 
• Boro rice (Improvement & mechanism) 
• Super rice/plant type 
• Increased physiological efficiency 
• Biotechnology 

Adoptible teclmologies: 

• Rainfed uplands: sowing in row 
» Irrigated lands: hybid rice (TP) and super rice (D/S) 
e Rainfed lowlands: timely seeding/planting 
• Deep water: Boro rice 
• Post-flood: Super fast rice 
• Export: Basmati rice and non-basmati 

ac oooo 
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SUITABLE RICE-BASED CROPPING SYSTEMS FOR ALLUVIAL SOILS OF 
COASTAL ORISSA 

Dr. K.P. Jha 
Principal Scientist and Head 

Division of Agronomy 
CRRl Cuttnck 

Coastal Orissa has been endowed with resources like abundant sunshine, 
temperature, fairly good rainfall and ground water. Humid tropical climate presents a 
tremendous scope of growing crops throughout the year in this zone. In spite of all 
these, the state have lagged behind in terms of productivity compared with many other 
states, mainly due to under-utilization of natural resources. The problem is further 
aggravated due to diversity in soil, topography, purchasing power of the farmers, the 
location-specific technology, uncontrolled cattle grazing and poor availability of inputs 
(appropriate seeds, fertilizers and plant-protection chemicals) t, the small, marginal and 
ecologically handicapped groups. Recent price hike in fertilizers, unassured marketing 
and processing facilities are the other bottlenecks in the way of achievement. 

An attempt was made at tile Central Rice Research Institute, Cuttack, to generate 
and disseminate location-specific technology for rice and rice-based cropping systems 
for rainfed and irrigated ecosystems in the recent years. The idea gained momentum 
after the -basal cropping system with the financial support or the Ford Foundation. 

Under this Project, apart from generating rice technology all possible attempts 
were made to utilize natural resources, intensifying cropping intensity and improving 
productivity, especially in the rainfed as well as fully irrigated ecosystems. Rice-based 
farming systems were designed and tested involving farmers at every stage, from 
problem diagnosis to planning, implementation of project and documenting the 
findings including their frank opinion about the generated technology. 

After taking early rice in uplands, efforts were made to raise crops suited to 
particular ecosystem in sequence based on soil and climate. Similarly, attempts were 
also made on medium as well as lowlands to raise fields of rice and follow-up crops in 
sequence with medium-duration and late-duration rices. This was done in rainfed as 
well as in irrigated ecosystems especially considering low cost of technology like 
optimum time and methods of seeding or planting, choice of appropriate crop varieties, 
moderate input use, low-cost weed management and plant protection of resource-poor 
farmers. A number of crops includirig cereals, vegetables, oilseeds and pulses were 
grown in the trials to made the farmers self-sufficient for meeting their requirement and 
disposal of remarkable surplus. After a thorough experimentation on different crops 
under available weather condition, crop calendar for uplands was prepared. The 
results obtained under different categories of land with alluvial soils are given in Tables 
1, 2 and Figures 1 to 3. 



Rainfed uplands 

Farmers of the coastal Mahanadi alluvial zone belor\ging to villages of Mallipur, 
Mangadeipur, Khentalo, Isani Berhampur etc. oi Cuttack district had uplands with 
fertile alluvial soil having sufficient depth with water-table within l-^\ The high-
vielding semi-dwarf rice variety, Annada maturing in 105-110 days was capable of 
giving 4.5 and 5 tonnes under good management in such soils. This zone receives fairly 
good amount of rain (1,400-1,500 m) from June to October, hence reasonable good crops 
are feasible even on residual soil moisture supplemented with water-table contribution 
through capillary rise. Farmers were receptive and co-operative. On-farm research 
vielded valuable information. A number of crops tomato, pigeonpea, groundnut, 
mustard, urdbean and horse gram-were taken in sequence with Annada. Farmers 
adopting traditional system of rise-urdbean fetched a maximum of Rs 6,330/ha even 
after adopting a high-yielding variety of rice (Annada) and improved variety of 
urdbean (T9). B}' adopting a system of rice-tomato sequence the farmers fetched a 
reasonably good price of tomato owing to early tomato and raised their net income up 
to Rs. 30,000/ha from traditional rice-urdbean system. The new system helped the 
farmers double their income apart from supplying a pulse for their family, rice-mustard 
(Pusa Bold) under alluvial uplands increased their net income at least 1.5 times that of 
their old svstem (Table 1). The farmers of this locality got impressed with the rice-
tomato s}'stem so much that tew farmers have taken' up commercial seed production oi 
tomato. 

Irrigated upland 

This category of land with irrigation facilit}' of their production inputs can 
sustain 300% cropping intensity. On-farm data presented in Table 2 show that the 
farmers of Gopalpur, Khentalo, Manga-deipur and Mallipur villages with allivial soil 
and irrigation facility got the highest income from rice-rajmash-maize (green cobs) 
sequence, followed by rice-cucumber-maize (Fig 3). Among the individual crops, brinjal 
gave the highest net return followed by maize from green cobs. The success of such 
programme depends on the willingness of farmers to earn more, prompt agricultural 
operations, availability of good seed and other production inputs, and the marketing 
facility. Rice-rajmash-maize (for cobs) gave a net return of Rs.29,950/ha to the farmers 
of Raghunathpur, having lift-irrigation facilities. The second best sequence was rice-
cucumber-maize (for cobs) which gave a net return oi Rs. 19,700/ha. Rice-maize-
cowpea was the third best sequence fetching nearly Rs.27,000/ha (Table 2). This 
sequence was liked by the farmers having few heads of milch animals, as the green 
fodder from maize (after harvest of green cobs) as well as cowpea are highly palatable 
for milch cattle, which raised their milk yield. 

However when the cost: benefit ratio was calculated rice-cucumber-maize and 
rice-maize-cowpea systems gave the highest benefit of Rs. 2.50 for the investment of Re 
1. These systems were followed by rice-rajmash-maize which gave Rs. 2.29 for Re 1 
investment. As an individual crop, maize and cowpea gave the highest r benefit of Rs.3 
for Rs.l investment followed by cucumber (Rs. 2.86) and greengram or mungbean (Rs. 



2.50) crops. Rice gave the benefit of Rs. 1.38 only for Re 1 investment which indicated 
for increasing the cropping intensity to improve the economic status of the farmers. 

Irrigated medium land 

Medium lands with assured irrigation, where rice varieties (Moti or Padmini) 
maturing in 145 days are grown, is generally free by November end. The next crops are 
sown by first week of December. Under such a situation, it 8 s found that 2 crop 
sequences rice-maize-cowpea and rice-tomato-okra, gave the highest net return of 
Rs.30,000/ha (Table 3). These sequences were followed by rice-rajmash-okra 
(Rs.26,500/ha), and rice-sweet potato (Rs.26,000/ha). 

Result on cost: benefit ratio indicated that rice-maize-cowpea gave the highest 
return of Rs. 2.86 for Rs. 1 investment. This was followed by rice-sweet potato sequence 
giving Rs.2.65 for Rs. 1 investment. As an individual component maize and cowpea 
crops gave the highest return of KS 3 each for Re 1 investment. These were followed bv 
sweet potato (Rs. 2.85). It is worth mentioning that fodder cultivation gets least 
importance by the farmers of Orissa so under such conditions sweet potato vine proves 
to be excellent fodder for milch as well as draught animals, these vines, on being 
preserved may act as seed material for the ensuing rainy season crop to be grown on 
uplands. Rice gave Rs 2.14 only for Re 1 investment which indicates the need to grow 
more remunerative crops to improve the economic status of farmers. 

Lowland ecosystem 

Lowlands are generally situated at some distance from villages or homestead 
areas and are vacated by long-duration rice by the end of December, thus have limited 
choice of crops. In Orissa. stray cattle menace is a serious problem. Lowland soils are 
heavv and take some time to come in condition for proper tilth, thus sowing of second 
crop gets delayed. Under rainfed lowlands after rice, a short-duration crop of 
greengram is feasible onlv. Attempts have been made to grow watermelon, bitter 
gourd, pumpkin and okra under protection from stray cattle. 

However, these crops except greengram need pot irrigation. So, on being 
pro%ided the irrigation these crops can give good returns. 

In canal-irrigated areas, due to water accumulation, there is no option except 
growing a dual rice (summer rice) hence, rice-rice is a very common sequence in 
lowlands. In rainfed lowlands, however, rice-greengram gave a net income of 
Rs.ll,100/ha. 

In the irrigated condition rice-cowpea gave a net return of Rs.24,000/ha 
compared ^vith Rs.l2,000/ha from rice-rice sequence. - - • 
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inb\e i. Yield and net returns from different Annada rice-based sequences grown on 
rainfed uplands (on residual soil moisture) alluvial soil of Mangadeipur, Millipur 
ond Khentalo villJi^es of Cuttsick durin*^ 1934-93. 

Yield ot economic \ 
products (kg/ha) 

n^^n^^II?ir?F^;^77^fi/ I Total net returns 

crop i from sequence 



Table 2. Yield of economic produce and net returns from dillerent Annada rice-based cropping sequences in 
imgaled uplands of Khentalo, Raghunalhpur villages of (Cultack) during 1984-93 
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INTEGRATED NUTRIENT MANAGEMENT IN RICE 

D, Panda 
Senior Scientist 

Division of Soii Science & fvlicrobiology 
CRRi, Cuttack 753 005 

Plant nutnent budgeting for India in recent years shows that nutrient removal from soil by 
all crops far exceeds the supply made through chemical fertilizers, posing a serious threat to 

i t i i u u ^ t i ^ u i t i u i i i c u u;?c u i ctii puS^aiUfC c^uutoc:^ u i nuLi id iL :> c^u^ii a^ u i i c m i ^ d i ie i i i i i ^c i : :>, ut^cai i io 

manures, green manures, crop residues, bioferiiiizers and industrial wastes and their efficient 
utilization, can possibly meet the total nutrient demands and restore or improve soil hsa.th. 
Besides INM can ontimise croo yields imorove aualiW of croo oroduce and decrease erierav 

Long-term use of optimal doses of N, P and K with FY 'M or compost improves soil 
physical healthy increases rice yield (0.4-0.7 t'ha/crop) over NPK and results in favourable 
b9.l9.nc8 of available nutrie.nts in differe.nt soils. U.i'ea • 9..nd FYM af^oiied in ei^ua! oronortions en N 

ramfed iowiand direct sown rice, basal seed furrow placement of NPK or reduced zone 
placement of amide/ammontum fertilizers minimises nutrient losses and increases fertilizer use 
efficiency significantly. 

StuuicS in v^iiina Si iowthstwatsr ioyyeu composting Oi animai uung, nee straw anu milk 
vetch with river mud or tani< silt greatly reduces N losses both in compost pit and in rice fieid 
after its application because mineral N remains as NHj'-N in v/ateriogged compost. This 
process is more efficient than ordinary composting. Still more superior is the process or biogas 

products. 

Exoeriments on green manuring conducted at a rainfed lowland site of the Central Rice 
Resenrch !nst!^Jt? for 6 yesrs revealed Lh9.t •Ses^s.'?/^ scul'Bsts nrown as an intercrop wtth direct 
owvvi i i i o c u u i lu IUUL;::U U W I\\4 w/na cao a u a n o L ww r\^ i>«/iic3 i is^ i i i Lite awic: ^^KJ^ O I ^ I C O I I IIICSMUIC; 

which preceded transplanted rice, in terms of rice grain yield and N utilization, green manuring 
was at par with or even superior to chemical N applied at the rate of 60 kg/ha. Nitrogen fixation 
during first 30 days cf growth was only 17 kg with Sesbania rosirata and 25 kg/ha with Sesba.nia 

which thtt N; fixation was hialier it'i S. losuata thiin iri S.ciCuleBld. Despite the better perforuVdMce 
of green manuring, its adoption has declined dramatically over the past several years because of 
unreliability of green manure crop establishment under rainfed conditions, non-availability of 
g^or+c grid labour intensiveye.x'^ensive field c^erations. The limitation of seed su^'^h^ csn be 

vc iv^o i i fC uy II anoMic3iKii ly Oc^juci/^fcz p ia i iLo vvuii vviuo opav^ i i iy III Li a i l o ^ i d f iLcu jJoc7 l ic iv j . i u 

economise the practice of green manuring, relay cropping of green manure with irrigated rice or 
growing double or multipurpose legumes like greengram or cowpea and green manuring after 
one or two pluckings of pods have been suggested. Rice crop also benefits from biological 
nitrogen fixation if a pulse or leguminous oilseed crop is either included in the cropping s^-stem 
in rainfed uplands. 

y 

India has a vast potential of crop residues. But their use in INM is limited because of 
their alternate utilities as animal feed, fuel and roofing material. The crop resfdues with wide C : 
4̂ ratio iika rica straw evon with 40 kg N/ha depressed crop yield for the first 2-3 years after 

whicri yield significantly increased over chemical N alone because of improvement of soii 
fertility. Whenever crop residues are in excess of Jocal needs, the balance should be used to 
supplement chemical fertilizers. 

Blue-green-algae (BGA), Azalla and diazctrophic bacteria are the common N? fixers in 
rice field and constitute a major component of INM, neutral to alkaline soils (pH 7.5 -10.0) ricn m 

http://b9.l9.nc8


2V3;!3b!e P, lew flood water N, turbidity-free shallow water depth, moderately high terr,perati;re 
(30-35"C), bright sunshine and less frequent rains favour grov*m and Nj-fi^ation of BGA. The 
reported NH'xation by BGA varies from 0.5 to 80 kg N/ha/crop, with an average of 27 kg N. In 
studies at CRRI, Cuttack fresh biomass production ranged from 4 to 28 t/ha with N contribution 
of ^-32 kg/ha. Successful algalizaticn produced average additional grain yield? of 0.35-0 A5 t/ha 
and V/3S equivalent to about 20-30 kg fertilizer-N. 

Azolla IS the most potential biofertilizer for nee grown under imgated or shallow lowland 
conditions. A standing water depth of 5-10 cm, slightly acidic to neutral soils (pH 6-7) with high 
available P and low organic C, low flood water N, moderate tempera^Jre (25-30"'C) and 
reasonably high light intensity are favourable for its grovvth-'and N^-fixation. A standing Azolla 
crop accumulates 20-146 kg N/'ha, with an average of 70 kg N. Field studies conducted at CRRi 
for the past two decades have shown an average contribution of 25-30 kg N/ha. Growing .Azolla 
cnce before planting or after planting produces an additional grain yield of 0.5 - 2.0 f h a and is 

tit. lO dppiiUcxLiOi I Ol wu t\y wi ioi(.iit£.d t^. CM uivcaic 

Azospirillum and Azotobactet; the important bacterial biofertilizers contribute 
significantly to the positive N. balance of rice soil Neutral to slightly alkaline soils rich in organic 
r*^^«-tar ^^y.'ryitr +So K o ' ^ t o r i o l rtrQlitar^f»«-irt l i ^^rl)i'^'3tl^n nf r^rr ror t i^ m ^ t t S T W i t h W i d S r C t̂ i TSt lC IS 

aivvays beneficial. Ti"ie reporteu potentials of heierou-ophic and associative rv:^-Tixaiion are lu-oO 
ana 1-7 kg N/ha, respeciiveiy. With inoculation, grain yield increased by 5-50% over 
unmoculated control. A complete knowledge of interactions between these microbes and the 
envirnnrnent !S necessary for developing the viable management strategies 

The hi contribuiion from BGA and diazotrophic bacteria are not enough to grow a rice 
c.-OD and, hence, need to be supplemented with N fertilizers. The crop response due to their 
inocuisiion is maximum at moderate levels of 30-45 kg N/ha. On the other hand, tne entire N 
recuireme.nt of rice can be met b" " f ow in " 2-3 crc^s of AJZOUS both bsfo.''e a.nd after '^lanti.ng. 
cesides, Azolla is comparatively more tolerant to cornuined N snu can uS useu even at nigner is 
levels. The inhioitory effects of combined N on these organisms can be alleviated by using siov/-
reiease fertilizers and application through deeo placement. 

p u ^ ^ „ u « r , . ^ ^ .~ i . , i , ; i ; - . ; -^ . . „ ; _ , ^ „ , „ „ „ - , . — . ^ rDOkii\ „ « ; - ; . , - . * ;„ , -„ i , , t , ; i ; - ;«^ u^*i-. „ - i ; , . - - ^ 
r i i w o M i t w i u o owiut- i i i i^t i ly 11 i i^( wv^iMOt t ioi n o î w^ivi^ c ^ t i i ^ i d u ii i ot.^iuL.'iiif.ii i ^ (-'^kii i iah ivc; cao 

weii as added F and root associated mycorrhizae (mainly VAm lungi) capable of increasing the 
availability of nutrients to plants are the important phosphatic biofertilizers for nee. Inoculation 
with PSM like Bacillus. Pseudomonas and Aspergillus increases grain yield by 5-20% and is 
art>t,\r^\anf +0 o n n l l r o t i n n nf '^O-^D l-n D , 0 - / h ^ +hrrMinh P fortili*7i=ir \nr>m t\cifiryn xA/i+h V A M innni 

i65C;S to several toius increase in r IMMOVV to piantS anu increases grain yieiu siynincarmy. 
Quaiir,' control of BGA, bacterial and VAivi cultures and mass production of Azoiia. 

Quality control of BGA, bacterial and VAM cultures and mass production of Azolla: Inocula, 
however, need greater attention to achieve success in the large scale adoption of biogertilizer technology. 

For major sources of N, viz., green manure biological {Sesbania aculeata), Azolla (Azolla 
carolineana), Azospirillum and blue green algae in combination with chemical sources of N have been 
evaluated for their efficiency in improving N nutrition and yield of rice, cv. Gayatri in a field experiment 
conducted under favourable rainfed lowland conditions at CRRI, Cuttack during 1997-98 and 1998-99. 
The results revealed that i. green manuring with Sesbania aculeata supplemented with top-dressing of 
prilled urea t 21 days after transplanting and panicle initiation, ii. green manuring supplemented with deep 
placement of urea supergrannules, iii. polymer coated urea (controlled release N fertilizer) alongwith 
prilled urea at 1:1 proportion and iv. Azolla dual cropping with basal dressing of prilled urea were 
significantly superior to the other INM practices involving Azospirillum + urea or blue green algae -•- urea in 
improving N uptake and grain yield of the rice crop. 

Periodical analysis of wet soil samples for amide, ammonium and nitrate contents indicated longer 
and higher availability of N in the zone of placement of urea supergranules (upto 45 days) than in prilled 
urea broadcasting treatment. There was relatively faster release of N with a greater N availability during 
the reproductive stage of the rice crop in case of green manuring supplemented with.urea topdressings 
than in the other INM practices. A separate study on patterns of N mineralisation from Sesbania aculeata, 
Azolla and blue green algae in unplanted submerged soil confirmed that N availability in soil v/as 
significantly higher with Sesbania aculeata green manure than with the other two biological sources of N at 
8; ^5f 30, 45 and 75 days after their incorporation irito soil. 
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EFFECT OF SOIL PHYSICAL ENVIRONMENT IN RICE BASED 
CROPPING SYSTEM 

K.R. Mahato 
Scientist 

Division of Suii Science and fviiciobioiogy 
CRRI, Cuttack 753 006 

Wet land rica ecosystem 

Rice Lands 

Rica is wideiv adooted tc its environnnent. It grows in lessmoist unsaturated soil as a dry 
land crop or 'i can grown in soil submerged during most part of its gro-Mh period. 
Physiographicaiiy and hydrolcgicaily rice lands are divided into three categories; pieurial, 
phreatic and fiuxiciai wriich broadly conform to upland, medium to lov/ land and typically 
(ov/iands witti sniermediate to deeo level of submergence, respectively. In monsoon areas nnost 
rice !S grown on p.hreatic environmient wfiere the water iable is close to or above the soil surface 
throughout wet season and where bunding retains surface water. Phreatic soils are generally 
poorly drained mainly because of the presence of a high water Iable. Piurial lands of higher 
elevations have been terraced for rice production. These soils are difficult to puddle due to their 
low clay activity. Percolation losses of water and nutrients are a serious problem. Other soil 
problem.s of considerable importance are drought, soil acidity and phosphorous deficiency. 
Fiuxiai rice soil occupy lowest landscape position. They are difficult to drain and subject to flash 
or extended flooding Erratic occurrence of rainfall results in a poor yield of riae. 

Submergence effects 

Although rice grows weil in flooded soil submergence affects the normal growth and 
yield of the crop. Some rice can tolerate total submergence for 10 days but miost die after 1 or 2 
days. Submergence drastically reduce exchange of gases between soil and atmosphere. 
Diffusion coefficients of gases in water are about 10"* timiBS of those in air. As a result oxygen 
concentration declines an.d caroon dioxide concentration increases in the submerged soil. 
Carbon dioxide concentration usually is not toxic to rice because the required oxygen is 
transported to the roots through intercellular spaces of the rice plant. Submergence helps in 
maintaining a favourable thermal regime in rhizosphere as water has a buffering effect on soil 
temperature continuous submergence sets up an anaerobic soil condition. The oxygen initially 
present in the soil is rapidly consumed by the micro-organisms and microbial reduction of 
inorganic compounds then follows in succession. Under anaerobic condition toxicities may 
occur in relevant areas due to increase in concentration of ferrous and manganese ions or 
cenain organic acids in the soil solution. Coatings of ferric hydroxides are commonly observed 
on root surfaces in strongly reduced soils. Drainage facilities of these soils acid to be renovated 
for removal of toxic effects. 

Degradation of soil structure 

Wet cultivation on puddling severely destroys soil structure. Besides this wetting of soil 
itself breaks down soil aggregates by its slaking action and by dissolution of cementing agents 
in reduced soils. Elimination of noncapillary on transmission pores decreases permeability but 
increases water retentions at low tensions. It reduces percolation losses_of water and nutrients 
and helps in maintaining a water regime that favour rice growth particularly where water table 
remains at a lower depth. The effect of puddling on surface soil structure depends on soil texture 
and aggregate stability. Aggregate stability is determined by the amount and type of clay 
fraction; organic matter an,d hydrous exides which form interpaiticle bonds; and the electrolyte 
concentration of the soil solution. 
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Subsoil compaction 

Continuous wet tillage causes connpaction of soil below Ihe puddled layer. The clay 
particles are translocated down and are deposited in the wider pores and figures at subsurface 
depth blocking the pathways tor buck movement of water nutrients and air. Physical compaction 
with piecipitalion o! iion, manganese and silica haidens the coinpacted layer. U limits iniilhalion 
and internal drainage and' intellects root growth. Loans favour compaction while qiays do not. 
Low permeability saves water and reduces nutrient losses by leaching. 

DRY LAND SYSTEM 

Drying effects 

Fuddled soil diies more slowly than unpuddled soiis due tu tiie lack ol transmission 
pores. A puddled soil may take several weeks to dry and to reach a workable moisture content. 
Drv'ing causes soil to shrink, irreversibiy. This may lead to development of figures in the surace 
soil. Ploughing produces hard, medium to large clods that provide pccFseedDed tilth and seed 
soil contact foi diy land ciops. Laigei clods enliances evapoiation losses and seed zone soil 
dries taster affecting germination of the seeds. Soils with high activiiy clay and large specific 
surface area are easily puddled but they are more cohesive and on arying form massive cloddly 
structuie. Reels find it difficult to penetrate through the finger pores of the hard soil mass. With 
heavy lain oi excess iiiioation, puddled soil has pooi aeiation lonuei tiian unpuddled soil. 

Crop establishment 

During tin/ season the rice fields after remain idle for non-avaiiabi!ity of irrigation water. 
Faimeis giov^ shoit dutation pulses on lesidual soil rnoistuie without tillage oi with imptoper 
tillage. Germination and stand establishment is often poor in cioddy soil and the success of the 
crop depends much on the occurrence of off season rainfall. Nevertheless rice soil profile at the 
end of the wet season ccntam enough water \o support a sr.sri duration crcp of legume, wheat, 
maize oi soigliuin. The piooei seed bed tilth could not be aciiieved in a pooiiy aggieualed so i l 
This IS also true for the premonsoon establishment of direct seed rice. 

Regeneraiion of soli siruciure 

Resttuctuiing ptocess starts with flocculation of ciay Dafiiais. inteipailicie bonding 
depends on the ohysico-chemica! oropeitjes of the soil particles and tne organic material 
associaied with tne micro-aggregates. Wetting and drying cycles addiiion of organic matter and 
application of gypsum and phc^p.nates promotes granuiatic-,. Vve: t. lage snculd be avoiced as 
fai as possible. VVheie puddling is indispensable Ihe suiface soil inay be puddled to a minitnurn 
depth only. A reaucing tillage system needs to be devetooed tor optimizing the soil physical 
condition in a rice-based croDoino svstem. 



GREEN MANNURING FOR RICE AND RICE BASED 
CROPPING SYSTEM 

Dr. S.P. Chakravorti 
Senior Scientist 

Division of Soil Science & Microbiology 
CRRI, Cuttack 

Green manuring is the practice of training down ttie green undecomposed plant 
materials into the soil. The main purpose of incorporating green manure in soil is to 
increase the crop yield and maintenance of soil fertilit}^ The influence of green 
manuring is mainlv due to the addition of organic matter and nitrogen through it. The 
decomposition of green matter result in the formation oi available nutrients and humic 
substance. The later in turn, increases the exchange capacity, improves soil phvsical 
properties like water holding capacity, aeration, drainage and granulation which are 
essential for successful growth of the subsequent crop after rice. 

The bulkv organic materials like FYM and compost contain very low amount of 
nitrogen and are resistant to mineralization. It takes very long time .o derive the benefit 
out of these materials. Green manures are readily mineralizable, hence they supply the 
plant nutrients quickly and sustain for a longer time to satisfy the need of the growing 
plant. The water soluble chemical fertilizers like urea and ammonium sulphate supply 
the plant nutrients immediately but are prone to various type of losses. 

Promising green manure crops 

Sesbania, Sunliemp, Guar (Cluster bean), Gliricidia, Indigofera, Vetch, Cowpea 
etc. 

Green manures suitable for rice 

For early duration rice cultivars. quick growing green manures such as 
Sunhemp, dhaincha and mung varieties are suitable, these crops can be sown on the 
onset of monsoon in the month of April-May and gi\^e generally 6-8 t / ha green manure 
when nearlv six-week old. Lowland areas are susceptible to waterlogging, only 
Sesbania spp. are suitable as they can withstand high moisture situations. The 
contribution of nitrogen from soil, chemical fertilizer (urea) and green manure {Sesbania 
aculentn) towards yield and N utilization of rice under rainfed lowland situation 
indicated that the sole crop of green manure contributed 65.8 kg N/ha , while the inter 
crop contributed 56.1 kg N/ha . the utilization of green manure nitrogen by rice crop 
was less in the inter crop than in the sole crop. 

Green manure cops suitable for sowing in Standing rice 

It mav not be always possible to grow a green manure crop separately to apply 
to the wetland rice due to delay in receiving the monsoon rain or other practical 



difficulties. In such case, the green manure may be seeded in the standing crop of rice or 
at harvest. It is a common practice in southern states to sow wild indigo in the standin«^ 
rice crop before har\'est of paddy and keep it for incorporation to the soil for the next 
rice crop. Studies conciucted at CRRI indicated that Sesbania speciosa and Cassia 
leschanaultiana were promising for sowing in standing rice crop. V\Tien Sesbania 
speciosa was sown in the standing rice crop in April, the growth was sluggish but it 
picked up with the onset of monsoon and gave nearly 141 GM/ha by the end of July. 

Advantages of green manuring over chemical fertilizer 

The chemical fertilizers particularly the nitrogenous fertilizers are subjected to 
different types of losses. The losses are mainly due to leaching, volatilization and 
denitrification. 

In addition to these, some amount of the applied fertilizer is imniobilized in the 
pool of soil organic matter,. The results obtained from different experiments indicated 
that the rice recovered onh- 3540% nitrogen and the rest of the nitrogen is either 
immobilized or lost. The quantification of different losses further indicated that the 
losses are maximum during the first fortnight of N application. Moreover, heavy doses 
of N enhances the losses. It was observed that the losses from organic materials are 
relati\'ely low. 

Under shallow water ecosystem in situ green manuring was as efficient as 
chemical fertilizer. Application of 50°O N through green manuring and fhe rest in two 
equal splits "at active tillering and panicle initiation stages through chetnical fertilizer 
(urea) was as efficient as chemical fertilizers applied in three splits (50-r2925) and 
sometimes proved to be better. 

In a rice-fallow-rice cropping system under two levels of nitrogen application (60 
and IN kg N/ha) with or without green manuring snowed that increasing level of ̂ N̂ 
resulted in higher N recoverv bv the first rice. Green manuring in conjunction with urea 
increased the recovery from the fertilizer N (2.9%). At liigher level, however, th 
reco\'ery from fertilizer dsoreased by 10.8% possibly because of more loss. Green-
manuring did not appear to have positive effect on second rice cror when tb? 
utilization of residual N is concerned. 

In rice-pulse-rice, recovery of ^̂ N by the first rice crop increased from 29% to 33% 
due to green manuring which supplied 40 kg N/ha . There was increase in the recovery 
of ^̂ K by the second green grain and third crop of rice due to greer\ manuring. There 
was more retention of ^̂ N in the soil. The unaccountable N was also decreased bv 6% 
when N was supplied in conjunction with green manuring. 
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V\^ED M A N A G E M E N T IN RICE A N D RICE-BASED CROPPING SYSTEMS 

B.T.S. Moorthy 
Senior Scientist 

Division of Agronomy 
CRRI, Cuttack 

Rainfed upland rice 

Aerobic soil environment and opt imum temperatures in rainfed uplands in wet 
season encourages germination and growth of graminaceous, weeds, followed by 
sedges and dicots. Tlie most important problematic ^ •̂eeds that occur in rainfed upland 
ecosystem are Echinochloa coloniim, £. cnis-gnlli, Eleiisine indicn, Setaria glauca Cynodon 
dnchjlon, Digitann Sanginnalis and Dnctylocienhim neg.iptium (grnses), Cypenis rohindus, 
C. iria, thnbristylis iniliacea (sedges), AcantJiospermum Jdspidum, Cleome viscosa and 
Agertum conyzoides (dicots). 

Crop-weed competition: Crop-weed competition is the severest in dry-seeded upland 
situation and comparatively lower in wet-seeded and iransplanted rice cultures. The 
losses in grain vield due to unchecked weed comperltion in upland situation are very 
high in the range of 50-97% obviously due to more competitive grassy weeds which are 
tolerant to low moisture stress situations unlike rice. Tlie first 30-40 days after seeding 
is considered critical for crop-weed competition ^nd delay in weeding further 
substantiallv reduces the yields. Weeds compete severely for nutrients and depending 
upon the intensity of weed growth, the depletion ma\" be up to 86.5 kg N, 12.4 kg P and 
134.5 kg k/ha. Crop-weed compehtion is higher in short duration varieties (generally 
grown in monsoon season on uplands) than that or long duration varieties because 
weeds mature rapidly and hence short duration varieties have weed competition for 
proportionateiv longer time than long duration varienes. Among the short duration 
cultivars, the weed competition is more severe in semi-dwarf than semi-tall varieties. 

Integrated weed management: In India, upland farmers grow tall varieties, adopt 
broadcast method of seeding with high speed rates of 100-150 kg/ha and undertake on 
hand weeding oniv. A bullock-drawn spike toothed harrow (Bida) is also used to 
control the weeds. Undertaking 2-3 hand weedings is highly labour intensive (150-165 
man days/,ha. Besides hand weeding operation in upland rice often coincides with 
transplanting operation of medium land rice. Hence there is a need for developing cost-
effective weed control methods. Since the weed problem is severest in combine 
different methods of weed control (both direct and indirect) for keeping the weeds 
below threshold levels. It would be more appropriate to combine weed smothering 
varieti^, crop husbandry practices that help in better canopy formation and minimize 
weed competition and use of alternative cost effective methods of weed control such as 
herbicides and mechanical methods. The semi-tall varieties of 110-120 cm plant height 
with rapid germination, better initial vogour and moderate tillering are preferred. 
Studio conducted at CRRI revealed that the varieties Kalinga III and RR 151-3 are 



better competitors than semi-dwarf varieties like Annada and Heera. The newly 
developed rice varieties Vandana also is being considered as one of the weed 
competition cultivar. The other weed competition cultivars are RR 2-6, RR 20-258, RR 
139-1 and RR 51-1. It would be better to undertake summer tillage in order to control 
problem weeds such as Cyperus wtiindiis in stead of leaving the land fallow. Further, bv 
appropriate land preparation, stale seed bed teclinique, which in\'olves elimination of 
flushes of weeds before sowing of rice it is possible to minimize the w^eed competition. 
Similarh' the other crop husbandry methods such as row seeding, use of higher seed 
rates (70-100 kg/ha) and N management involving split application rather than single 
basal application also help in minimizing the weed competition. Thus these practices 
can be judiciously combined with other direct methods of appellation. 

For sa-i'ing costW labour tor u'eeding, it is appropriate to use mechanical weeders 
such as \vheel hoes for finger weeders or blade does for reducing the weed competition. 
Chemical weed control using herbicides is a cost effective weed control technolog\' to 
hand ^veeding practice. The post-emergence herbicide propanil (Stam F34) -g 2-3 k g / h a 
is higlil\^ effective in controlling the graminaceous weeds especially Echinochion colonum 
and E. cnis-gaUi when applied at 12-15 davs after sowing when the \veeds are at 2-3 leaf 
stage. The promising pre-emergence herbicides which provides effective weed control 
in the initial stages of crop growth are butachlor (Machete 50EC, Delchior 50EC, 
Hiltacliior 50EC etc), thiobencarb (Saturn 50EC), anilofos (aniloguard 30EC, Arozin 
30EC) and oxadizon (Ronstar 25EC) etc. Pre-emergence application of butachlor at 
rates of 1.5-3.0 kg/ha control majority of weed flora in upland situation. 
Supplementar\' hand weeding after butachlor application becomes necessan- to control 
the second flush of weeds. Better efficacy of oxadiazon thiobencarb, pendimethaaiin 
and anilofos was reported. It is appropriate to mention here that all the herbicides are 
to be sprayed using 500 litres of \vater per hectare. The pre-emergence herbicides are to 
be applied 2-3 days after sowing before the emergence of weeds in direct seeded 
upland. Recent studies at CRRI indicated that the new herbicide fcrmulanons 
quinclorae (preemergence) at 1.0 kg a.l . /ha anc butanil (3 It) post emereence were 
effecti^'e in controlling weeds. 

Rice crop is direct seeded in dry condition before monsoon of transplanted ea r r ' 
in earit Julv. Since the condition in direct-seeded lowlands is similar to thai of uDlana^, 
weed flora in both the situation are similar. In transplanted condition, however, there is 
predominance of sedges and dicots. However, with gradual accumulation of monsoor 
rains, aquatic weeds (submerged, emerged and floating types) predominate irrespective 
of whether the crop is direct seeded or transplanted. 

The most problematic weeds in rainfed lowlands are Echinochion crus-galb, 
Digitnria snnguinnlis, Eeersia hexandm and Leptochloa chinensis (grasses), Ojpenis iria, C. 
dijformis, Scripiis nrticulatus and Fimbristylis miUacca (sedges) Eclipta albc. Splicnochten 
zeylnnica and Ludxoigin pannflora and Cham zyelnnicn, Monochorin vaginalis and Ipomoen 
aquatica and specific weeds such as wild rice Oryzae nixmra, Oryza nifipogon and Oryzn 
officinalis. 
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The grain yield losses due to weed competition in rainfed lowlands are in the 
range of 30-36%. The weed incidence is dependent upon the hydrological situations 
and generally higher in shallow submerged (0-30cm) areas and with higher depths of 
water in intermediate deep '(OoOcm), semi-deep (0-100 cm) and deep (>100 cm) 
submerged areas, the weed incidence tends to be low. In the initial stages, the crop 
faces the competition from grasses and sedges since the situation is similar to that of 
upland and with the accumulation of water, aquatic rice. The weediness of wild rice is 
attributed to its competitiveness with cultivated rice and its ability to cross pollinate 
with it. The seeds of wild rices shatter quickly. The purity of cultivated rice is 
contaminated due to wild rices. 

Land preparation plays an important role in minimizing weed competition in 
lowland rice. Work at CRRI indicated that a reduction of weed biomass and increase in 
grain vield with increase in number of ploughings from one to three during summer 
months. Traditionallv farmers practice an operation known as beiishening or binsi in 
eastern India states- Orissa, M.P., Bihar and to aiesser e.xtent in Assam, West Bengal and 
U.P. This operation in\'6}ves shallow cross ploughing in the fields 30-40 davs after 
sowing in 'shallow water (5-10 cm depth) followed by le\^eiing. By this operation the 
thick population of rice is thinned and later it is followed by redistribution of seedlings 
and gap filling. This operation is considered to be a low cost weed control practice 
since hand weeding is e.xpensive and impracticable. Studies at CRRI indicated that use 
of cono-weeder can supplement country plough for beiisJiernng operation. Further 
studies also revealed that beiisiienmg operation supplemented with hand weeding hand 
weeding and gap filling increased the yields of lowland rice (Utkalprabha) bv 41 % over 
unbeushened and unweeded crop due to better weed control due to better weed 
control, crop thinning and soil loosening, improving soil aeration. No differential 
response of rice varieties of different plant height- Tulasi (semi-tall), Gavatri (semi-
dwarf) and Utkalprabha (semi-tall) to beushening operation was noticed. Similarlv 
there are possibilities oi introducing herbicides technology under beushening svstem. 
Application of preemergence herbicide like butaclilor or thiobencarb at 1.5 kg/ha help 
in minimizing weed competition. This practice however does not improve crop 
productivitv where water depth \vent beyond 40 cm due to non-establisliment of rice 
seedliniirs. 

Research information on chemical weed control on rainfed direct under seeded 
rice higher water depth is scantv. Since lowland rice resembles upland rice in the initial 
stages, herbicides suited to upland rice can be conveniently use. The herbicides 
butachlor and thiobencarb each at 1.5-2.0 kg/ha and oxadiazon at 0.6 kg/ha proveci 
effective in controlling the weeds. However control of aquatic weeds is beset with 
problems because of presence of excess water. Available literature indicates that the 
aquatic weed Chara and other algal weeds would be controlled by the application of 
CuS04 and oxadiazon. 

since wild rices cause significant yield reduction of domestic rice, farmers in 
eastern India generalh- prefer to grow purple leaf varieties o rice in areas where wild 
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rice exists. This facilitates weeding out wild rice. However, these purple leaf varieties 
are not good yielders and hence purple stenimed varieties with green foliage are better. 
The high yielding purpose stem varieties are also very limited. Recently a variety, 
Kalashree was developed at CRRI, Cuttack and is well suited for wild rice infested 
situations. Another variety Shyamala developed by IGAU, Raipur is also suitable for 
wild rice infested areas. The following cultural practices are helpful in minimizing the 
wild rice problems. 

• By direct seeding of pre-germinated crop on fields that have been flooded or 
cultivated as is done 

• By transplanting rice in lines after puddling the field 
• By row seeding where wild rice growing between rows can be easily recognized and 

weeded out 
• By using appropriate crop rotations 

Since the research information in this direction is limited, this has to be 
corisidered as the priority area of research. 

Irrigated rice 

Rice under assured irrigation accounts for 20-36% of the area in eastern India. 
However during dry season, 100% area is under irrigation. In irrigated areas, modern 
varieties with high fertilizer and intensive practices are grown. These factors are 
responsible for high incidence of weeds. Herbicide use pays dividends in controlling 
weeds in this ecosystem. In both western India in states of Punjab and Hariyana almost 
the entire areas under rice is covered bv herbicides for controlling the weeds because of 
high wages rates. In eastern India also the herbicide consumption figures are showing 
an upward trend. In Orissa, the district Sambalpur accounts for high herbicide 
consumption. 

There are two methods of culti\-ating rice under irrigated condition. Those are: 
transplanted system and direct sowing of sprouted seed on puddled soil. The second 
method is more appropriate in dry season in eastern India (in high rainfall regions) 
since during kharif, the rainfall interferes with the crop stand making this practice 
ineffective. Because of puddling and maintenance of water level in the field, the 
population of sedges viz., Cyperus difformis, C. irin, Fmibrislylis milincen and Scirpus 
mucronalus predominate and some water loving weeds such as liidxvigin parvifloran, 
Splienoclea zeylanica and Marsilea quadrifolia both problems. 

The following Hebrides are provided promising for control of weed in irrigated rice: 

Name of the herbicide 

Butochlor 
Thiobencarb 
Anilophos 
Pretilachlor (with safener) 

Dose kg a.i./ha 

0.75-1.0 
0.75-1.0 

0.4 
0.6 

Time of application 
(DAS/DAT) 

7 
7 
7 
7 



Studies are in progress to find out the performance of low doses - higii efficacy 
herbicides like ethony sulfur, acetochlor and cinmethyHn. Work is also in progress to 
evaluate safened herbicides for increased crop safety. 

Rice-based cropping systems-weed dynamics 

To increase crop production from an unit area, it is necessary to increase crop, 
intensity by growing crops after rice in different land situations. With the adoption of 
the muiticrop systems and intensive cultural practices, vveed problems also are 
increasing necessitating appropriate control measures. Rotating rice with upland crops 
results in reduced infestation of water tolerant weeds. Drv seeded rice generally has 
more weed problems than transplanted rice. In Tamil Xadu, rice-rice-
blackgram/cotton rotation, the population of £. colomim v/as less in the second rice crop 
compared to the first one but its population was less In rice-rallow-cotton. Cyperiis 
dinormis in rice-rice<otton while it was decreased in rice-rice-olackgram sequence. 

Weed flora shifts 

With continues practice of use of a particular herbicide in a crop or growing of a 
particular crop/cropping sequence over a period of time, there is a likelihood oi shift in 
the weed flora from one conamunitv to the other. 

Herbicide use: Successive application of the same herbicide mav cause shift in weed flora, 
there are chances of shift from annuals to perennials. There are instances of build up of 
Cvperus rotundiis with the use of pendimethalin. 

Multiple cropping: Crop rotations through involve weed smothering and land covering 
crops such as legumes are helpful in reducing the growth of weeds to some extent. 
Similariv in upland situation, intercropping s\'stems in\'oh'ing rice and legumes such as 
cowpea help in suppressing the weed competition. There are reports from IRRI that 
there is large shift in weed floristic composition between sole rice and that rice 
intecropped with Azolla pinnnta. in sole rice, the weed community was dominated by 
Monoclioria vnginaiis. When Azolla was added to rice, the population of Monochorin 
vn<;'inniis \vas reduced bv 91 ?o, •(vhile the biomass of E. cnis-^mlli was increased bv 226%. 
Azolla reduces Marsilea luinnta and increases and increases Ci/perus diffonnis. Similarly 
in rice-wheat cropping which is practiced in northern India, the grassy weed Avena 
ludovicinua and Plialaris minor ha\'e become more problematic. Similarl}- use of short 
statured rice varieties with erect le\'els and upright canopy causes greater light 
penetration and high fertilizers cause increased weed growth. Another cropping system 
rice (wet season) and maize (dr^' season) was useful in reducing the problematic weeds 
like Scyrpus tnaritiums. Similarly jute-rice-potato system was found to be the best for 
controlling the weeds because potato cultivation involves intensi^'e tillage. 

Integrated weed management (IWIVI) strategy for rice-based cropping system 

UVM rationally combines both direct and Indirect methods of weed control and 
has to be cost effective. Some of the key points are important in this context are: 



In monocropped rice in eastern India in both uplands and lowlands off-season tillage 
helps in reducing the weed gro\vth considerably by preventing the weed seed settin"^ 
and ^exposition the rhizomes of difficult weeds like Cypcrus rotundiis to the host weather 
in summer. 

In different rice-based cropping systems it is essential to adopt cultural practices that 
are useful providing an advantage for the crop plants to suppress weeds. 
Establishment of higher level of crop stand, timely fertilizer application, mulching and 
weed competition cultivars are important. 

Inclusion of weed smothering crops in rotation helps n reducing the weed competition 
in the cropping systems. It is also at fact that some specific weeds are associated with 
certain crops and rotation of crops with dissimilar life cycles of cultural conditions so at 
to break the life cycle of weeds are useful. 

While using the herbicides in cropping system, it would be borne in mind the residual 
nature of the herbicides that are being used. Generally herbicides recommended for 
rice such as butachlor and thiobencarb do not have much residual effects on the 
succeeding crops. 

The different herbicides promising for different non-rice crops which are frown in 
rotation with rice are as follows: 

Wheat: Isoproturon @ 1.0-1.5 kg/ha-preemergence 

Maise: Simazine and atrazine @ 1.0-1.5 kg/ha-preemergence 

Alchlor @ 2.0 kg/ha 

Groundnut: Alachlor @ 1.5-2.0 kg/ha-preemergence 

Nitrof en @ 1.5-2.0 kg/ ha 

Fluchloralin @ 0.75-1.25 kg/ha 

Jute: Alachlor @ 1.5-2.0 kg/ha-preemergence 

Nitrogen @ 1.5-2.0 kg/ha-preemergence 

Pulses(blackgram, pigeonpea and cowpea): Alachlor @ 1.0-2.0 kg/ha-preemergence 

It can be concluded that by following appropriate and timely weed control in 
rice-based cropping systems it is possible to achieve higher yields and incomes. 
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INTEGRATED iVlANAGEivlENT OF RICE DISEASES 

Dr. Santosh K. Mohanty 
Senior Scienti?? 

CRRi, Cult'dCk 753 GG6 

Ricg IS the principal cereal grown in India in 42.1 miilion hectare for sustenance. 
Because of its vastness and diverse agrcciimatclogicai conditions methods of rice cultivation 
differs frcT! region to region. The wide adociion oi HYVs of rice (62.4%) in the country by 
f^rrporc hss Opened a new vista of increased use of chennica! fertilizers '^esticidss ^^"^ 
vveeoiCi'GcS, L^UB to intensive anu changeu cultivation practices anu use Oi hiQher c^uantify' of 
cnemicai ferriiizers minor disease iike sheath biight, sheath rot raise smut and rice tungro virus 
in addition to biast and bacterial leaf biight have occupied a prominent place in the disease 
scena.-jo of the country Therefore in the present disease-management strategies, the options 
' I w I I I . . 1 1 ^ I I . . .41 I . h^ ^•WIt.1%.^1 I W t 1 ...«.> 1 •..• k^.* • t k ^^^If^^t I I I I i w W VKI kl * u>i w . w k ^ l V l . . * ! ^ ! J h b X I I \ y i v ^ y r f \J ^* t k.\A t ^^ t ^ I l_« >^ h 1 ..^ V.. ^ . v.* I I h« 

juuicious use ot effective oheiTiioais ot'i u"ic basis or survciiiance. 

The ecofrfendly conceot of integrated cisease management with proper surveniance is 
the oniy '̂•abie .method to combat rice diseases successful!v. 

These imporrani rice diseases occur ccrh in wsi and an/ seasons except raise smut and 
tungro which occur only in the wet-season crop in eastern India (Table 1). The predisDosmg 
factors responsible for the outbreak of major rice diseases vary (Table 2). Keeping these factors 

measures. 

Host resistance is the cheacest and direct method for control of diseases. Several 
viiRease. rpsL-stsnt and toier5nt rice varieties and dehors were identified (Table 3) Clean and 
I l\.^.L^II.I I T O ^ k . ^ ^ l O LI 1 ^ ^ I > I V ^ . J I . i t I I ^ « . > l LCJI I L ICJk^V^^ I 4V/ I v^ hJ t_l \ ^ s.̂  L l l \ ^ O \ ^ %.̂  W4 - 1.1 .̂y t I I k.' t I I V^«.f V.* I Ol • l l \ > l l t . i l l ^ 4 C a i C*l | -kJ 

bacteyiai diseases. Rice vaiieties witl'i muiiiDie resistance is more rneaningful to bs urown in 
integrated disease management programme ^Taoie 4). 

Q\' m-rininijî h.n*^ sultsb!^' cultura! ^Tactices taki.n'̂  i.nto accourit of all the Dred'SD^ '̂P.*̂  
iaui.v>>o. t . i i~ u i o c a o ^ u t L ^ t i o i i y o a i i we; l a u u v ^ o u LW ci u t o a i ; : ;ALWI IU ivictii ILWMCII IK^C U I i i c i u oc:t l u a i i w i i, 

viz., curning of diseases straw, stuboies. cnaff, eracicaticn of disease-haroouring weeds and 
deep summer ploughing of the field are some of the visual practices adopted. Top-dressing of 
nitrogenous fertilizers in split disease is to be aone and basal aoplication of hi fertilizers can be 
ri'\Haran K\/ ^ . i o Wawc in H|3st-endemic areas BP.^ calcium amm.onium nitrate can be used m. 
basal application lOr bacteriSi uiiyiu-encieiTiic areas to reuuced tn6 uiseass severit'y. 

1 Need-based application of effecti\'e chemicals should be carried out by eccnonnizing 
chemiGal control like manipuiating ch?'mical dosages judning the severity of the di-sea.se-s, 
considering eccnom.ic threshold levels of diseases using a low •.'clume sprayer etc. Ecor.cmic 
thresiioiu levels idetitified for various diseases are rnentio/ieu in (Table 5). 

It is of prime importance to treat rice seeds with seed-dressing fungicides, viz., Beam 
75 Fu.n^crene, Bavistin 25 SD @ lo ^ 500 c of seeds prior to sov^ing. The effect is "^.'onbunced 
up to 5G days auar sowing in rice biasi Vynsn Bsami, i^ anu fiingorsne ars used, i or uscteriai 
biight control, treating seeds for 12 hr in a mixed soiu^ion of 0.05% wettable cereasan and 0.02% 
Agrimycin-100, followed h'^ hot water treatment at 52-54'C for 30 minutes of soaking seeds in 
100 ppm streptocycline solution overnight are found to be effective in eradicating seed-borne 
inoculum. This seed treatm.ent programme is cheaper than spray schedule in the field which is 
not followed by farmers strictly. Three fungicides, viz., riinosan (1 ml/iitre water), Bavistin (2 
g/iitre water) and Dithane M-45 (2.5 g/litre water; are effective for controiiing blast and brownspot 
diseases 
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Drug resislance 

Excepting for false smut, carbendazim is widely recommended for control of blast, 
sheath blight, sheath rot and also brown spot diseases. The mode of action of this fungicide is 
that it interferes v/ith spindle fibre at cell division. So these is chance for pathogen to develop 
drug resistance. So wherever carbofuran is recocnrnended it is advisable to use another 
chemical in rotation. 

Since last few years false smut disease of rice is assuming prominence causin'^ severe 

Chemicals, viz., copper oxychicride (fungicide), phoraie and monocrotcphos (insecticides) 
control false smut successfully when sprayed 4-5 weeks before flowenng. 

identification of tungro in farmer's field 

pianis as several oiher factors like nuiriticnai disorder, cold and drought also produce identical 
symptoms. 

Same hciyMi Wit i i yciiOWinQ, V«'n5r55S. in tUnyrO iuTcCtcu i rc iu, tucTc Win uS irrcyiJiSr grOWtii 

ana pianis wiii have different neight. 

2. In case of nutritional disorder^ the rnr* growth is very much normal nr at times more; but in 

Where does tiingro virus rernain rouncl the year 

Its sun/ival round the year depencs upon the host range of the virus. 

continuously re 
stubbies play a rnajor role iri its survival, 

2. During off seasons it sun/ives through wild nee species viz., O. nivara, O. perems ana O. 
bBrihii 

3. Some of the weeds have been found out to harbour tungro vims. They are E. inaica. H. 
compressa. S. tremulus. P. monspe.henses. and H. zeylanica (dicot weed). ^ 

Quick transmission of the virus by GLH, rapid build up of vectors under favourable conditions 
and long distance migration of vectors pose a favourable condition for tungro epidemics. 

• The crop should be in young stage (less than 50 days old) 

• The grov/ing of sensitive culnvars in n e field. 

• The presence of virus inoculum in the vicinity of the field. 

• The presence of viruliferous GLH in the locality. 

j » Early rain in the monsoon season helps in the multiplication of GLH early in the year. 

^ • The spread of tungro is faster in wide spacing than the close spacing of crop. 

• Presence of external water stress for a long period during the early stage of crop helps in 
increasing the severihy of tungro disease. 
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wonciUSiODS 

Integrated disease management in nee is a practical, eco-triencJly programme v/nicn 
tends to min imize the use of chemica! G-eater rehance is out on nenetic resistance •-; -est 
T'lants 5n' i cul tursi control mepsu'e? ~''"~e ?. oc^ss ?>>'"' glc^/ of s'jci'! OP ''"??• •;'r,?!'?"^^^e ''es*? 

The integrated aoproach should .nciuae selection of disease free seecs ';cnt cr.o.ce o: 
cultivars, jud ic ious use oj fertilizers and o:z2":c manures ptoper date of so-.vmg. seec 
o n H n o o r ^ H a c c i W r^rr"^ nr,'-itc»/~f i o n m o - D c i trine: 
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I abie 1. Seasonal incidence of important rice diseases in Orissa 

Disease Period cf disease incicjence Peak period 

P,ainy season (khanf) July-Sep Sep-Oct 

Summer Dec-Apr Mar-Apr 

Sep-Apr 

Sheath blight 

Htiarif 

Summer 

Shsatn ret 

Kharif 

Summer 

3rown spot 

Khanf 

Summer 

Saqtsria! leaf bl ight 

Kharif 

Summer 

Bacterial leaf streak 

Khanf 

Summer . 

Sep-Oct 

iViar-Apr 

Oct 

Apr-Way 

June-No-

iViar-Apr 

Aug-NoY 

,jan-Apr 

Aug-Oct 

Feb-Aor 

-alss smiit 

Oct-Mov 

Oct-Nov 

Aor 

SsD-Oct 

Mar-Apr 

Sep 

Mar 

Kharif Oct-.̂ Jov Nov 

Rice tungro virus 

Khanf Aug-Nov Oct 
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I ab ie 2 . P r e - d i s p o s i n g fac tors for t h e o u t b r e a k of ma jo r r ice d i s e a s e s . 

Blast 

i Low nigni 
temperature 
of 20 - 2CC 
with high RH 
90% 

2. Copious 
dew 
formation 
occurnng in 
susceptible 
staas of 

Boi-Yvn spot 

1. 

2. 

Rice plants 
become more 
susceptible at 
the time of 
flowering and 
maturity than 
at young 
stages 

The disease 
occurs m 
sever from 
either at hî ^h 
« r I r t . . . M 1 I 
wi iwyv I-* revet 

Sheath tjl ight 

1. 

2. 

An optimal 
temperature 
of 23-32''C 

Application of 
higher dose of 
N fertilizers 

-

Bacterial bl ight 

1 Lateriuc and 
alluvial soil 
favour more 
diseases 

VVaierioggirtg 
conditions 
encourages 
cisease 
cevelcpment 

T 
1 ungro virus 
complex 

1 , 

2. 

Raising of 
nurseries 
alluvial soil in 
the field 
adjacerit to 
ratccn crops 

The eariy 
monsoon break 
(Acr and May) 
helps in 
building of 
higher veaor 

crop 

- M t 

i i iuwc ia ui 
rain 
continuina 
for few nav.s 
of CiCUGV 
weiitii.er 
persisting 
for fev/ cavs 

Plants grown 
in soil 
deficient in K. 
Ca. ,Mg and 
7n suffer from 
this disease 
severeiv 

Early scv/mg 
arid early 
transplanting 
encourages 
m o r ? d i s e a s e 

— ̂ . " - 'QCC '' 

rem tillering to 
naximum 
iiiprinr: ^JTidP-. 

irnr^p'^. 

; ib i idbeb 

levslopment 

u a i i s - . a i i u i i y 

invites more 
disease as the 
prevalence of 
vectors m 
I'laiufe 
ccinciaes with 
eariy stage of 

Less 
sunsiiine 
hours 

in leacneo SOH 
exhiDit severe 
infection thsn 

grown in 
unleached s: 

More numcsr 
of 
seedlings/ni,i 
•nvite higner 
disease 
incidence 

'^rovr'ing or tne 
c'cc under 
s"ade favours 

_'ccurrence or 
drougnt in eariy 
part of season 
heips in 
attracting more 
number of 
green leaf 
hopper to 
infected rice 
plants 

5. Acidic soils 5. Heavy rainfall 5. Presence of 
favour blast in Sef^ 

by 
temperature of 
25-30''C 
followed by 
continuous 
cloudy 
weather in 
Oct-No^ 
favours 
severity of 
disease 

root knot 

render plants 
more 
susceotible 

5. Pruning of 
leaves at the 
kit I t C O l 

transplanting 
favours 
disease 
n^y^lnn/7>onf 

5. Growing of 
weed hosts like 

coiona. 
Hemarihia 

Zeyianlca 
supply 
inoculum 
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6. Grcv/irig rice 6. Heavy rainfall 6. Piar.ts with 

seecungs on 
raised 
seedbeds. 
Dc)' soil 
* « ., . - ^ U I ^ ^ * 

occurrence 

in Sep 
accompanied 
by 
temperature of 

foiiowed by 
continuous 
cloudy 
westher in 

luxuriant 
growth sutler 
more than 
plants with 

.npunCcitOn 

or n:gh cose 
cf N 
fert'lizers 50 
kg r.!r,z. 
Amrr.criium 
sulphate 
favours blast 

ravours 
• severity of 
disease 

Table 3. Disease resistant or tolerant nee varieties in India 

D'lSsasB Varieties 

lo^urna, Ar.r.sds. Bhagav/athi, Birss Dnsn 101. Dsspa 
Daya, Jimaiayal Himaiays 2, indirg, iR 36, Jajati, Kshira, LaiaL ^aK.shmr 
Moti, Naganirna. Narenara 80, Praiao, Panidhan. Patnara, Pusa 2C5 Ras!, 
Ratnaolri ";, Ran-,a Raieswan, Sarathi, Samalei, Saiivahana, Snena, Sona 
Tnveni, Vandana 

Bacreriai biigni Asha, Ananca. Deepii, Daya, Gayairi, Govinda, iR 36, iR 20, Ja.iau, Laiar 
Mahalaxmi, Mahendra, Pathara, Parijat, PR 4141, Rami^rishna Shankar, 
Sufala. Seerr.a LJsha 

o i i t au i ur.'j-.i. ArutVd, ADT 59, CR 1G14, mariai'iafsaii, Ratriagiri, Nalini, PTB 33 Parii<aj, 
Sv^arnadhan. T 141, Vik rsmarya 

R;ce tcngro vir'js Annapurna, Arr^aravat;, Basmati 370, Indira, IR 20, Kshira, Met! Pragati, 

False smut 

viKramarya, viKram. Vytiiia 5 

Latisail, W\1U 3. SuDandh Tadukan. Zenith 



Table 4. Varieties wifn miiitipie resistance. 
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SI.No. Varietv Mnme Gall midae BPH B!n<;t Shsath 
blight 

RTV 

1 

3. 

4. 

5. 

5 

7. 

8 

9. 

10. 

1 1 

ADT37 

ADT3S 

ASD18 

/^J - jor jHor j :3 

Heera 

HKR 120 

iR 36 

IR 50 

Kshira 

Manaharsaii 

S66iTia 

R 

R 

R 

R 

R 

-

R 

-

R 

T 

, 

T 

T 

T 

T 

-

T 

T 

T 

T 

T 

-r-
1 

T 

T 

T 

T 

T 

T 

-

s 

T 

T 

-r 
1 

T 

-

T 

7 

-

T 

T 

T 

-

T 

. 

12. Tara rx T 

Udaya 

14 Vikramap/a 

15. V-j-tiila-S 

T T T 

T 

R 

R = Resistant Tolerant 

Table 5. Threshold levels idennfied for different diseases 

Neck blast 

on j v>n i i i l t ca iuna »YUII l i y i a y i o y (.^cTuci ^-^ i c5n j i i s ; i ca i 

2-3% neek infection with the damaged region near the neck 

• I f^e''^^'*<^ ' ^ ^ ^ ft F.*^ r .̂.! I r» ^ t . " e i . • * t ^ * ^ # -« r^^t * r^r^p^^r^^ ^^ r^ fj t^t^trsr^^^ ^^ ̂ ^ n^ ft r^ ,-^ ^ 

L S S l w i t o w» O - O i i l n l I n 5»^t? t t l i t i yicajr v o i l i d l a n u t b o l w n o ^ w i t n u ^ ^ u 

to lower one-fourth tengih of the tiiier when 2-3 piants/m" 
infected 

3actsfi3l blight 

Tunpro virus complex 

Whe." 2-3 leaves'm" show t>/pica! sympto.Tjs of blight at the time 
of active tillering stage 

1 tunqro infected plant/m" and 2-3 GLH/hill 





INTEGRATED INSECT PEST MANAGEMENT 

Mr.R.C. Dani 
Senior Scientist 

Division of Entomology 
CRRI, Cuttack 

Application of all the available insect pest management skills judicisously in 
order to get sustainable economic return without endangering the environment is the 
aim of integrated insect pest management. Thus integrated pest management has been 
defined as "A pest management system that in the context of the associated 
environment and the population dynamics of the pest species utilises all suitable 
techniques and methods, in as compatible manner as possible and maintains the pest 
populations at levels below those causing income injurv" by FAO. 

Insect pest management in rice is important as it is grown in almost all the states 
of India covering a total area of 42 m ha. Again in the last several decades there is a 
growing change in the rice cultivation in the form of introduction of high vielding, 
fertilizer responsi\'e varieties and adoption of intensive crop management practices. 
Concomitant with the change in rice cuIti\'ation. the rice environment became 
conducive for the growth of several insect pests, which cause damages to the rice crop 
and results in the reduction of crop yield. It is estimated that about 30% yield is lost 
due to insect pests. The role of insects in a rice based cropping system is better 
understood with a comprehensive knowledge about the major insect pests that damage 
all types of crops. Therefore, identification of insect pests and their management has 
remained as an important component in the production system. Here, emphasis was 
laid on the identification of insects because in the cropping environment there are 
several insects which are harmful and several others -̂ vhich are harmless.. Manv of the 
harmless insects are beneficial for farmers serving as predators and parasites on 
harmful pests. Therefore it depends on farmers to properly identify the pests in order 
to control them effectively and conserve the predators and parasites in the field. 

Depending on the population pressure of pests, the mode of control measures to 
be adopted should be finalised. The management schedule should be operationally 
feasible, economicallv viable and environmentally safe. 

More'than one hundred species of insects damage the rice crop but 5 to 100 types 
of them are economically important. Identification of location specific problem is a 
prerequisite in order to select the suitable variety. Depending on the most prevalent 
insect pest a suitable resistant/tolerant variety may be selected, so that the crop can be 
sa\̂ ed from the major pest. 

Site specific cultural practices may be followed such as: - - • 

• Soil testing in order to apply necessary amount of fertilizer 
• Deep summer ploughing 



Destruction of strubbles and weeds 
Seed disinfection 
Root dip treatment of seedlings to be planted 
Early and synchronised planting 
Maintaining right distance between rows & lines 
Judicious water management 
Planting with skip rows in BPH endemic areas 

e Weed management 
• Survey of insect pests and diseases 

Survey can be done b\ mere observation or by using light traps or sex 
phenomone traps. 

Some of the mechanical control measures are very useful for specific pest v\,̂ hich 
may be followed such as: 

• Collection of eggs, larvae and pupa and their destruction 

• Mass collection of insects tlirough light traps or phenomone mediateci traps 

• Destruction of infested leaf tips as in case of hispa damage 

• Dislodging of defoliating Iar\-ae by means of playing ropes in the field and draining 
out them by draining out water from the field. 

It is desirable to identity the predators and parasites and conserving them in the 
field. Release of Trychogramma jnyomcum in the field in order to control stem borer 
may be under taken. 

After following all these measurers if the insect population crosses the economic 
threshold level, chemical control measures may be under taken. Therefore, it is 
desirable to know the economic threshold level of different insect pests. 

Economic threshold level of different pests 

Stem borer : 5% dead hearts or 1 nion or egg mass/sq mt 

Gall midge : 5% silvershoots 

Brown plant hopper or : 5-10 xymph or adult/hill 

white backed planthopper 

Green leafhopper : 10-20 xymphs or adult/hill 

Leaf folder : 2 ireshly damaged leaf/hill 

Keeping the ETL in view the following insecticides can be applied in the field. 



Granular insecticides like Thimet lOG or Carbofuran 3G @lkg a.i./ha may be 
applied or emulsifiable concentrates like Chlorpyrifos, Monocrotophos, Quinalphos, 
Oxydemeton-methyl, Phosphomidon etc. can be applied at 0.5kg a.i./ha. 

Besides there are some precautionary methods of insecticide application which 
are economical and environment friendly. They are seed treatment like treating 100 kg 
seeds with Clilopyrifos 1kg a.i. so that the plants can be saved from white ants, white 
grubs, mole cricket etc. Seedling root dip treatment like dipping the roots of seedling 
for 12 hours in 0.02% concentration solution of clilorpyrifos so that tlie plants will be 
saved from the early infestation till 20 days. 

Thus a combination of different methods of insect management wilJ be more 
helpful in realising the desirable grain yield of rice. 

OB a£2£ 
cro oX> 





ROLE OF NATURAL ENEMIES IN THE MANAGEMENT OF RICE PESTS 

K.S. Behera 
Senior Scientist 

Division of Entomology 
CRRl Cuttack 

The rice ecosystem comprises of a large number of insect pests, predominant 
being the stem borers, gall midge, planthoppers, leaf-folders and gundibug. Similarly a 
large number of parasites and predators are also available in this ecosystem and a 
balancing machinism operates to keep the pest population at a low level. It is mainly 
the disruptive action of certain chemical insecticides that upsets this balance. However, 
taking advantage of their natural existence the scope of exploiting the potential of 
natural enemies in the management of rice pests is encouraging. 

Natural enemies available in the rice environment could be grouped into three 
categories; predators, parasites and pathogens. Amongst, predators are the most 
conspicuous forms and consume manv pre^ ŝ during their life span. Usuailv thev are 
general feeders. They consist largelv of spiders, dragon flies, damsel files, beetles and 
bu2;s. Thev need to be conserved in the rice environment. 

"o-

A parasite is defined as an organism that lives in or on another host usually 
larger living organism (host) and requires only one or partial individual to complete its 
life cycle. The insect parasites on insects are called as parasitoid species, when a 
parasite attack a host externally it is called as ectoparasite (e.g. Gonioziis sp.) when 
internallv it is known as endoparasite (e.g. Cardiochiles sp.). A primarv parasite is any 
species attacking a particular host. A parasite that attacks another parasite is called a 
secondar^' parasite or hyper parasite (e.g. Orgiliis sp. on Cardiochiles sp.). If the host is 
attacked bv many individuals of the same parasite species, it is called super parasitism ( 
e.g. Tiichogmmmn jnponicinn on egg of yellow stem borer). When the host is attacked by 
more than one species of a primary parasite the term applied is an multiple parasitism. 

Parasites are more host specific and may be host stage specific. Some of them are 
amenable to mass rearing and thus their conservation and releases mav be undertaken 
in the rice fields. Some familiar examples of rice pest parasitoids are Trichogrnmnm sp., 
Apnnteles sp., Platygnster onjzne, Mncrocentnis sp., Anagnis sp., Cardiochiles sp. and 
TJiccocarcelin sp. Thev belong mostly to insect orders, Hymenoptera and Diptera. Most 
of the female parasitoids have a long ovipositor. 

Main-groups of pathogens reported on rice pests belong to fungi, viruses and 
bacteria. They are microscopic in nature and many of the viruses are host specific. 
Thev are not visible to naked eye except when they form colony. Their presence could 
be know tJirough observation dead or rotten insects in the field. Some familiar 
examples are Bemiveria, Metarhiziiuu, granulosis viruses. Commercial formulations of 
the well known bacteria Bacillus tiniringiensis are now available in the market (e.g. 



Dipel, Bactospine, Halt). The pathogens are usually amendable to mass production in 
the laboratory. The\' could be tried in the laboratory. They could be ti'ied in the field in 
a small scale through spraying of aqueous solution of diseases insects. It is mostly 
effective against leaf feeding cater-piliars. 

Natural enemies of a few major pests of j"ice have been identified and their 
beneficial role quantified. Parasitism of yellow stem borer egg masses due to Tdcnomus 
sp. and Tridwgiwunin sp. reaches upto 90%. Parasitism due to Plntygnstcr oryznc an egg-
larval parasitoid of gall midge is low early in the season rises to 40-50% in the tillering 
phase and reaches 80-95% by the end of the season. Larval parasitism of Cnaplmlocrocis 
medinalis due to CnrdiocJiiles sp. reaches upto 40% in the \vet season. Role of natural 
enemies in regulating the populations of BPH below economic injur\' level is well 
established. Use of brpad spectrum insecticides kills the natural enemies which result 
the resurgence oi pests like BPH and leaffolders. Among the predators, spiders along 
^vith the green bug play an important role in limiting the population of BPH. Besides, 
this spider eggs also support rice pest parasitoids as reser\'oir hosts. Provision of 
hibernacula b}' wa\' of placing straw-s on bunds after harvest facilitates recolonization 
when the crop is grown again. 

Some of the factors that adverselv affect the activities of natural enemies are 
indiscriminate or prophylactic use of insecticides, cannibalism, hyperparasitism and the 
fragile rice ecosvstem. Between insecticide spray and granular formulations the latter is 
preferable. However, phorate possibly has come of fumigant action. Due to its 
application pupal parasitism o leaffolders was adverselv affected. They spray 
formulation of monocrotophos, chiorpvriphos application reduced the 'egg parasitism 
of yellow stem borer immediately, but was restored again within a fortnight. Thus it is 
advisable to recommend insecticide application only when it is essential. 

Some of the factors which encourage natural enemies activities are provision of 
hibernalcula, shelters or nectar producing plants like mustard in rice environment. 

Trichogrmwnn jnponicwn and T. chilonis have been used in the field to reduce 
populations of pests like vellow stem borer and leaffoider. The augmentative release of 
T. jnponicuni/ T./ chilonis @ 1 lac/ha/week for six weeks 35 davs after transplantation is 
recommended. The Trichocards should be placed above the canopy and 20-25 mt apart, 
avoiding 3-4 border rows. Besides release manual collection of yello\v stem borer egg 
masses and putting them in bamboo cage-cum-percher is also helpfu: to increase the 
parasitoid population. 

aooDOD 
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AGRONOIVIIC MANAGEMENT OF HYBRID RICE 

K.S. RAO 
Senior Scientist 

Division of A*^ronom^' 

At the c'jrreni rate of pcpuiation grovvth in India, the reauirement of rice by the turn of 
03nturv is sstirnsted tc -9 srcund 95 miilicn tonnes The tct3! rice '^reduction durin^ *"hs current 
yesr is arcunu o^ miiMcri tones, inus '/Viticin next livs yesrs. s ""OuLiction increase or around 13 
miiiicr! tonnes ras ro ce acnievec :o 3L--.=;n the seif sufficiency acnieved in the eariy 8us, by 
large scaie aacc:,c c: semi-awarf nign yielding vaneties couclea with improved management 
firacrices. The "SSK S cuiie cnsiie'^-ging and the options avsiiacie are very limitea in viev/ of 

5no oi i icr inDiits. niTicny the variOtiS possioie yenetic approacnes to aciiieve tilis taryet, hypnd 
nee tecnnciogy 's tne mostfeasiD.'e ana reaaiiy aaaptaoie one, as nas been demonsiratecj in the 
PeoDies Repuciic of China, during tne last r.vo decaaes. Presentiv, 55 per cent of the 32 million 
ha of nr.p sres 'n C'r.in^ i? ander nybnd rice, accoi.'ntinn for more than 66 per cent of the tota.) 
ri/-n r^rz-vWl f.•"*(*-^»> 

The long cnensnea goal or aeveioDing and using nee hyorids in Inaian agriculture, has 
been accompiisned with the release of 4 hybnds for commerciai cultivation in 1S94. 
Subsequently 3 more hybnds have been re.'essed by the oublic sector. Few hybrids fro.m privaie 
j^cv* oc?^iOr SiSC PGing succGootuu/ mtarKS^Su. unsny mors prcmiisiriy iiyk-iriGS srG ivi mS Cuing. 
The prospects of large scaie aaootion of hybrid rice technology m India appears to be bright. 
During the wet season 1996. it is esiimatea that more than 60.000 ha area has been planted to 
hybrid rice in vanous parts of the country with maximum area in Andhra Pradesh foilcA'ed by 
Karnataka anc "a.milnadu. It is enviss'^ed to cover 2.0 m.iliion ha under ĥ -̂ brid rice in favorable 

M 11 y d LOW c \ - r w o v a t o m uy i u w w ynL-*. t 11^ Ld iycL a i c a o a i o f - U n j a u , i ta iyca l ta , v v c o L c m I^LLOI r i a u c r o i i 

and irrigaiea areas of Ancnra Praaesn, KarhataKa and Tamiinaau. 

Hybrid nee has its ov*'n scecific characteristics in the development of individual plants 
and oc^^ulstjcn structure Further the rs'^uirement of in'^uts like ferrilizer water and ether cultural 
prsctic&s are dinerent as corripared to the conventional vsnstiss. oo masisriny tnoss 
characteristics and aaopting suiiaoie agronomic management practices are the key componenrs 
for realizing the yield potential and successful targe scale cultivation of these hybrids. A 
comprehensive package for cultivation of hybrids in various (denrrfied target areas in different 

makincj cultivatiori of ivybnus a clear cut proiitable enterprise for the nee farmers. 

Salient features 

• Hybrids have a convincing yield advantage of at least one tonne per hectare more than the 
h ighest yielding inbred cultivars with similar maturity duration. 

" Higher productive tillers and m.ore number of grains per panicle 
• W i l l i sl ight modification can be successfully grown under similar management practices as 

for comnnon varieties 

Suitability of varieties 

The performance of hybrid rices is reported to be highly location-specific• At present the 
varietal choice is limited since only a few hybrids are available for cultivation. The suitability' of 
these hybrids for a particular location depends on their duration, plant characteristics and the 
land situat ion in which they are grown. A number of newly developed hybnds (115-125 days 
duration) at different research institutions of the country were evaluated at the Central Rice 
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Research Institute, Cuttack for their yield performance in both wet and dr̂ ' seasons. Among 
them, ProAgro 6201. KMRH-2 and DRRH-1 were promisincj with yield levels of 3.65 to 4.22 and 
5.39 to 5 60 during wet and dr\' seasons respectively These vaneties showed an yield 
advantage of about a tonne per hectare over the check varieties cf highest yielding inbred 
cuitivars like IR 36, Ratna and CR 749-2-20 of similar duration (Table 1 & Table 2). 

Nursery raising 

Hybrid rice seeds cost more and need replacement every season. It is necessary to cut 
down costs on seed by optimizing seed rate through appropriate adjustment of seeding density 
in nurser/ and seedling number per hi!! while planting Hence, proper management of nursery 
raising is importatit for its profitable cultivation. t-4uii>eiy should be sown in the first week of Juiie 
for Knanf crop and in the second week of December tor rabi crop A total 600 sq m area is 
required for raising nursery to transolant one neciare in the mam field Preoare 1-1.5 m wide 
p.'jrser '̂ beds of sn^' convenient lenoth A'^'^h' 5 k," ures 10 kcj smcle suDsr-D.̂ .C'Sphate vs'it.h 5-10 
Liiiic";? vvcM j v j i i d i r i wt a i i U J r\u t i t u i t a i c ; Oi p^^Loau u^i^xz: m i a i tc^vctniiv^ u i ucsu^caoL .*_» r\y ^ixr-

germinated seeds ( soak the seeas overnight in water, sncuoaie in warm nnois: condaionfor 36-
48 hours or until germination) on tnis well prepared nursery bed The optimum seed density is 
1 kg seed/40 sq.m. Thick sowing "of seeds would lead week seedlings. To cneck the damage by 
the b'rds and fo.̂  better '̂ e.Tninaticn broad'^sst a t^^.ir, 'aver cf well decomccseci ^owderecf PV^̂  
rnariure Irnmeuiatciy Suer uroaucasting me S££us. 

Keeo the nursery beds moist for first few days and weed free After the seedlings are 
about 1 inch high, keep a shallow layer of water Top oress tne nursery beds v^itb 5 kg urea per 
^ n n c i m oV-*<^iit i n H O » ' C K o t ^ r o Tf ̂ nc:njor>+imr» A l l t n o c o r>ro'^+t^ocr o n c t i r £ a c ho^l+^jx/ a j l ' ^ rr*Ki icf 

se&ciinQS wtiich are pfe-requisites lor higi'ier yieiu. 

Land preparation and transplanting 

The land should be well ouddied and levelled in order to reduce water loss through 
pernolatton Give p. nan of s.t ieast 10 davs betweer^ in>ti.?! and final puddiinn. for better weed 

Hyenas were more sensitive to extreme temoeratures at flowering esoecialiy at tower 
le.Tioeratures. tnan tne conventionally bred varieties Tnerefore it is desired tc oiant tnem m time 
.ore'e.'̂ piv tr. the second week c' Julv a.nd Janij?'". for knsrif snd rsbi crops resDectfveiy. 

Mucusi nas oeen lasntifiea as tne laiest period in wei season oy v/nicn crop nas ro oe planted to 
aver unaue loss m yield (Tabie 3) Delayed piannnc see.ms tc have a aetnmental effect on 
gro.vtn and seed-filiinc process v.-hich ultimately recuces tne yield At Hyaerabad July 25th 
• • s • • ' - • — • ^ " • - — £ • • • - • - . — . . . . . - . - - ^ , , « . . . „ ^ — . , » 3 - - v —^. . — . . _ , 

D)£".!3̂ *uS i ne Dercentape DT feouction in grain yisju vvas o* ^ns oro^r o- i*~t anr ._>-+ unGSf nugust 
Dtn 2nd August "iotn Dianung naies respectively as comsarea ID juiy 25 planting accounting to a 
rec'jction of 90 kg grain oer day Similarly at Pantnagar July 15 planting recorded the higher 
grain yield Tne reduction in gram yield was significant accounting to 7 per cent (43 kg grain 

realized from rice hybrids fay planting the crop during the rrionu'i of July. 

The ideal and cotimuir. Diant population for qcod croo under norma! clanting conditions 
!<. .''; ."',,000 ntantS''h3 Tn grirK^ve tnis the Gfon shnnH D? planted in the mam field at a row-to-

20 err. zr.'d plant-replant distance cf 10 cn̂ .. In cace of rancom planting 
33 (iiHs per sq.m. To ensure pfopet crop statid it is beuer to transplant 2 seediinos/luli instead of 
one m situations where tnere is possibility of flooding at initial stages particularly dunng wet 
(Knanf) season. Otherv.'ise one seedling per hill is sufficient as hybrid seedlings have more 
tillering capacib/. 
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An experiment conducted during the wet season 1996 in order to evaluate the 
perfornnanca of hybrid rice (CV. VRH 2) under drfferent nnethods of planting, spacinq and 
seedling densities showed that skipping one ^C-J after transplanting four continuous rcws 

seedling densities, in norrnal season where there is no siagnation of water at piantiny, no 
significant differences in grain yield annong l . 2 ana 3 seeaiings;hill were ODservea indicating 
that one seedling per hill was adequate enough for achieving higher yield and saving on cost of 
seed 

i-ertiiizer lyianagement 

::rncieni lennizer rnaivagerneni is ii'ie ^ey to •inpfove ine gram yieio anu resoorise to 
aadea fertilizers in any crop production system anc so in nyorid rice cuitivation. The aose ana 
time of fertiiizer apoiication depends up on many 'actors like basic soil fertility/, the vanetai 
reaction with pests and diseases, sveed incidence and oronping pattern, besides the source ana 
msincd of its application and synsrgistic etfsct w JLt i C t I k O . t l > ^ I I I I C t l .^V. 

roncrwing Terimzer scneauie is recornmendea lor n/ianr ana raoi crops. 

Khartf (wet season) 

3 weeKS auer transplaritinQ 
6 weeks after transpianting 

50 kg bl 4C kg ,-:C-,and 50 kg KjO.'ha 
25 kg N/ha 
9^ kg fjyna 

Rahf (Dry season) 

3 weeks after transpianting 
6 weeks after transplanting 

60 kg N. 50 kg PiOjand 60 kg K:G/h3 

; 20 kg N/ha 

Delayed application of N and K CG!nc!d."^g 'vith flowering can help realize the ^ j i ' 
pctential of hybrid ricss. Prsliminar/ cbservsticn •;5; ccnductsd at CRR! during dry- season 1G37 
revealed that deiayea N and K (fraction of the ioiai recommended N & K) application ai heading 
increased gram yield by reducing percentage of unnlled grains. 

« vc€u vuiiii Oi 

It has been established that there is consiceraoie reduction in grain yield if weeds are 
not renncved within three weeks of transplantin'^. Therefore, in order to achieve "ood ^'ieid tar'^et 

bctn efficient and eccncmicai. Cost-effective weec ccntroi couia be achievea by pre-emegence 
application of herbicides like butachlor 50 EC or thicbencarb 50 EC @ 3,00 I per hectare or 
machete.Adelchlor granules @. 30 kg per hectare or Saturn granules 6% @ 25 kg pet hectare 
with.'.n 2-3 da^'s after trans'^iantin'^ in 4-5 cm staridinc^ water. The li'^uid formulations m.av be 
mixed with 150 kg of sand per hectare and broadcast uniformly. Use of liquid formulations mixed 
with sand or ioose soti is as effective as granular application and it is far more economical in 
comparison to granules 

Insect pest and disease control 

The pGst problem in hybrid rico is comparatively more severe than that of other varieties. 
Leaf & plant hoppers , leaf foider, stem borer, gaii midge and hispa are" some of the serious 
pests that affect hybnd nee. Rats also cause considerable damage to the crop. The emergence 
of white ear heads after flowering due to stem borer causes tosses in yield up to 50-60 per cent. 
The plant hoppers can be controlled by spraving the crop with 800 ml Ekalux 25 EC 
(Guinolphos) or one litre of Coroban/ Dursban 20 EC (Chloropyriphos) or 560 ml of Thiodan 35 
EC (Endosuiian) or 560 mi of Nuvacron 3D S L (Monoctoiophos) in 100 litre of water per acre. To 
control stem borer, apply Furadon 3 G @ 10 kg/acre or spray the crop three times i.e. 30, 50 and 
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70 days after transplanting with 1*50 ml of Dimecron or 560 ml of Nuvacron/Monocil 35 5L 
(Monocrotophos) OJ I litre of Coroban 20 EC (Chloropyriphos) in 100 litre of water per acre To 
control leaf folder spray the crop with 250 ml of Folithion/Sumithion 50 Ec (fenitrothion) or 400 
gms of Sevin 50 WP (carbar '̂l) in 100 litres of water per acre. 

Rice blast, bacterial leaf blight, sheath blight and false smut are the major diseases. 
Suitable preventive measures are important for keeping the "yield losses at the minimum. To 
control blast, spray Hinosan @ 1 mlAlitre as soon as the incidence noticed Give one more spray 
after 10 days. Sheath blight can be controlled by spraying Bavistin @ Ig/liter or Rhizolex 50 WP 
@ 1 g/litre as soon as the disease is noticed 

Harvesting 

Timely harvest would avoid any loss due to shattering and improve milling quaiiU-
Tnerefore, harvest the crop at optimum mo/sture content of about 15% and dry til! '}-^% rnoistL!'"^ 

Economic evaluation of hybrid rice technology 

People outside China still have their doubts about the economic viability of hybrid rice 
technology. The question in their mind is would the level of yield increase that they are genma 
wJil be s'jfficient to pay the extra expenditure i.nvolved, T.ne reports fro.m various parts of tne 
country suggests distinct economic advaritage In hybrid rice cultivation no extra expenses are 
mvoivsd except tne cost of seed and lo some eweni extra cosi on fertilizer piani proteciion 
measures. A preliminary estimate indicates mat even if all these costs (10-15 per cent hicner 
than the growing of conventional varieties', are taken into account̂  the yield advantage or' 
approximately 1 t'ha can we!! take care of tnese costs and one can expect a net additional profit 
of about Rs, 2GGC-25GG per hectare over the conventional varieties. The auvantage to the seed 
proaucer will be stiii much higher ' ; 

Tips for profitable cultivation of hybrid rice 

• Grow hybrid rice in assured irrigated areas where neariy the potential yield of tr̂ e 
existing high yie'dina varieties is being realized 

• AdcDt crcper agronomic manaaem.ent oractices so as to exoloit tne full porential c' tne 
hybrids Agronomic mananement of hybrid nce di^er consideraWy from tn.?t of 
ccnvsnticns; varieties, primarily because of neterosis. Differences are most prcncur.ced 
cit the Seeding arid liie vegiiabve growth stages. Fertiiizei, watei and culiurai 
management manipulate yield com.Donenis canopy structure and field population. 

For raising healthy seedlings crcascasr "iS kg pre-germinsted seeds on we!! pre::2'e: 
nursery bed measuring SGO sq.rr, Tne cptinriurr, seed density is 1 kg 5eed''4G S-.~, 
Thick sowing of seeas would lead weaK seedlings . 

• Hybrids ?.re more sensitive to e.xtreme temperature at flowering, especially at lov^e-
temiperstures, tnan ccnvsnticnally nred varieties. So plant the crop at cptim.um time 
preferably m the second week oi July and January respectively for wet and dry seasons 

• Transplant 25-30 days old seedlings st tne rate of one seedling per hill at 20 x 15 crri 
spacing in the main field. 

• Apply the recommended N (100 kg N/ha in wet season and 120 kg N/ha in dry season) 
in three Splits 50% basal, 25% st tillenng and the rest 25% at week before panicle 
initiation. Avoid using over dose of N fertilizers which may effect grain filling end 
damage by insect pests and diseases. 
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Ensure timely and suitable wee<3 control measures in order to get better resconse to the 
added inputs. 

Adopt neea based ccntrci rr.es3i.,,'es for controiiing insect casts ana Giseases. 

Harvest in.'? crop 9.t optimurn "^oisture content of about ""8% and dry till 1'^% nnosture 

9 BUY FRESH HYBRID SEED EACH SEASON FOR BUiVlPER HARVEST Do net use 
the grains har/ested from ccrr—e-cia! crop of hybrid as the seed for the next crco. The 
Visid 'iViil drasticaiiy rsaucs c-3 : : ssgrsgsticn and less of r:,or,6 vigour. 

Tabic " i . Response c f cenain prcrr.iSing Hyfarids to nitrogen application, '/.'et season 1SSS 

Vanetv/Culture NO N5G N100 N150 Mean 

Grain yield (t/hai 
ProAgro 6201 
DRRH-1 

Ratna 

3.16 

2.99 

2.30 

4.19 

3.43 

2.78 

4.67 
3.9S 

4 53 

4.19 
4.74 

3.40 

4.14 

3.65 
422 

2.95 

CD. (0.05) for varieties (V) 0.13 
for N levels [M] 0.11 

for N at same V 0.22 

Table 2. Response cf certain prcr.ssir.g Hybrids to nitrogen applicaticn, Dry season 199? 

Variety/Culture 

Grain yield (L'ha) 
ProAgro 6201 
Amarsiri 
DRRH-1 
Ratna 
IR36 
CR 749-2-20 

NO 

3.75 
3.35 
3.50 
3.00 
3.20 
3.00 

N 6 0 

5.20 
4 70 
5.00 
4.30 
4.50 
4.20 

NlOO 

6.35 
5.80 
6.10 
5.55 
5.85 
5.30 

N150 

7,10 
6.50 
6.95 
5.30 
6.15 
5.50 

Mean 

5.60 
5.09 
5.39 
4.6S 
4.93 
4.50 

Mean 3.30 4.65 5.83 6.23 

CD. (0.05) for varieties QJ) 0.21 
for N levels (f\l) 0. IS 
for Vat same N 0.31 
for N at same V 0.22 
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Table 3 ; Effct of date of planting on grain yield of hybrids, wet season 1995 

Location/ Date of 

planting 

DRRH-1 

Grain yield (t/ha) 

APHR-2 PA-103 CRH-1 

HYDERABAD 

July 25th 

August 5th 

Auaust 15th 

PANTNAGAR 

Juiy 15th 

Juiy 25th 

CD. ro.05^ for varieties (V) 
for D 
forV 
forD 

5.Q5 

4.80 

3.77 

6.08 

5.08 

2tes of planting (D) 
at same D 
at same V 

5.78 

4 80 

3,73 

6.43 

D.UO 

H '̂derHbad 

NS 
0.51 
NS 
NS 

Pantnaaat 

NS 
0.31 
NS 
fsiS 

5.B8 

4.81 

3.54 

6.20 

5.85 

-

-

6.21 

6.19 

Table 4. Grain yield of Hybrid rice (Cv. VRH 1) as affected by ptannng geometry and 
seedlino number oer hill, Wet season 19SS 

Planting geometry One 
seediing/hill 

Two mean 
Seedlings/hil! 

15 X 15 cm skip {1 row after every 3 rows) 

2C'x 15 cm r.omnai 

2C X 15 cm. sl^ip (1 row after every S rows) 

15 X 15 cui s.kjp (1 row after every 4 rows 

20 .V 15 cm skip (1 row after every 4 rows) 

Mean 

4.35 

•1 -X! 

4.51 4.43 

A 7 C 
- 7 , 1 >-» 

4.48 

4.57 

4.63 

4.54 

; 0 19 
; t.'S 
: f.'S 

4.50 

4.63 

4.81 

4.61 

-

4.54 

4.S0 

4.72 

0.05 for planting geometry'{s) 
for seedling number(M) 
for S at the same level of M 
for M at the same level of 
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Hice is the staple food for about 6b% population in India, it occupies aoout 42 miiiicn 
hectares accounting to 34% of the area under feed crcDs and 42% area under cereals. The rice 
'Production has increased from 30 miiiion tonnes in 1955 to a surplus !sve! cf 82 .Tiillion tonn^^ i.'* 
iwrH-so. I ne iiTSi green revoiuiion acriieveu durino roiu DGS v/as due to tl'ie larcs scale adoDtion 
of semi-dwart hign yielding yarieties coupieo with .-mproYed management practices. This has 
enaoled us not cniy to do away v/ith imports but to accum.uiate nee in buffer stocks in excess 
nt jonTiTJoc; hi£ii\>j£ian i G^A :^rtri 1GG4 3 r o a rinriar h'r'*'^ \fi^ln'tnn s /anor iac Hoc )nn''a^cari f m r n 0 ^i 

to t>+.o7o afiu nee area increascu trorn oo.4( to —c^4 n"iiiiion hectares, inuian rice exDons 
steadily increased from 400.000 tonnes in mia SOs to 5.5 million tonnes m l£S5-96 placing Inoia 
in seconq position. 

The growth rate of yield declined from 6.5% during 19S5-75 to 2.57% dunng 1985-95 ,n 
northern .state-s ano it wa.s more or le.s.s .•Btagnant .at .irounct 2.6"-? in south. At the pre.seni 

to sustain \he present level of self sufficie.ncy. it is targeted xo proaucs aDoui 55 to 95 miiiion 
tonnes by 2000 AD to cope UD with the growing population. The tasK is quite challenging and the 
options avaiianle are very limited in view nf piateauina rrenri of yield espeoially in hinn 

possible genetic acproaches to a acnieve this target, hyorid nee tecnnoiogy is the m.ost feasicie 
and reaaily adaciable technology, this has been aemonsiratea m the Peoples Republic of 
China, during the la?t two decides Presently .5.5% of the 32 mniion heGtares of rice area m 
v^i iMio lo Uii>>4Wi iivwilivi l i v e ctV'vOi.Ji IVII iM i>.̂ r i t i O i ^ i i i o i i 0 0 / 9 wi V11 c; w m i I iw(^ ^1 v./v..iuviiv^i I. I I l ls 

ischnoiogy is excected to bring about the second green revoiuiion in India. 

Auout 4c"3 oi the country s total area is jnoer irngateu ecosystem wriicn contributes 
55'̂ 'o oi the total nee proauction. l! 60-70';o or the irrigated area is brought under hyona 
cultivation, it \vouid contnbute about 10-12 million tonnes of adaiticnal nee. The shallow low 
ianos c^cu'"*^' ^ .miilio.n .hectares which ccntnbu*e aoout 1^.7 m.'liicn t'̂ .n.nes •'̂ f̂ ri'^*^. It woul'^ be 
possible to expand the hybrid rice cuitivation to shaliow iowlands and boro areas of West 
bengal, Assam and Onssa to raise the production further. 

Thougn. the eifons tor development ana use of hybrid nee technology in India were 
initiated in 70s. these were mostly of academic nature, rather than goal oriented. Prompted with 
the -suGces-? in the development and cultivation of hybrid rice in China, ICAR started cnnductinn 
i c o c c a i v i t o n u i u l i n o o i i i v c lc.i_'«_ av v> i u i l . V.^»aiicivr\, i i - \ ~ i l , I «*C:VT u / d l i i . i l i v e t i c o c c i i v n o i o L l O l i o en 

Kapurihaia and Mandya. After getting convinced from this preliminary research regarding the 
potential and feasibility of hybrid rice technology ICAR identified this'as a top priority area and 
initiated a time bound, goal oriented network programme on hybrid rice .?ince 1-989 in 
collaboration with the !RR!, Philippines. This project was further strengthened with the 
assistance from UNDP/FAO since 1551. f̂ Jow this project is being operated as a national 
research network with twelve centres across the country with the DRR, Hyderabad as the 
coordinating center. This network has two lead centers, Kapurihaia in Punjab and Mandya m 
Karnatnka; th.-Gs strategic centers, primarily for conducting basic researchare located at DRR, 
Hyderabad; CRRi, Cuttack and lARi, New Delhi. The seven associate centers for conducting 
region specific adoptive research are located at Coimbatore (Tamil Nadu), Maruteru (Andhra 
Prade.sh), Chinsurah (VVe?t Bengal) and Karjat (Maharashtra). Besides the public sectors like 
State seed corporations, National seed corporation and other private seed agencies like, pro-
agro, Mahyco, ITC-Zeneca, Nuzibudu and many others are actively engaged in conducting 

file:///vouid
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^ research and Hybrid rice seed production activities. Recently, Mariyco researcti foundation aiso 
supports financially to this network throuph ICAR. Initially hiqh productive areas like Puniab, 
Haryana, Western UP and Irrigated area? ot Andhra Pradesh, Karnataka and Tamil Nadu were 
identified foi deployment ot hybrid rice technology and later to other nee growing areas. 

The procedure for developing F, hybrids in self pollinated crop plants like rice is different 
fiom ottiei ciup plants. Fuilher hybiid vaiieties aie different from the coiwenlionally breed 
varieties. The conventionally breed varieties accunnulates productivity genes that perform well 
under homozygous condition, while hybrid varieties assemble genes that perform well under 
heterozygous condition (F,). Because of this, farmers have to procure hybrid seeds each time 
fresh. 

The technique of hybrid rice development involves the use of three parental lines, viz. 
the cms A iine, the mainiainer B line and ine restorer R line. Trie imroauced cms iines (VVA 
source) from China were found to be unsuitable and as such could not i>e used directly in our 
breeding proaramme. Hence the male st^nlltv wa? transferred from the Chinese cms lines to 
* l ^ « , . . ^ | l ^ ^ ^ r ^ * ^ ^ U , - « « - J U . - , ^ « . - J r ^ r ^ n \ * , , ^ ^ ^ ^ f 4V-, . , . « . ^ , . « • , - , , K l . , . . , ^ » . , > ~ « » , ^ r ^ * « r « .^ I i . ^ .^ rt ^ ^ ^ 

titer vvz:h a u o p i c u , Uiuau u a a c u y c i i w i y p c o w( t i t t o ^ u i i K y . ivc/ifv, a i i u i . i u c i «̂ ( u t i i o ifMC^o a i t r 

avaiiabie no: oniy on WA back ground but aiso on oiher diverse male sienie cytoplasm in tne 
country. In this three lime breeding method development of hvcnd needs tv/o steos-
multiplication of cms lines (A^B) and production of hybrid? (A/R). For this, tiie cms lines (A.) are 
rsi«^+.^^ ^i^^.-. . . .uk *u^ *^^,r^*^:^^^^ fCt\ 4^ n ' - ' ^ 'J - ' "^ ^^^^ i;.,^^^ '^r.H ^"^t^Nr.^..- . ' p \ *^ w « , . ^ i ^ . - . Ui.t^r..-j uiainz^u aiun<j tmnn i n c iiiailiictiti^io \LJ) t*^ p t u u u ^ e OIIJC» MMOO o i i u icalvj jcriC' \rt} t u u ^ v o u p iiyuti-^ 

varieties in suiiable row ratios. The seeds coiiected from A iines of A'B piois form the cms 
seeds, par! of which can be used again for A line multiplication and tne other part for hvbrid 
{A'P.) seed production. The seed borne on A line of .A'R plots is the P. hybrid seed which i? 
c>upp) iou lO iJic l a i t uc - i o a o C u m m c r u l c a j nyuiiG o u c u . i / f c C|uani i iy VJ C>C:CU o c i U C P C M U O VJIJ i t J " 

extent of natural outcrossing. Because of tne self pollinated nature of nee, naiurai ouicrossina is 
ven,' low. However, by adopting suitable seed production techniques, the out crossing rate can 
be increased Synchronisation of fiowenno of the two parental line? (A-''3 or .A./R) i? the cruci?.! 
lox^LUt i v i a^nx^v ni\4 n i u i i c i oc:c^u y i o u o . i->cue;iJuliiM ^'^ ittz: \ji*^viin sjuicai iui i u i i i i ^ p c i i d i t o i n i i c o . 

tne seeding dates are adjusted to get proper synchronisation of flowering. Further any 
differences in flowering can be manioulated through sorayinp of certain cnemicals and cuiiural 
D.'actices. .'-or prolonoed availability o1 pollen, male oarent? 5^'^ seeced 2-3 times with an 
i i u ^ i v c i i \jt ^ \jaya U d v i f c c u .owvyiuuo. i'^ iUv.. icaoc i i i c s ^ u i u i u o o i i i y icatc. wei ic i i r i o u p u i c t n c i t ia iy 

Doiiination tecnniques during peak anthesis time are employed, isolation of A/'B and A/R seed 
Droduction oiots from other rice plots are most imoorrant to maintain tne Durity of the produced 
seed. Isolation distance of 10D .m a.rouno .A'B and 40 m around A/R seed production plots is 
I o ^ u t 1 tn 1̂ 1 l U ^ u . r t u u u i u u w> i c^ l i i a i c a i l u n ia t t : MCi ld i lD ID t n u o i il i i)_/uiic3iiv l u 11 tan iiciti i p u i i i y . 

done first afi&r which the feiTiaie A lines iiie haivesieu. Because ot tmi cost iniensive seed 
production practices the cost of hybrid seed is very nigh (Rs, 6C"'- to 1Q0.''- oer kg at present;. 
However, due to the high vigour and good tiiiermg m tne hybrids, planting of single seedimg/nill 
jc- r ca r ^^mrpcn^oH +horph\7 hinnn'jnn rioie.'n fh— ^aari ratci ^o "1 ̂  Ur t /ho .'̂ ..-lU/ 

A? a result of concerted, ooa! oriented time bound a.nd cooro"^?.ted efforts, four nee 
i t y u t t u ^ tnriKi y i c i u a u v a i d c i ^ c wt i t i v^ ic t t i a i i t t iMfv^i u t;:; o i a i i uca tu wt ic^ tv v a t i c i i ^ o w o e i & t c a o ^ u 

firsT in the covmry during 1994 by the state variety release com.mittees. Tnese are APHR 1 and 
APHR 2 for the Telengana and Royalseema regions of Andhra Pradesh WGR 1 for .Tamil Nadu 
and KRH 1 for Karnataka state. Later on, two more Hybrids CNHH 3 ft-' boro season in IWest 
^ s n ' ^ e ' -4.,,.,«« 4 nr\c - , « ^ r ^ p p u j -* * « ^ A ̂ -ju^,> r>, -«^««u ^ , . ^ , « « -i nnc- . , ,«.--. ^^i^^^^^ i^^ «, , i * . . . ^ * . ^ , . , u c i i u a t u u t t i t u loo^ o i i u i ^ n n i i t lu t / m t U t i i a r ^ i o u u o t i uuitt iC^ t o o ^ vvwifc i -s i^aoovj l u i <b>utiivciiiwi t. 

Besides ihese public sector bred hybrids a iev.' hybrids oeveiopee by pn.'ais seed agencies iike 
Pro Agro Hvbnd Rice International. Mahyco, SPIC-PHI Biogene HmauEt",an Lever Ltd., Vikkis 
.Aoro Tech. .Nazibudu, JK .Anro Tech. fTC Zeneca .Amaresvi'ar! €-tc ?.*•?: sopiila'' Howeve". the 
i t yu i i x j o U c v c i w p c u o u tat a t e r i i bo i i L IKJI t t i t y a i w u l a i i u o , t_ut iy uu iaL tw t i i ty ĵt luo auiLat j tc: lu t l o i u i ^ v j 

shallow lowland situations are being developed and v;ould be available snorily. Besides ihese, 
hybrids with aroma fscent) would be made available in a short time during 1996, about 60,COO 
hectares wa? covered under rice hybrids. It is targeted to cover about two million hectares 
under hybrid nee by 2000 AD. HGv,'eve,', most of the hybrids are found to be location specific. 
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Hence, hybrids are to be tested extensively through on-farm test centers to evaluate its 
suitability in various locations. 

Since, the hybrid varieties are the = plants, the seeds borne on these F, plants are F. 
seeds whicn segregate for grain and cooking quality features. Hence, many a times, the cooKed' 
nr^a r\f •trvea )ry\t'i^rtr\c^ »/ortcaticio o r o n o * r^r^r^r~i r-J/^stt^^x/ar *h ic r*nr> t-̂ ca f3\tr\ir4ciri Kw ^ o rait lUif ^ I n / ^ o c i n n 

the paieniai lines (A and R lines; whic-i have identical cooked kernel chaiacteiistics for 
developing rice hybnds. Further, it is seen mat most of the released hybnds are susceptible to 
vanous insect pests and diseases. Similarly, resistance can be incorporated into hybrids using 
c t ' i t o K I a n o r o o t ^ PlMr?f>n fl-iQ a o r i i / n h o o o ^* hatamr^!^ K r a o H t r i n f H o QrT>n»^ o c io \Mrac rnocj + lw OH 

yield heteiosiS. Now during the second p/iase due emphasis is being given for developing 
hybnds with better cooking and eating aualitv and farming resistance to major pests and 
diseases. 

As the 3 line system of develoomc hvbrid rice vaneties is highly cost intensive and 
CLTHberscme. scientists are now enngn^d in 2 line system throur^h t.he use of ar^proonate nnaie 
^-™>..v4 — ;^^ ^«p^+; i : — *;^^ ^f ^u^* — ^ — .+;w^ .-,^^^y,^ —.«*« .^*«^.;« lan^y ^c:\ ^^A t i — r « - ^ « ^ « « ^ . * ; . ...̂  
^ a i k i d w u i u o . iu;^) i in iuaLiwi I u) p i i w i u o o i lo i i i v c: u ^ u d t ^ ^ 11 tcilc:? o i c n i c \ i \^iv\\-)i c i i iu i i ic;i u i i iwoci louiv t ; 

genetic maie sienie (TGM5) lines, in this system no restorer lines are needed and any parent 
can be usea as the maie parent. The hyenas are deveiopea bv growing the maie sterile line 
i.Femaies) a!onn with the pollen parents adoptinn suitable row ratios in specific environments 

n^aintain \r\e complete maie steniity for atieasr 30 days, rviaie stehie seeds are produced in 
other environments where they are normally male fertile. This two line system is relatively 
essier to handle and the seed cost would be comnargtivelv low Efforts are also under wav to 
U C V O U p VJI ( C I I I I C O y O l C 7 l l l Wl C A ^ I W l l t l l ^ ^ I I C I C I U O I O I I I I U U V ^ U U p ^ l M I A i a III VVI1I^>II ^ C a O O I C l I l l l d O I I C C U 

net procure fresn hybnd seeds year after year as the heterosis is fixed in the hybrid variery. This 
can be achieved through the transfer of cciiaate opomictic gene from wild grasses into rice 
through ge.neTic engineennn. However, it is still in the infant stage. Once it is achieved, the 
f i y u i i u {iv,fC nv^u iu u o pvypuiat , a f i u c u w i ivjt I iiv^^uy v i a u i c 

Tho ro/̂ Qn+ riowgj/̂ r̂ rponfo jrj ri'̂ Q ̂ ictschnoicd" vIz. anther cultUTe prctc^last culture 
lubiuh and regeneration, DNA tiansforrnatiori. molecular tagging etc. have opened new avenues 
in hybrid rice breeding. The success in p.'otoplast culture has made it possible to produce 
cyonds which enable immediate transfer of c;/toplasmic male sterility into elite breeding lines of 
r t " o i h i i o o*lr^»r^l'n/^ ^ i irr*l-s<are/-irr>o n r o ' ^ o o o r>i ho,-«l^,^r*^eofnr» rsro+^F->iqcf ^a/^'^ryr\\r\rr\j rr\'z\l q|o/-i K a 
I fWVtf . MIV.«V> k.* * ..rf (%dl I 1X4 S^«^ I 1 IkrfX^i >^ h^ t I IX^ »./I W \^ X« h> «^ s.> I h^k4,.^l VV^I N^^.a'>1 I M »> I «> » V^ »^ • 1 ^ .^ ^ K k̂  %̂  I I • I V^ I V> ̂  / l i l b l * , 3 1 ..# \.^ ^ u 

used to produce ailplasmic lines of rice liaving cytoplasm tioni vanous wild species and ielated 
genera. These lines will result in the cytoolasmic diversification of male steniity sources. 
Molecular markers can help to tag genes associated with wide compatibility. TGMS. fertility 
roctO' '^^i '>n or*'^ or»r*nr*ivic --D 

file:///Mrac




RICE TECHNOLOGIES FOR RAINFED ECOSYSTEMS-PROBLEMS 
AND PROSPECTS 

J.N. Reddy 
Scientist 

Division of Plant Breeding and Genetics 
CRRI, Ciittack 

Rice is the most important food-crop of India, occupying 43.3 m ha with a total 
production of 81.3 mt (1996-97) (Table-1). This production level is required to be raised 
to 95 m t by 2000 AD to meet the demand of about 1000 miUion population. Since the 
scope of increasing rice area is limited, it is necessary to increase the productivity of the 
land for v/hich increasing the yield ceiling of the varieties as well as improving 
management practices are required. 

With the introduction of high yielding \'arieties in 1965-66, mainly suitable for 
irrigated lands, most of the yield increase have come from irrigated lands. However, 
from the recent trend of production in the country, it is seen that there is a plateauing of 
yield levels in irrigated areas. Hence, it is expected that the required higher production 
in rice, atleast in the current decade, will come from rainfed rice areas which has the 
potentiality to produce more. 

In India, rainfed rice occupies about 58% of the total rice area of which flood-
prone lowland occupies 70% and the rest 30% by drought-prone upland. The major 
ecosystem wise area, productivity and number of high yielding varieties released are 
given in Table 2. It can be seen from the table that barring the irrigated and favourable 
(shallow) lowlands, the productivity is low compared to national average in other 
ecosystems, hence concerted efforts are need to improve productivity of these 
handicapped ecosystem. 

Production constraints in rainfed uplands 

Out of total area of 7 m ha (Table 2) under rainfed uplands in the country 5.2 m 
ha (70.4%) are present in eastern India with a productivity of only 0.8 t/ha. The major 
constraints are: 

l.Socio-econimic constraints 

i. Small and scattered holdings 

ii.. Unawareness to modern techniques 

iii. Poor mechanisation 

iv. Poverty 



2.Production constraints 
i. Low plant population due to broadcast method of sowing 

ii. Erratic rainfall and soil moisture stress causes drought during seeding, vegetative 
and flowering stages 

iii. Soil erosion leads to losses of soil, nutrients and moisture 

iv. Poor soil fertility leads to poor crop stand, high tiller mortality, low panicle density 
and grain number per panicle 

V. Soil problems like 'V deficiency, 'Al' toxicity and 'Mn' toxicity in acid soils and 'Fe' 
deficiency in alkalic and calcareous soils 

vi. Inadequate use of fertilizers and herbicides 
vii. Severe weed infestation 

viii,Incidence of pests and diseases- {jiests: gundhibug, termites, mealy bugs, stem borer 
etc. and diseases: blast, brown spot, sheath blight etc.) 

ix. Continues use of traditional varieties 

X. Lack of seed mormancy 

xi. Difficulties at the time of harvesting, threshing and drying in the event of rains in 
September and October 

xii. Narrow genetic base of modern high yielding short statured varieties. 

Prospects of improving production 

1. Noti-monetanf inputs 

i. Summer ploughing 

ii. Line seeding (seed-drills/behind the plough) 

iii. Timely seeding (by 1st week of June with pre-monsoon shower) 

i\-. Proper plant type (semi-tall/semi-dwarf depending upon soil types) 

2. Improved management practices 

i. Proper seed rate (lOOkg/ha for proper plat population in the field) 

ii. Proper HYVs of rice (drought tolerant/drought avoidant types) 

iii. Timely weeding (may be pre-emergence weedicides) 

iv. Timely application of fertilizers 

v. Disease/pest management 

3. Improving cropping intensity 

i. Feasibility oi relay/sequence cropping depending on availability of residual 
moisture (in red soil, sequence cropping with linseed and lentil appears to be 
useful). 

ii. Intercropping with grain legume or pigeonpea found profitable. 



Production constraints in rainfed lowlands 
i. Poor cop establishment due to early drought arid/or early submergence 

ii. Deep submergence/water logging at the early stages of crop growth suppresses 
tillering and increases plant mortality 

iii. In direct seeded crops weeds and some times wild rices became one of the major 
constraints for higher production 

iv. Inadequate and imbalanced use of fertilizers and other agronomic inputs 

V. Water logging and poor drainage leads to accumulation of toxic substance (iron 
toxicity, sulphide injury etc.) 

vi. Coastal salinity in Orissa and West Bengal due to high water table containing saline 
water. 

vii. Incidence of pests and diseases- {pests: stem borer, gail midge, cutworm, GLH, 
leaffolder etc. and diseases: bacterial blight^ sheath blight sheath rot, tungro, false 
smut etc.). 

viii.Low light intensity at ilowering 

ix. Delay in monsoon often leads to delayed planting 

X. Continues use of traditional low input responsive and low yielding varieties 

xi. Premature lodging of tall varieties 

xii. Non-availability of better genot3'pes with flood/submergence tolerance at early and 
late vegetative stages. 

Production constraints in deepwater rices 

i. Inadequate plant population due to seedling mortality 

ii. Continues water logging leads to suppressed tillering and plant mortality 

iii. Incidence of pests and diseases (stem borer, ufra, bacterial blight etc.) 

iv. Damage due to crabs during flooding period and rats at different growth stages 

V. Lack of suitable high yielding varieties with submergence tolerance and elongation 
abilit\r 

vi. Traditional monocropping of rice with long fallow period 

Steps for,improving production 

i. Summer ploughing 

ii. Line seeding (wherever possible) 

iii. Timely seeding (last week of May) 

iv. Basal application of fertilizers (NPK) 

V. Use of proper HYVs of rice 



For transplanting situations 
i. Raising super seedlings 
ii. Timely planting 

iii. Use of proper HYVs (photosensitivity/thermo-insensitivity) 
iv. Integrated nutrient management (INM) 

V. Water management (drainage) 
vi. Timely har\^esting/post harvest management 

Future strategies to improve rice production in rainfed ecologies 

i. Consolidation of holdings 

ii. Water har\-esting and moisture conser^-ation in uplands 

iii. Development of drainage system in lowlands 

iv. Reclamation of coastal saline/acid soils 

V. Cost effective and environment friendh' production strategies 

- integrated pest management 

- integrated nutrient management 

- integrated weed management 

vi. Enhancement of production and productivitv of rainfed ecologies bv developing 
better adopted HYVs (Table 4 and 5) 

vii. Strengthening of seed multiplication, distribution and storage facilities 

viii.On-farm and adoptive research for identification of location specific cor^straints and 
developing appropriate technologies 

ix. Strong researcher, extension worker and farmer linkage 

X. Raising genetic yield ceiling 

- exploitation of hybrid vigour 

- new plant type 

xi. Exploitation of productive but under utilised environments 

- Boro rices 

- Late planting of Aman/Sali 

oo ao op 
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l ah le i^Aiea, r ioduct ion and Yield of Rice 

Yrnr 

1950-^51 
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1960-61 

1965-66 
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I'^'i ,'!-(• 7 
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r .M i ! )n i 
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0.8 
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0 9 
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42,2 

48,7 

53.6 

63.8 

74.3 
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80.3 
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77.0 

81.3 
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> 
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- 2 . 4 

-0.6 
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-

At^iiciiltiKc, Cr()vcmni':iit of India 



11 

Table 2. Ecosystem wise area, productivity and no. of HYVs released 
sofar in India. 

Si'.N'o j Bcosysleni To ta l r cea iea i Pioductivity clean i iNo. of H W s 
(m.na) j nee (uha) i released 

All India CRR! 
CL'ttack 

1 ' irriqated land 2.50 i 272 

^ I r ^ a i i i i c C Up iauG 

Kainred lowlanas 

J ^ iiHaiiow 

j cm water oepth) \ 

•1 o n I 
1 U U I 11 

4 : intermedists (3C-50 
: CTn waier deDtii) 

Semi-aeeD (50-100 1.00 15 

6 ; Ueep (> ', JO cm 
I aepth) 

0.6U 

I 
rotal (All India) 
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Table 3. Ecosystem-wise representative varieties and scope for improvement 
Ecosrjstem I Recresentative HYV Yiefd rnnoe t/ha Deficrencv 

Rainfsd 'Jciand Heera 
Kaiinga lii 
.•̂ .nnaaa 

2-4 Drcugr.t tcleranc 
Weed 
CorrtD-uveness 
Sener paniceis 

r)n or/na/icv 
Irrigated 
lands 

meamm Rarna 
!R 3c 

" i - O Bertsr panicles 
Better HI 

iiir,' 

-lainTea sav/iancs 

?naiio"-v bdv~n :"'-fi j^.rn^Ti^pf^^ 

I nermo insensinvir/ 
Adactabiifty across 
states 

criarioeu 
anvironment 

• Pest/aisease 
•» D'jraDcn 

ii Intermeoiate luiasi 
Panidhan 

^ - 0 in sna,.ow 
svstsm 

• m. iemi-aeeo i>aDixa I.D-'l SuDmeroence 

t^ior-=nr~o 
vieidinq potential 

IV. ueep water Jaiamagric 
Jaianidhi 

1-J Ncn-elcngaGng 
Non-elonaatina 
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Table 4. List of most promising high yielding varieties of rice for different 
situations. 

Variety Total duration 
tdays) 

Average yield 

(t/haf 

Remarks 

I. For drouqht-prone/oost-flood rainted areas 

; 2. I Ka)yani-
! I Sneha 

65 
SO 

2.0 
30 

;• • ^ . Neeia yu 4.V 

1. Heera 
rice) 

(Super fast 68 3.0 Semi-dwarf vwth 
resistance BL. GM, 
RTY and v.-ith seed j 
dormancv j 

i SenDidwarf 
I Semi-dworf, 

i 4. '' Turanla D.haM \ 

1 
i II. Varieties for rainied uolands: 
• 1 1 l < a ) i p n 3 111 i 
, . . , ,^—111 . j , _ J . . 1 
1 ! 1 
1 1 1 

75 

65 

1 2.5 

i 3 0 

' S e m i - , ^ „ ^ ^ f 

! 

{ Ssmi-ta!!, L.S. era", 
i cold tolerant 

ijemi-dwan wrsi 
resistance to GW 
BL. eariy seedling 

i 3 
! 
• 4. 

1 

i 5. 
1 

6 
-r 

; S. 
i 

' ' • ' ' , 

, '. 

' 2. 
1 

3. 
i 
1 
1 
1 

f 4 
1 •• 
1 

[ VanapraDHS ; 
> I 

i Pathara f 
i i 
i ! 

j Vanaana j 
! i 

' Tare. ' 
0 . . i~ i~ - - — 

1 Paniai 1 
f 1 

1 Sai<;et-i- .; 
I 

' Rarna i 
! 1 

j Sarasa 1 

1 ! 
i ! 
1 La fat j 

1 1 

90 

90 

TOO 

100 
-1 r i A 

110 

115 

120 

125 
1 

1.D 

3.0 

4.0 

•20 
0 ;z 

4 0 

4.0 

4.5 ,-, 

c /> 
U.v_' 

5.0 

; Semi- ia i i , RTv' 
• tolerant 
1 Senni-dv/ar \;-.y. 
; good seectr.g 

viuour 
! Semi-tai i , gooa for 
i lateritic soil' 
' Semi-dwarf 

Serri i-dwan 
' Semi-awar: 
' wider adac^biiiT. 

; L.S. grain, 55;.~v' 
• resistant 
i L.S. grain. Sa'R'T^/ 

reslsta.nt 
; L.S. grain, toi-rant 
; to RTv ana eariy 
1 submeroence 
1 Multiple tolerance to ^ 
1 DGSts and dissssss 

6 
7 

0. 

\ iR 35 

1 
1 Udava 
1 i v i o i . l l i 

j Hybrid 

j 125 

1 
1 135 
1 -1 o^ 
1 ( w ^ 

f " 
1 

IV. Varieties for rainfed shallow lov/iands: 
1. 

3. 

' 

Shyamala 
Padmini 

Moti 
Swarna 

140 
145 

145 
145 

1 ^.0 

i 
! 4,5 
i 5Q 

; 

3.5 
4.0 

4.5 
4.5 

1 Multiple tolerance ro 
j pests and diseases 
1 Tolerant to BPH 
1 0, . ; * - ,Kl .a .^ if D 

1 -

i Purple plant ! 
j SeiYii-tall, very line j 
1 gram | 
1 Semi-tall 1 
1 Semi-dwarf, y.".der | 
; adoptability 1 
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1 5 
1 ^ 
• 0 , 

1 7. 
) 8 
' 9 \~^— 

Sovnr: >C= ' 
' Gavatn iCrc 
j Jagannatn 

Psnksi 
Wahalax.T.i 

CC'D) 
W 3) i 

1 
i 
i 

1 i^n 

TD5 

150 
150 
150 

5 0 
5.0 
4.5 
4 5 
4 5 

; Scrr.rdv/Dri 
1 Serni-dwan 

-do-
-do-

; -Gc-

' 

10. iamaiei 

11 ' Pooja 

155 

150 

4.0 

5 . 0 

j Semi-tali, tssisiant 
\ to GM, BL, RTV, 

GLH 

1 v. Varieties for interi-nedJate lowlands (3G-5G cmsi; 

i 4. Limscee 145 4 0 

Semi dwarf, t o l e r a n t 
t o BLB, GL'h Late P lan t 

1 ^• 
i 
i 2. 

Utkai P, 
. 1030] 

Tuias! 
Kalssree 

s ci"a (OR j 
i 
) 
1 

i 
i 

1:>u 

1~0 
) WW 

4 0 

5.0 
-r. w 

Semi-rali 

1 -do-
Senm-taii v.••û , 
Diomented b?.s6 

' Semi-tall. suitable 
i for coastal sslins 

5. Raiashiee i 150 
' 6. - Raniit'Sanadur 1 155 
i 
' V!. Varieties fcrsem;-desc: situation {50-100 cr 

1 Suresh ;CN5"C) 1 100 
'• 2. Birai (CN 539) i 165 

; 

- c V 

• 

4.0 
4.0 

3.0 

i Suitable in Biiiar 
< Suitable in Assam 

• Serni-tal!. fine qrain 
1 PLS 

3. iaona 155_ 3.5 jemi-taii 
=/'rp 1 M^ 

c o n .^ i" ; c C"* ^r-) 

635 etc.) 
1 5. 
i 6, 

i 
; viii. 
' 1 

Jalaianari i 155 
•JalaDr.'va i 160 

Varieiies fcr ceeo svater areas (>100 cms) 
Jaiamacr;3 i Pure line seiecri 
.iHiapiChi ' -n'o-

TCA 177 ! -do-

' 

on ' 

' 

3.0 
3.0 

i -do- ' 
1 -CO-

1 

1 

i 

* Yield potential - generally 30-50% more than average yield 



Table 5. List of rainfed lowland rice cultivars with tolerance to major biotic and abiotic 
stresses 

Traits 

Submergence tolerance: 
a) Less elongating type 

b) Elongating type 

Dougtit at seedling 

Iron toxicity 

Coastal saline tolerance 

Late planting 

Stability and wider adaptability 

Good grain quality 

Bacterial leaf blight 

Rice tungro virus 

Sheath blight* 

Sheath rot* 

Stem borer* 

Green ieafhopper 

Boavn planthopper 

Gali midge 

: Shallow and intermediate 

i FR 13A, FR 43B, AC 1213, AC 
i 10556, IR 38784-15-19, IR 3864-
i 4-5, IR 58821-12-10, IR 57539-5-
i 27 

i Panidhan. Utkalprabha, 
I Madhukar, CR 626-26-14-1, CR 
I 625-18-1. Suresh 

i Vaidehi, Kotta bavahunda 

1 Mahsuri, Samalei, CR 672-3 

1 Dasal, Getu, Lonabokra, 
•; Damodar, Lunisree, CSR 6, CSR 
i 7-1, Nonasail, Sonamani, Pateni 

1 CR 1014, Tikkana, Gayatri, 
i Vaidehi, Manoharsali, Kotta 
\ bayahunda, Shakuntala, 
I Rajashree. Swarna, Pooja, CR 
i 673-475, CR 683-123 

i Rajashree. Mahsuri 

\ Samalei, Moti, Madhuri, Lunisree, 
i Suresh 

•; CR 1002, Mahsuri 

\ Moti, Radha, CR 673-475, 
•; Samalei 

i Salivahan, Manoharsali, Neeraja, 
1 T 141, CR 1014, Pankaj, 
i Samaiei. Mandira 

: Mahsuri, Vijaya, Mahsuri, ARC 
i 7117, Manoharsali, Biraj 

i Radha, Jogen, Mandira 

:' Moti, Radha, Jaqannath 

I CR 1002, Manasarovar, 
i Nagarjuna, Manoharsali, Pinakini, 
i Chaitanya 

i Moti, Samalei, Manoharsali, CR 
i 95-26-1 

i Semi-deep and deep 

1 -

; Dhusara, Khajara, Dinesh, 
1 Amulya, Matangini, Tilakkachari, 
1 Sabita 

1 Sudha. Janki, Jaladhi-2 

\ CR 617-16-10-2 

\ -

1 Matangini, Amulya, Sabita 

i Sabita 

1 Sabita, Sudha, Amulya 

\ Sabita 

i Matangini, Nalini 

i Nalini, Dinesh, Sabita, Matangini 

i -

i Amulya, Sabita, Sudha 

i CR 581-9, CR 580-17-1 

i -

1 CR 581-9, CR 580-17-1 

* Tolerant varieties 



IRRIGATION WATER MANAGEMENT PRACTICES IN RICE 

P.C Mohapatra, 
Senior Scientist 

Agriadtiiral Engineering Division 
CRRl Cuttack. 

Rice is known as a semi-aquatic plant. It has ability to adapt in many variable 
environs. It groves in submergible to semi-drought conditions. For production of 1 kg 
rice, 15,000 litres of water is used in India as against 6,000 litres in Japan. Studies 
indicate that with 3,000 to 4,000 litres of water, 1 kg of rice can be grown. Another study 
shows that contribution of good water management for higher production of rice is 
12%, whereas contribution of environment to this is 30%. Research is being conducted 
at se\'eral places for better water-management practices, mainly to reduce conveyance 
and application losses of irrigation water. 

In humid tropics conveyance losses range between 15 to 40% of the diverted flow 
from sources. Distribution losses range between 30 to 50% of the water turned to the 
irrigated area. Conveyance loss turns to be high when: 

1. Soil texture is relativelv coarse 
2. Water level in the channel is high 
3. Channel is relatively long 
4. The maintenance of channels is poor. 

The losses tend to be minimal ^vhen: 

1. Soils are heavy 
2. Ditches are free of weeds and silt, and 
3. The ditches have control and measurement devices. 

With careful management situation, these losses can be kept within 5 to 10%. 

Application losses include percolation and seepage losses. Percolation loss is a 
function of the soil and watertable conditions. This loss generally ranges from 1 to 5 
mm/dav. Seepage occurs through paddy bunds. In the middle of an irrigation system, 
loss from one field is the gain for the adjacent field. But at peripheries, particularly near 
drainage channels or rivers, it is a loss to the system. This factor coupled with loose soils 
may make seepage loss as high as 20 mm/day. If seepage and percolation losses exceed 
10 mm/day, the land is not suitable for rice cultivation especially during dry seasons. 

In addition to the losses, the water required to produce optimum yields must 
satisfv the evapo-transpiration needs of the crop. In most of the tropics, the evapo-
transpiration requirement during rainy seasons is approximately 3 to 5 mm/day. 
During dry seasons, for large irrigated areas 6 to 8 mm/day may be required. For small 
irrigated areas, this mav be higher because of advective energy brought to the area by 
winds blowing from non-irrigated areas. Various water use efficiencies have been 
defined to quantify losses. 



In India, the seasonal water requirement for rice cultivation ranges between 600 
and 1,800 nirn, with an average use of 1,200 mm for a 100-day crop. This includes water 
requirement for evapo-transpiration, percolation and seepage losses, land preparation 
(minimum 125-200 mm for puddling) etc. Most of the irrigation systems are designed 
for a continuous flow rate of 1.5 litres/second per hectare. On a continuous basis, it is 
equal to 13 mm/day. During land preparation stage for rice, generally 50 % more water 
is delivered from canals. The average duration for land preparation is 21 to 35 days. 

Rice plant is very sensitive to shortage of water at certain phases of growth, the 
most chtka] being germination and flowering stages. The primary objective of any 
irrigation system is to deliver the required quantity of water when needed. 

Water management practices for rice 

Rice-v\'ater management practices include: 

1. Continuous flooding (static) 
2. Continuous flooding (flowing) 
3. Intermittent irrigation 
4. Rainfed water management. 

Continuous flooding (static) 

It involves shallow, naedium and deep flooding. The water supply must be 
adequate and water depth is adjusted to the required level on a daily basis. 

Continuous flooding (flowing) 

It involves shallow, medium and deep flooding depending on the regulated 
height of the paddy spillways. 

Intermittent irrigation 

Water is applied rapidly in short intervals, and in sufficient quantity to serve the 
crop needs until the next irrigation, generally after 4 to 7 days. This method saves a lot 
oi irrigation water without sacrificing the crop yield. A study at CRRl indicated that 
irrigating the field after 6 days of disappearance of ponded water (5 ± 3 cm) does not 
reduce the yield appreciably when water saving was in the order of 40 %. When weed 
problem is limited, one can keep the field in saturated condition throughout, except in 
primordial initiation stage to full flowering stage, when standing water is essential. The 
sequence of irrigation that can be followed, is: 

1. During and after transplanting: Field should be puddled by puddler or disc harrow 
to seal the pores. Water must be maintained at a depth of 2 to 3 cm during and for a 
week after transplanting, for establishment of roots and for stimulating rapid 
growth of new roots. 

2. After 30 days, for a week, the field should be drained for top dressing of fertiliser 
and removal of weeds. 



3. Panicle-primordia development stage: Before beginning of panicie-primordial 
development stage, field must be flooded to a depth of 5 to 7 cm as water shortage 
during this and the later stage causes sterility in the crop. 

4. After full flowering: The field must be drained gradually again, 15 to 20 days after 
full flowering stage. This helps in minimising grain shattering loss and better milling 
qualities. 

Rainf ed water management 

Rainfed water management depends on the control of paddy spillways. Water 
from a catcliment area or small watershed can be stored on the paddy surface and 
channelled down the slope tlirough spillway and bund management. 

Water can be retained on the entire area of the paddies, according to the need of 
the farmer and mutual understanding between adjacent farmers on the slope. 
Subsurface seepage becomes an important water source, increasing with distance down 
the slope from the watershed divide. 

Disease, pest and weed control 

Standing water minimises weed growth but er\hances fertiliser leaching loss. 
"Water management practices may not significantly affect the tvpe or extent of insects 
and diseases in rice fields except a few, like case worm, whose movement is made easier 
b)' floating cases in standing water. But control practices that require absorption of 
chemicals into the plant are usuall}' helped by flooding. Distribution and stability of 
granular pesticides are improved at moderate water depths. 

Balanced use of groundwater 

Excessive use of groundwater where recharge of aquifer is in-adequate, causes 
lowering of groundwater-table. This has forced farmers in some parts of India to go for 
deeper submergible pumps or deeper under-ground pump chambers. In some places, 
sea water intrusion has taken place to main land aquifers, making fertile lands 
unsuitable to crop growth due to salinity build-up. Yet in other parts of India, like 
Orissa, only 0.71 to 33.26 % (state average : 9%) of replenishable groundwater is utilised, 
showing an abundant scope for development of groundwater irrigation systems. 

A study of satellite images in CRRI environs shows that, in dry seasons, a 
maximum of 24 % of the area can be put under rice cultivation to avoid any depletion of 
groundwater storage; if the crop is to be irrigated by groundwater depending on its 
aquifer recharge. 
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BIO-FERTILIZERS IN RICE CULTIVATION-PROBLEMS AND 
PERSPECTIVES 

D.P. Singh 
Senior Scientist 

Division of Soil Science and Microbiology 
CRRI, Cuttack 

The crop plants like cereals utilise solar radiation for photosynthesis but are 
unable to fix atmospheric nitrogen. However, there are certain micro-organisams like 
blue-gxeen algae (BGA) found in free-living state and also in symbiotic association with 
certain plants like Azolla in tropical paddy fields, which have the capacity to harvest 
both solar energy and atmospheric nitrogen. These, therefore, are considered to be 
important in maintaining soil fertility. Besides nitrogen, the tropical soils are poor in 
organic matter and, therefore, continues addition of organic matter is required to 
maintain the soil fertility, \vhich could be possible through utilisation of these 
organisms and various types of wastes or v r̂aste products, as being judiciously followed 
in some of the countries of south-east Asia. 

BGA and Azolla (in algal association) constitute Ni-fixing photosynthetic 
biofertilisers for rice and these are being exploited to overcome the problems mentioned 
above to some extent. A brief description about their cultivation, maintenance and 
utilisation is given below: 

Azoalla 

Azolla is an aquatic fern commonly found floating in ponds, lakes, tanks, shallow 
ditches and charmels. It is also observed in rice fields at several locations in the countrv. 
Nitrogen-fixing blue-green algae, Anabneha Azollae, always found in the cavities of 
dorsal leaves of the fern fixes atmospheric nitrogen efficiently and supplies it to Azolla 
plants. Thus, this fernalga system is unique since both photosvnthesis and nitrogen 
fixation occur in the leaves and, therefore, the fern is an attractive resources for 
photosynthetic production of nitrogen fertilizer. This fern has been domesticated in 
Vietnam, where it is grown in more than 800,000 hectares of fallo\v rice fields providing 
about 50 per cent N to produce 5 t/ha of paddy, and China where it is cultivated in 
about 1,30,000 hectares of rice. It is also incorporated in rice culture in parts of Thailand 
and Indonesia. The extensi\'e researches carried out during the last twenty three years 
at the Central Rice Research Institute on multiplication and utilization of several Azolla 
varieties collected from India and abroad are very encouraging. 

Azolla can be conveniently grown round the year under Cuttack conditions and 
an annual production oi about 347 t/ha (fresh matter) in field and 321 t/ha in concrete 
tanks has been obtained. In terms oi nitrogen, about 686 kg N/ha was harvested 
annually. The occurrence oi standing water and application of phosphorus are 
considered as the essential requirements for rapid multiplication oi Azolla. Presently 
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superphosphate and furadan and in a week the produce is about 160 kg. By extending 
its cultivation gradually for two more weeks as stated earlier it is possible to obtain 1000 
kg of Azolla sufficient to inoculate 1-2 ha of paddy fields. If a' plot of 100 m^ is kept for 
cultivation of Azolla, it is possible to harvest 100 kg Azolla ever}' week, which can be 
spread in paddy fields for further multiplication and fertilisation. 

Method of utilisation 

As green mmiiiring: Grow Azolla before planting in well ploughed, leveled and bunded 
fields, for which inoculate bout 1-2 t fresh Azolla /ha along with superphosphate (10 kg 
P205/ha). After formation of a layer in 15-20 days, drain the field, if possible, and turn 
Azolla after incorporation will plough. Transplant rice seedlings after a week. A 
second layer of Azolla after incorporation will provide more nitrogen. One layer of 
Azolla provides 10-20 tonnes of green matter/ha, which is equivalent to 20-40 kg N. 
The increase in grain \'ield ranging from 1.0-2.0 t/ha ox ex control is obtained. This 
method is suitable for both short and long duration rice varieties. 

As dual cropping with rice: If water is not available before planting, inoculate Azolla 
on standing water at the rate of 0.5-1.0 t/ha after a week of planting. Recommended 
dose of superphosphate for rice may be applied in split doses, that is two-third basal 
and one-third during Azolla cultivation. Division of bigger field into smaller plots is 
required for rapid growth. The use of plant leaves, grasses or straw near the outlet 
avoids flowing of Azolla from field to field. After mat formation drain the field if 
possible and incorporate Azolla into the soil using paddy weeder or leave as such, 
where it will docompose in due course and increase the grain yield. It is advisable to 
use basal dose of N fertilize along with dual copping. Azolla also checks the weed 
growth. The use of Azolla once as green manuring and once as dual cropping or twice 
as dual cropping, increased the grain yield equivalent to 60 kg N/ha. This method is 
suitable for the rice varieties of 100 or more than 100 days duration. It is suggested to 
avoid use of pre-emergence herbicides such as machete and benthiocarb when Azolla 
is inoculated in rice fields. If the herbicides have been applied, Azolla is to be 
inoculated after 2-3 weeks. Application of field dose of 2,4 D has no adverse effect on 
Azolla growth. 

Use of Azolla with chemical N fertilizer 

Azolla can be safely used along with N fertilizer upto 30-40 kg N/ha. At their 
higher doses, its growth and N2 -fixation are decreased significantly. Use of slow-
release fertilizers like urea supergranule (USG) and sub-surface placement of N 
fertilizer are recommended for better Azolla growth and higher N use efficiency. 
Combined use of Azolla with N fertilizer upto 150 kg K/ha increased grain yield of 
rice. 

Blue-green algae 

Blue-green algae are widely distributed in India in moist to water logged paddy 
fields. In general, they are found abundantly when conditions for their growth are 
favourable for a particular period or during the entire cropping season. It was revealed 



After formation of a layer in 1-3 weeks, harvest two-third of Azolla with the help 
of a bamboo stick and leave the remaining one-third for further multiplication. More 
root growth is underoirahle since it affects production adversely and also reduces the 
total N content of Azolla biomass. The sick (poorly-growing unhealthy) Azolla has to 
be replaced with the healthy-growing plants from the other fields. 

Snails also damage Azolla and, therefore these are to be removed either 
manually or controlled by application of pesticides. Abundance of algal growth is 
undersirable in production units and these are to be removed manually or by during 
the fields or by application of copper sulphate at the rate of 10 kg/ha. 

Harvested Azolla should be re-inoculated in other fields otherwise it will 
decompose and turn into cipost (3-5 per cent N) which can also be use for vegetable and 
fruit crops. 

• Under Cuttack conditions, Azolla multiplies throughout the }'ear at the rate of 2-
4 times/week. It multiplication is affected adversely when day-night water 
temperature exceeds 40-32°C. Azolla varieties tolerant to liigh and low temperatures 
are available. 

Although Azolla grows well in slightly acidic (pH 6) to alkaline (pH 8) soils 
optimum growth is attained at near neutral pH and pH lower than 5 or higher than 8 
does not support its growth. 

It can also be multiplied in concrete tanks, trays and earthen pots on flooded soil 
under field and in nethouse conditions, during off-season, it can be maintained in the 
containers mentioned above, besides shade may be pro\ided in field during hot 
summer. 

The sporocarp-bearing plants (produced during November to March) are 
har\'ested composted, dried and stored for further use. This produces new Azolla 
plants in 7-20 days after inoculation in flooded soil in pots/trays with frequency of 20-
60 per cent megasporcarps are not damaged during decomposition of vegetative plants. 
The technolog}' for using them for field inoculation is being de\'eloped at CRRI. 

Large-scale multiplication 

The time of large-scale multiplication of Azolla is to be determined by the date of 
transplanting of paddy and the amount of incoulum available. I case transplanting is to 
be done in the first week of July, multiplication should be initiated in the middle of 
May. With the available inoculum of about 6 kg and the area to be applied about 2 ha 
its multiplication is to started by applying 6 kg Azolla into an area of 4 m x 3 m after 
mixing with 36 g superphosphate and 1 g furadan. After 7 days, weight of fresh Azolla 
wiU be about 18 kg, which can be again extended into an area of 5 m x 6 m with 
phosphate and furadan as mentioned above. After one week, the produce will be about 
54 kg. This Azolla is further inoculated in an area of 10 m x 10 m with 



fresh Azolln has to be applied since it does not survive after drying. Hois-ever, we are 
trying to develop technolog}' for using sporocaps as the seeding material, AzoUi 
production units have to be established, preferably at the block level, to supply cultures 
to the need}^ farmers in time. Addition of inoculum in fields depends upon the time left 
for its multiplication before utilisation. It is vised either as green manure-where it is 
grown before planting or as dual cropping with rice-where it is used after growing for 
20 to 30 days, depending upon the inoculum, rice variety and fertilizer schedule. Both 
practices are combination of both the green manuring and dual cropping can meet the 
total nitrogen demand of a rice crop. In case of green manuring, fresh Azolln plants are 
inoculated to rice fields at the rate of 1-2 t /ha , 15-20 days before planting. After 
formation of a mat, it is incorporated into the soil. However in standing water the 
entire quantity can not be buried and the leftout floating Azolla fronds grow along with 
rice plants and benefit the crop at latter stages of crop growth. One layer of Azolla 
proA'ides about 20-40 kg N/ha. 

If maintenance of standing water before planting is not possible, Azolln in 
inoculated at the rate of 0.5-1.0 t/ha after a week of rice trarisplantation. It grows with 
rice plants and covers the area in 20-30 days. Thick mat of Azolln starts decomposing 
automatically and, thus, released nitrogen becomes available to the rice plants. It is 
ad-i'isable to turn Azolla into the soil with the help of paddy weeder after draining out 
water for better benefit, although unincorporated Azolla is also equally eHective, since it 
decomposes itself. The crop response was studied with these methods using several 
high yielding verities and significant increase in grain and straw yields was noticed. 
The use of Azolla along with chemical N fertilizer benefited the crop more than Azolla 
for chemical fertilizer alone. Increase N soil fertility and residual effect due to use of 
Azolla are also established. Azolla cover also controls about 50 per cent of aquatic 
weeds growth in planted field. 

Methods of inoculum production 

Divide nicely ploughed and leveled fields into small plots (10-25 sqm) by raising 
bunds. Keep 5-10 cm standing water and maintain it till multiplication is continued. 
Raising the water level to 30cm will not affect Azolla growth adversely. 

Inoculate fresh Azolki at the rate of 0.1-0.3 kg per sqm, depending upon the 
availabilit}' of incoulum. Higher inoculum densit}^ is alw-ays better for rapid spread. 

Mix superphosphate at 4 to 6 kg PaOs/ha along with incoulum or sprinkle it after 
Azolln inoculation, rock phosphates are not recommended for Azolla cultivation. Few 
grams of pesticide furadan (0.1 to 1.0 g /kg Azolla ) may also be mixed with the 
inoculum or both superphosphate and furadan should be applied after inoculation. No 
harm to Azolln was observed due to mixing of recommended quantity of these 
chemicals. 

Fresh cattle dung at the rate of 1.0-1.5 t /ha can replace superphosphate. The 
disturbance of mud of the Azolla field by stirring also helps in its better growth. 



from the work carried out at this Institute that inoculation of BGA could increase the 
paddy yield to the extent of 20-30 kg N/ha as chemical fertilize, the important aspects 
in BGA biofertilizer teclinology are their natural occurrence, cultivation, storage, supply 
inoculation, interaction with native forms and envrionment, grwoth of inoculum and 
effect of BGA inoculation rice yield and soil fertility. The amount of N fixed in paddy 
fields by BGA depends on their growth and fixation varies from a few kg to 50 kg 
N/ha/season. Only part of the BGA-N is available to the same standing rice crop with 
the result that in many instances, although plenty of algal growth is observed yet rice 
crop does not show positive response. The amendments like application of 
superphosphate in split doses after planting has been found to encourage the growth of 
native BGA considerably. Algal predators play an important role in deciding their 
dominance in the field, where high mucilage producing algae are found to be tolerant. 
Although algal production technique is know since long, vet detailed information on 
the production under various environniental conditions and soil types, seasons, water, 
regimes and competition of foreign algae with the native one is lacking. Under Cuttack 
conditions BGA multiply rapidly during March to Ma}' since high temperature, less 
rain and high light intensity prevail during this period. Fresh BGA were found to be 
superior for inoculation over dried ones and crop response due to algalization is better 
during the dry season. 5-10 cm standing water supports growth of both native and 
inoculated BGA, whereas increased in the water depth adverse!)' affected their growth. 
Rice crop response to algalisation is comparable to the application of 20-30 kg N/ha 
through chemical fertiliser. BGA can safely be used with 20-40 kg N/ha of chemical N 
fertilizer, whereas increasing the N dose further gradually reduced their growth and N2 
fixing potential. Between ammonium sulphate and urea, the latter is found to be less 
inhibitory to algal growth and N2 fixation. Incorporation of BGA mat in soil is 
recommended for better results. BGA are also reported to liberate growth promoting 
substance. A brief note on method of inoculum production and application in paddy 
fields is given below. 

Method of incoulm production 

The production of right type of inoculum is very important for algal utilisation 
programme. Several methods have been worked out in various countries but most of 
them are sophisticated and need more investment. The USSR has been raising algae in 
open-concrete shallow tanks and a similar method was found to be workable in Indian 
condition. The shallow G.I trays or concrete tanks, beside fields, are being used in 
India for the production of inoculum of promising algal species. A mixture of blue-
green algae-' Aulosira, Gloeotrichia, Anabaena, Nostoc, Wollea, Aphanothece and 
Cylindrosperum is recommended so that any of the algal species may grow suiting the 
condition for its multiplication. The details'of multiplication are as follows: 

Production in trays/tanks 

Prepare shallow trays of galvanised iron sheet (4'x3'x9") or cement tank of its 
double size to have permanent units, the size and number of trays/tanks depend upon 
the amount of inoculum to be produced. It is suggested to have such permanent 
structures with proper irrigation and drainage facilities for continues cultivation. 



Keep 34 kg soil in the above size trays/tanks and mix it well with 30 g 
superphosphate. About 20 mg sodium molybdate may be added if there is response to 
its addition in a given type of soil. Keep the soil in clogged condition after irrigation. 
Lime is recommended for acidic soils to raise the pH. 

After water becomes clear, sprinkle the starter culture on the surface of standing 
water. The starter culture must be in healthy condition, possibly collected from local 
fields (about 40 g fresh material equivalent to 4 g dry weight) for rapid growth. Trays 
should be kept in open air since algae grown in field condition rapidly multiply after 
inoculation in paddy fields. 

Blue-green algae multiply rapidly during summer due to their preference for 
high temperature and cover the area in 15 days. Harvest algal mat and use it for 
inoculation. In off season, algal mat is collected, sub-dried and kept for use. As far as 
possible, fresh algae should be used as inoculum for better result. 

Continue culti\'ation and harvesting with the above amendments and change the 
soil after 3-4 harvests. A single harvest from one tray in 20 days is around 500-800 g 
fresh algae. To prevent insects which eat blue-green algae, add 2-4 g of Biazinon or 
cytrolance or Furadan. About 75-100 sqm area is required to produce 30-50 kg fresh 
inoculum within 20 davs to inoculate one hectare. 

Production fields 

BGA grow better in soils having neutral to alkaline pH. As mentioned earlier, its 
production in field is better during summer, i.e. March to May or June at Cuttack 
conditions. The following steps are suggested to follow. 

• Prepare bunded and leveled plots of 4 sqm each near the water source, maintain 
standing water upto 5 cm and inoculate locally-collected mixture of fresh BGA 
dominated by Anlosira, Wollea, Gloetrichia and Aphanothece at the rate of 500 kg/ha. 

• Apply superphosphate (40 kg PiOs/ha) and pesticide furadan (2.5 kg/ha) after algal 
inoculation to obtain better growth. 

• Allow BGA to grow for 15-20 days and then harvest the algal mat either manuallv 
using a sieve or allow the field to dry for collecting the algal flakes, the algal 
biomass production is 3-6 tonnes fresh wt/ha during March- May. 

Production of Native BGA 

By following the above procedure without inoculating BGA the native BGA 
flora is encouraged to come up fast with a biomass of about 2 t/ha at 40 kg PaOs/ha, 
consisting of mainly species of Aphanothece, Gloetrichia, Anlosira, Anabaenn and Wollea. 

N2-fixing BGA growing in fallow flooded rice fields are also collected before 
ploughing and used as starter culture on inoculum, for which some knowledge of 
identifying promising BGA by visual observation is required. 



Field application. 

The use of dried blue-green algae at the rate of 6-10 kg/ha has been inpractice at 
CRRI and other locations in the country. Fresh inoculum is better than dried one, sine 
the later fails to come up in several cases. It is suggested to inoculate fresh algal 
material at the rate of 50-100 kg/ha (90 per cent moisture) as far as possible. Addition 
of excess algal material helps to produce more biomass in shorter time. In fact 380-600 
kg fresh wt/ha (22.5-37.5 kg/ha dried algal powder) is used in Cliina for better result. 

Apply algal material with each crop consecutively for 3-5 season. More amount 
of inoculum is required in kharif (wet season) than in rati (dry season) for rapid 
establishment. 

Inoculate algae after a week of planting in clear water and inoculation should be 
avoided on cloudy or rainy days. Algae can be used with 20-40 kg N/ha as fertiliser to 
obtain higher yield. 

Apply superphosphate at the rate of 20-40 kg P^Os/ha in 2-3 splits for rapid algal 
establishment. The incorporation of algal mat in soil during weeding provides more 
nutrient to rice plats and increases the grain yield more than unicorporated fields. 

Recommended doses of pesticides and other agronomical practices do not 
generally interfere with algal establishment, although herbicides like Machete affect the 
algal growth severely. 

Native BGA flora of paddy fields can also be encouraged to produce more 
biomass and N2-fixation bv applying only 20-40 kg PaOo/ha in 2-3 splits in clouded 
water after transplanting or seeding. 

Conclusion 

The use of Azolla and BGA is economical and eco-friendlv in comparison to the 
chemical fertilisers and both technologies are extended to farmers in the country. \i is 
suggested to produce inoculum locally instead of transporting the material grown at 
distant locations having different soil/environmental conditions. Extensive 
programme for both the technologies are required for maintenance, cultivation, 
distribution and utilization n the farmers' field on large-scale. It is important to note 
that Azolla grows well in soils with acidic to neutral pH and moderate temperature, 
whereas BGA grow well in soils of neutral to alkaline pH and high temperature. 
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RICE-FISH SYSTEM 

D.P. Sinhababu 
Senior Scientist 

Division of Agronomy 
CRRI, Cuttacli 

Introduction 

Cut of around 42.2 million (m) ha of rice area in the country, 17.3 m ha are 
rainfed lowlands of which 14.2 m ha are in the eastern India. Rainfed lowlands are 
constrained with varying degree of stresses like submergence, flash flood, drought, pest 
and diseases, poor condition of the farmers. A monocrop of traditional rice is mostly 
grown in these areas with poor productivity of less than 1 to 1.5 t /ha. Shifting to 
farming systems in these uncertain, otherwise high potential areas can only ensure 
higher and sustainable farm productivity, income and employment. 

Why Rice-fish farming ? 

Among the different farming options possible in the rainfed lowlands, rice-fish 15 
one of the most acceptable choices particularlv in the eastern India, as the resources, 
food, habits and other socioeconomic conditions favour such farming. Moreover 
lowland rice ecologies are usually conducive to aquacuiture. 

Rice-fish system 

" - Rice-fish diversified farming system, called as "rice-fish system", integrates 
different compatible components like improved rice, fish, prawn and different crops 
after rice in the field and vegetables, fruits and other crops on the bunds besides 
providing scope for birds rearing and other enterprises. The technology mainly 
includes field design construction and production methodologies for ' the different 
compc ts. 

Site selection 

Rainfed intermediate and semi-deep ^vater lo^vlands (30 to 80 cm of water 
depth), free from repeated floodings are suitable for rice-fish system. The farm size may 
vary from 0;4 ha to one hectare or more. 

Design and field construction 

The design includes 2.5 m wide dikes (bunds) all around covering about 20% of the 
field area, a water harvesting-cum-fish refuge system covering around 13''o of farm area 
in the fomi of two 3 m wide side trenches having gentle (0.5%) bed slope towards a 
connecting pond refuge of 10 m width and 1.75 m depth at the lo\ver end and a guarded 
outlet (design enclosed). Proper dressing and compaction of soil and graiss pitching are 
done to minimize soil erosion. The height of the dikes is keep at least 20-30 cm more 
than the maximum flood level. 



Production technolog)^ 

Rice 

High vielding, semi-tall and tall (120 to 170 cm? photoperiod sensitive long 
duration(160-180 days) rice cultivars with tolerance to submergence, lodging and insect 
pests and diseases such as Panidhan Tulasi, Utkalprabha, Kalashree, Lunisree 
(especially for coastal saline areas) are suitable for rice-fish-system. Rice is preferably 
dry-seeded well in advance of %vet season. Inorganic fertilizer at the rate of 40 kg N and 
90 to 30 kg PzOs and K2O /ha are applied at the time of seeding. Transplanting, if no 
required, should be done well before water stagnation using old and healthy seedlings. 

Fish and prazni 

Fresh^^•ater Indian major carps (catla, rohu, mrigal) and common carp are grown 
In combination with two freshwater giant prawn species {Macrobrachhnn roscnhcrgii and 
M. mnlcohnsonii). Fish fingeriings of 3 to 4" size and prawn juveniles of 9" to 3" size are 
released in equal, proportion at 10,000 nos./ha of ^vater area. The fish species comprise 
30% surface feeder (Catla), 20% column feeder (Rohu) and 50% bottom feeder (Mrigal 
and common carp). The stock is regularl}^ fed with oil cake and r ice bran or polish (1:1 
@ 2% to 3% of total biomass. Manuring with cowdung or farm yard manure (FYM) up 
to 10 t/ha and liming at around 200 to 500 kg/ha of water area are done in regular 
splits. Fish and prawn can be periodically harvested along with the receding water level 
in the refuge s\'stem. 

Crops after r ice 

Depending on the quantum of harvested water, the crops after rice are selected. 
Usualh" crops requiring less water like watermelon vegetables, mungbean, sesame and 
cowpea are grown after rice in. the main field. In watermelon crop use of potassium at 
100 to 140 kg/ha of K2O considerably increases the productivity. 

Crops on bunds 

One hectare farm can provide a cultivable bund area of about 1,000 sa.m. on the 
top. Around 50% of this area can be utilized for \-egetable farming and rest for fruit 
crops. 

Vegetable fanning 

During pre-kharif and wet season, okra, cowpea, gourds, and leafy vegetables 
are grown. During winter various types of vegetables like tomato, radish, cabbage, 
cauliflower, beans, brinjal, beet, carrot, gourds, peas and different leafy vegetables etc. 
are cultivated. Species can be grown in shades of fruit crops and creeper t\̂ pe on the 
trunk of huh plants stored rain water in the refuge system is used for the irrigation of 
crops. 
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Crops on platform 

Erected platforms covering some area of trenches, pond refuge and bunds can be 
used for growing creeper vegetables round the year 

Fndt crops 

Dwarf papaya (Honevdew, Pusa dwarf, Pusa delicious, C-1 hybrid), improved 
coconut (tall x dwarf hybrid and dwarf banana (cavendish, robusta) including tissue 
cultured products and arecanut can be taken on bunds. Around 150 papaya plants 
having 10% male population and each of coconut, banana and arecanut can be 
maintained. 

Productivity and economics 

Rice-fish svstem annuallv produces about 16 tones of food crops, 0.6 t of fish and 
prawn besides 5.2 t of fodder in the from of straw in an one hectare farm. This system 
provides a net annual income of around Rs. 30,000/ha In the first year which accounts 
for more than twelve times increase over traditional rice farming. The income 
subsequently increases with the addition of produces from fruit crops like banana, 
coconut and areconut This svstem also generates 200 additional man-days in a year. 

Benefits of rice-fish system 

• This svstem creates a micro-watershed for effective land use. 

It encourages synergism between rice and fish and thus, increases ,grain yield of 
rice by about 5-15% and straw yield by 5-9% and decreases input cost due to: 

1. Better rice crop stand at the initial stage as well as less damage of biomass at 
maturity due to fast drainage of excess water from the field to the refuge system. 

2. Enrichment of soil organic matter and other nutrients and better crop use of these 
materials. 

3. Recycling of plant wastes (decaying leaves, pollen) and water weeds such as fish 
food and in turn fish excreta as manure for plants which is ecologically and 
environmentally sound. 

4. Bio-control of rice pests including weeds. 

• Facilitates crop diversification, thereby, reduces investment risk. 

• Promotes gainful lirikages between rice, fish, prawn, vegetables, fruit crops and 
other components. This results in better resource utilization as well as conser\'ation 
of the ecosystem. 

<ft) OD Ou 



35 

H- 412 5 m 

D 

A 

T 
G 

- - T -

W' 
. : ; : 

R 
I 1 I 

P 
' , ' 

^ % 

T 
B 

80 m 

T 

Rice + Fish -f- Prawn 

-OUTLET 

Vegetable + Hort. 
crops 

2'5m 

_ ^ 4 - 5 m [• 

CROSS SECTION OF A - B 

T 

^-tm_-/:^^-5rff 
0 5 m 

CROSS SECTION OF E - F 

WOTE:-
D= DIKE 
R = REFUGE 
T = TRENCH 

v-i'" ^ 

CROSS SECTION OF G - H 

DESIGN FOR RICE-FISH SYSTEM IN RAINFED 
LOWLANDS (AREA 1 ha ) 



FEASIBILITY OF FARM MECHANIZATION FOR RICE-BASED 
CROPPING SYSTEM 

R.S. Devnani 
Principal Scientist and Head 
Division Agrii Engineering 

CRRl Cuttack 

Rice crop is grown under various ecosystems in, India. The traditional rice areas 
ale the rainfed lowlands. Even though the yield levels of rainfed rice regions have 
increased considerably still the comparative advantage has been reported in the non-
traditional areas where with the use of irrigation, high yielding varieties, fertilizer and 
mechanization the benefit received by the farmers are far greater than those of eastern 
India. It is expected that with changing scenario of Indian agriculture the rice which is a 
crop with low level of water utilization efficiency as compared to other cereals pulses 
and oilseeds may fade out from the non traditional areas but it is foreseen that rice will 
continue to grow in the eastern region in-the rainfed lowlands as the cost of drainage 
system of such being high it should not be possible to raise other crops but only rice. 
Hence rice will continue to be raised in the east. The aim will be to have a production 
system with low input requirements and higher yield levels. The small level farming 
systems have to be modified to reduce the cost of rice production. This is possible by 
two methods, first method is to increased the cropping intensity by adopting rice-based 
cropping system. The aim will be to raise rice followed by pulses (moong bean), 
oilseeds (groundnut), or other crops or to develop rice based farming system involving 
rice fish animal And horticulture crops to enhance overall profitability of the farmers bv 
exploitation of natural resources like underground water solar energy. The water shed 
management also offers scope for increasing productivity of land. The farm 
mechanization, of field operations post-harvest technology for value addition and' 
development of agro processing industry In the rural areas would help in increasing 
yield levels reduce losses and improve the quality of produce to compete in 
international market and generate employment. The other approach is the use of hybrid 
rice technology and the use of modern molecular tools, tissue culture etc. to Improve 
the crop varieties which will give better yield levels even under rainfed lowland and 
reduce the cost of production inputs. 

In this lecture the emphasis is laid on the farm mechanization for rise cropping 
svstem and the machines which are found suitable for rainfed ecosvstem. 

I 

Mechanization of small farms 

By and large mechanization helps in efficient and timely farm operations, reduce 
drudgery minimize the harvest and post-harvest farm looses, assures quality, value 
addition and generates rural income and employment. The farmer is to be provided 
with a package of tools source of energy/power units and be trained to use them 
properly for achieving maximum benefit. It is high time that the farmers of eastern 



India shall speedily mechanize the rice farming to achie^'e the second rice revolution in 
eastern India inorder to maintain the India's leading role in export of rice in foreign 
markets. 

Normally mechanization has been associated with use of tractor power tube well 
for irrigation and the thresher on the Indian farms, However the mechanization is a 
continuous process and use to machines, tools, threshers, seed drills help the farmer to 
reduce the drudgery operational time and helps in achieving higher work output can be 
termed as mechanization. 

The use of country plough for tillage, broadcasting of seed and fertilizer, 
interculture by hoe and beaushening in lowlands are \-ogue in most of the areas. This 
method of rice cultivation needs improvement to overcome the farm operational 
constraints. To mitigate such problems the follo\ving operations with improved 
implements are suggested. 

Rain water conservation 

Summer ploughing 

It is general])' done with the help of mould board plough after the han-est of 
crop. The soil is Inverted which helps in conservation of rain water killing of soil borne 
pathogens and control of weeds. The ploughed fields can soak upto 75 to 100 mm of 
rain water before the surface run off occurs during the onset of monsoon. This also 
saves the less of top soil in run off. 

Btmd making 

Bund making along the boundary of plots helps in storing of rain water. The 
bullock drawn bund farmer can help in doing this job efficiently. The 20 cm high bunds 
can store 15-20 cm of rain water in the field which can be useful for wet seedbed 
preparation and transplant of seedlings thus help in establishing of plants and controls 
OTowth o weeds. 
o 

Field preparation and sowing 

To prepare the seedbed under rainfed ecosystem: After the onset of monsoon it is 
suggested to use the bullock drawn disc harrow for wet as well as dry seed bed 
preparation CRRI disc harrow is designed to prepare the seedbed in two operations. 
Thus one hectare of field can be prepared in 20 hours of disc harrowing. After the disc 
harrow operation the fields are levelled by levelling ladder or leveller of bullock drawn 
t}'pe in 5 hours. Thus in 25 hours one hectare field can be prepared. 

The proper seedbed is must for operation of animal drawn manual seed-drill. 
The use country plough normally creates a clody field and it requires 3 to 4 operations 
to breakup the clods thus it takes more time to prepare the seedbed with traditional 
svstem. 
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The seeds are to be down at shallow depth with a seed drill and for sowing seeds 
a row type seed drills for rise are developed to do the sowing operation under rainfed 
lowland and upland fields. In case of wet cultivation the recommendation is to sow the 
pre-germinate seeds along line and 3/4 row wetland seeders are available for 
performing of line sowing of wet fields. The sowing of seed drill and wetland seeders 
have indicated that the plant establishment is better by these methods and yield levels 
are increased have been proved by many field experiments at Cuttack and other 
Institutes. 

Mechanical transplanting 

The transplanting operation for rice crop is to be carried out timely for higher 
yields and it is labour intensive. The farmers during transplanting season face labour 
shortage because every farmer is interested to complete the lob in time. The available 
human power is n sufficient to complete the job of transplanting during the season. 
Besides the transplanting the farmers is also handicapped to prepare wet seedbed 
which requires three to four operations country plough as he is not having puddler to 
puddle the fields. Thus the transplanting delaved. The manual transplanting requires 60 
man d a y s / ha. Thus animal draw puddler can be useful implement for the farmers for 
preparing the puddled fields. 

In Orissa only 55% of area can be transplanted it all the labour force available is u 
on the farms to do the transplanting. This is further reduced if the social custom of 
transplanting w women orUy is to be followed. 

Tlie use of transplanter for transplanting seedling with manual rice transplanter 
would reduce the peak labour demand, but the labour requirements at the time of 
seedlings in trays as mat type seedlings would increased compared to con\'entional 
method of nursery raising, but the total labour requirements are less by atleast 100 man-
hours /ha . 

Control of weeds with improved weeding tools 

Tl\e use of efficient weeding tools possible onlv when the crop is so^\'n ^vith a 
seed drill. The CRRI finger tvpe weeder for weeding upland and lowlands is most 
suitable tool. Other weeders like rotary type Japanese weeder and IRRI tvpe cono 
weeder are also recommend for \veeding of lowland fields, the chemical and 
mechanical control of weeds have been reported to be most effective. The long handle 
weeding tools have three to four times more work output as compared to manual 
method. 

Mechanical harvesting 

The optimum time of harvest of rice is around 20% of grain moisture level. 
Manual harvesting requires 180 man hr/ha, 20 to 25?o of time of field operations is 
spend in harvesting, curing, gathering and transport of crop to threshing tloor. For 
timely harvest of rice crop a vertical coveryor reaper 1.0 m self propelled and walk 
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behind type has been evaluated at CRRI, Cuttack and reported to be a viable machine. 
It is able to harvest 0.17 ha/h and harvest losses are only 0.4%. A 2.08 m wide tractor 
front mounted machine was also evaluated. It has a field capacity of 0.32 ha/h vvith 
harvesting.losses within 0.5%. Tlĵ us use of reapers can reduced the total time of harvest 
by 60% as compared to'manual niethod. • 

Threshing 

The threshing of padd}' is done by bullock treading or by pedal operated 
threshers. The capacity of pedal tiiresher is about 300-400 kg/day with losses less tlian 
1%. At CRRI a power operated thesher on the same principle as spike tooth type pedal 
thresher operated by 1 hp single phase motor was developed, the unit is operated by 
three workers and ha\'e an output of 160kg/h. The 5 hp multi-crop tlireshers when 
used for tliresWng of paddy are reported to giA'e 400-600 kg threshed paddy per hour. 
These tlireshers can help in reducing the threshing time and losses on the farm level. 

Post-harvest processing 

The post-harvest operation in case of rice involves cleaning of paddy, drying, 
milling (separation of rice, bran and husk) and grading. The further procuring 
operation involves utilization of bran for bran oil and oilcake as arvimal feed, husk as 
fuel and for use of industry or for building boards. The broken rice can be used as rice 
flour and babv food. For eastern region, parboiling before rice milling is carried out. 
The parboiling operation increases the nutritive value and also helps in high recovery of 
rice during milling. The CRRI has developed technolog}' for cleaning of paddy,,mini 
parboiling unit, small padd}- dryer and storage bin for post-har\^est operations 
performed by the small farmers, these used to be popularized. 

Conclusion 

the mechanization of farm operations at small farmer level is possible bv use of 
technology developed at CRRI. These are feasible if used on farm for atieast 25 o 30 
days during the crop season. One way of increasing their use is to make them usable 
for the rice based cropping system. This will involve raising of two crops n place of one 
crop of rice. The second crop to be adopted b\' farmer depends upon the popularity 
and marketing ability of the farmers. Oilseeds and pulses offer a great scope m this 
regards, hence for rice based cropping system farm mechanization is a must even for 
small farmer to reap the benefits of high productivity levels and achieve timelines in 
operation. 
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DEVELOPING RICE BASED CROPPING SYSTEM UNDER RAINFED 
LOWLAND ECOLOGIES 

Dr. A. Ghosh 
Scientist (Senior Scale) 
Division of agronomy 

CRRl Cuttack 

Approximately 38 million hectares oi rainfed lowland rice, comprising about one 
fourth of the worlds' total rice-cropped areas, produces 17% of the global rice suppiv; 
whereas, in India, out of 42.2 million hectares of total rice area worlds' largest rice 
cropped area),17.4 million hectares belong to this ecology accounting for nearly 40% of 
the total rice area in the country. Uncertainty characterizes rice farming in this fragile 
ecology rendering very poor rice productivity oscillating between 0.8-1.5 t/ha. Growing 
environment becomes complex, diverse and risk-prone (hence, identified as CDR 
Production System) constraining desirable production to be achieved. These 
multifaceted production constraints keep the farmers away from modern technologies 
on rice and rice-based farming systems to be adopted for this ecolog}^ However, the 
rainfed lowlands offer tremendous resource potential to be explored augmenting crop 
production and can enable lowland farming an attractive enterprise. The crop 
performance under this situation is considered as an integral measure of several 
production factors encountered in this micro-environment such as spatial heterogeneitv 
over soil types, topographical sequences, and agro-hydrology. Therefore, it is 
imperative to intensify studies on cropping system research taking into account the 
component variability under different lowland ecologies. 

Rational: why intensify cropping even in lowland 

Recent trends in industrialization graduallv grabs the favourable lands, hitherto 
representing arable farming. Adding to it, 'the dream of a small castle' slashes the 
culti\'able land indiscriminately, depleting the granary pool of the nation. At this 
juncture, area planted to rainfed lowlanci rice is gradually expanding and virtually, 
after a few decades, this ecology appears to be the only area available for agricultural 
farming. 

On the other hand, the countrys' demographic pressure increases geometricallv 
accounting to 96 crores SO lakhs as against 33 crores during independence. Besides to 
meet their food requirement, farmers have to ha\'e the teclinology to double the food 
production in ensuing millennium. The rice production in favourable irrigated situation 
has already inclined to the yield plateau. Consequently, research to intensify cropping 
in rainfed lowlands needs adequate attention to explore the possibilities of 'round the 
year farming' for making the situation worth-remunerative. By the way, about 22 
million tonnes of anticipated future increase in rice production in the country is 
expected to come from rainfed areas only. This estimation of phenomenal increase in 
food production suffices enough to encourage restructuring our research strategies in a 
right perspective, deriving maximum benefit from this ecology. 



The traditional cropping systems that have been evoh'ed by farmers through 
mixed experiences of success and failure, over a considerable period of bio-physical and 
socio-economic variability, need not be ignored; rather, tliese may be considered having 
substantial impact being operative and appropriate for the specific situation following 
their appropriate modification under modern perspective. Here it lies the point of 
intervention to feed them back with the improved teclmology relevent to lowland rice 
based cropping system. 

Ecosystem- hydrology 

Lowland ecology can be categorized into four classes keeping in view on the 
inundation pattern experienced therein. The situation where water gets accumulated up 
to 30 cm (at least for a period of one month) is identified as shallow lowland; similarly, 
situation experiencing water depth up to 50 cm and 100 cm are considered intermediate 
and semi-deep water situation, respectively; while water depth beyond 100 cm 
represents the deep ^\'ater situation. Out of 40% area under rainfed lowland, 18,9,7 and 
6% are under shallow, intermediate, semi deep and deep ^vater situation respectiveiv. 

System analysis 

This hydrolgical pattern has a great concern on the nature of the cropping to be 
followed therein. It implies the time-variability in the a\-ailability of land for ensuing 
crops and virtually, seems to be a determinant of the crops to be grown in sequence 
after kharif rice. By virtue of less water depth, considerable time may be available for 
growing medium to long duration crops in rice fallow under shallow lowland 
situations; while the time availabilit}^ would likely to be declined proportionately with 
the increase in accumulated water depth. As a consequence, growing short duration 
legumes/oilseeds may be the right proposition under this intermediate or semi-deep 
situations. Therefore, the preamble of the cropping in rice fallow should be the duration 
of the both preceding and succeeding crops. Essentially, the crops in rice fallow should 
have short duration, preferably ,< 3 months; however, crops sustaining even up to 4 
months may be grown under the situations witnessing complete recession of water 
earlier than other waterlogged situations. Even winter rice can successfully be grown 
here under assured irrigation facilit}'. Consequent upon the occurrence of these factors, 
some cropping systems have been developed, appropriately suitable for different 
lowland ecologies (Table 1). On the other hand, traditional inclination to the 
conventional system of cropping in different regions may not deploy the full potential 
of this lowlands. Therefore, efforts have been made to revise the existing cropping 
systems bringing out return more than that realised in farmers' practice (Table 2). 

Salient determinants 

A better understanding of the situation encountered under specific ecology may induce 
appropriately the system development. FoUowings are the important factors to be 



considered prior to conceive the idea of designing any cropping system under lowland 
ecology. 

Biotic determinants 

Selection of rice variety- highly photosensitive, crop should mature proportionateiv 
with the recession of water depth 

Selection of sequence crop(s)- short/medium duration, less water requirement, high 
responsive to minimal cultural operations providing a good 
stand 

Abiotic determinants 

Hydrology- indicating the period of land availabilitv for ensuing crops 

Soil- high residual moisture status, high inherent fertility 

Rainfall- possibility of subsequent winter rain(s) (frequency/intensity) encouraging 
further crop growth 

Socio-economic aspects 

Farmers' perception- their interest, their need 

Diversion of labourer- availability vs. scarcity 

' Inputs- facility, timely availability 

Conniiunih/ej^^orts-hazards of stray cattle/grazing 

Conclusion 

Choice of a cropping system may not constitute the basis for a rational decision; 
rather, this situation would need specific consideration and profitability has to be 
viewed ^vith this angle. Socio-economic monitoring and analysis has to be juxtaposed 
with or as a part of improved cropping system design and assessment thereof. This is 
one of the most critical elements in this methodology, one that has challenged both the 
biological and social scientist. Virtually, here it remains the success of developing 
cropping system under rainfed lowland ecology. 



Table 1: Suggested cropping systems for different lowland ecologies. 

Ecology (water depth, cm) 
Shallow lowland (0-30cm) 

Intermediate lowland (0-50 cm) 

Semi-deep lowland (0-100 cm) 
Deep-water lowland (> 100 cm) 

i Crops ill sequence 
\ Rice-gromidnut/sunflower/caster/okra/ 
i tomato/wheat/maize, 
1 Ahu rice-sali rice-pea/tomato/cabage 
i Rice-greengram/cowpea/watermelon/ 
i jute/sesame/vegetables 
; Rice-greengram/cowpea/lentil 
i Rice-fish 

Table 2: Suggested cropping systems for different regions of the country. 

Region 
Assam 

N-VV Bihar 

Orissa 

West Bengal 

Coastal Karnataka 
Kerala 
Tamilnadu 

1 Crops in sequence 
I Rice-mustard (flood affected irrigated 
i areas)/wheat (flood affected rainfed areas) 
\ Rice-potato-jute, rice-wheat-jute/rice, rice-
i maize-jute 
i Rice-rice/groundnut/legumes 
1 (greengram, pigeonpea) 
1 Rice-potato-maize/jute/groundnut, rice-
i wheat-rice/legumes/maize, rice-maize-
1 jute/legumes 
i Rice-rice-millets/ legumes/ groundnuts 
i Rice-rice-legumes/rice 
\ Rice-rice-legumes-oil seeds 
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THE ROLE OF MOTIVATION IN EXTENSION ACTIVITIES 

Dr. M. Venugoplan 
Principal Scientist and Head 

Division ofECT 
CRRI, Cuttack 

Motivation begins when a person perceives a need that must be satisfied. This 
perception occurs when some form of stimulus attracts a person's attention to the need. 
The need having been perceived motivates action on the part of the person to satisfv the 
need. An extension officer wants to introduce a new technology as he perceived well 
about utilitv' of the technology. This motivates him to use different extension methods 
to educate the farmers. His main task is to influence the behaviour of the farmers 
towards predetermined goals. Behaviour is only our intermediate step in chain of 
events. Motivating forces lead to some manner or form of behaviour, and that 
behaviour must be directed towards some end. Thus motivation creates awareness, 
interest and conviction and moves the farmer for adoption. 

Extension is nothing but changing behaviour in the right direction. Changing 
behaviour includes change in attitude, knowledge and skill, if a farmer acquires 
knowledge and skill, his ability to perform his task is increased. It is generally accepted 
that knowledge and one's skill in applying it constitute the human trait called ability. 

i.e. knowledge x skill = ability 

Once attitude is reaching in specific situation in positive way, motivation begins. 
Attitude X situation = motivation. Motivation and ability together determine human 
performance, 

i.e. abilitv x motivation = human performance 

Further this human performance combines with resources and interacts leads to 
productivity-. 

i.e. human performance x resources = productivity 

Tlierefore, the motives, urges, inner drives are the basic forces which direct a 
person to move him towards his goals. 

The motivational driveis are: 

Achievement - to overcome challenges, advance and grow 

Affilication - to relate people effectively 

Competence - to do high quality work 

Power - to influence people and situation ' ' ^ 



Achievement motivation is a drive. Some people have to overcome the challenges and 
obstacles in the pursuit of goals. An individual with this drive wishes to develop and 
grow and advance up the ladder of success. 

Characters 

• Hand worker 
• Trust their subordinates 
• Share and receive openly 
• Set high goals 
• Expect their employees will also be oriented towards achievement 

Affiliation motivation is a drive to relate people on a social basis. Persue with 
affiliation motives work better when they are complemented for their favourable, 
attitudes and cooperation. 

Chnrncters 

• Select friends to surround their 
• Winner satisfaction from being with friends 
• They want the job freedom to dex^elop these relationships 

Competence motivation is a drive to do high qualit}' work. 

Chnrncters 

• Seek job master}" 
• Develop problem soh'ing skills • 
• Strive to be innovati\'e 
• Expect high quality %vork from their associates 

Power motivation is a drive to influence people and change situations 

Characters 

• Wish to create an imuact on their organisations and one willing to take risks 
to do so 

• Excellent managers 
» Rise to leadership positions through successful performance. 

In the hiearchy of human needs indicated by Maslow Basic Physical needs (1st) 
and safety and severity (2nd) needs one of in lower order, whereas belonging and social 
needs, love and affection (3rd) esteem and status (4th) and self acualication and 
fulfillment (5th) are in higher order. 

Persons having positive motives can reach the highest stage where the milk of 
human kindness one can achie\'e \vith peace of mind. 

All human relations is a process of effective motivation of individuals in a given 
situation in order to achieve a balance of objectives which will yield greater human 
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satisfaction and help to accomplish the development activities. The following ten 
commandments (Darvar, 1970) will be helpful for the extension personnel for effective 
motivation. 

Ten commandments of effective motivation 

Recognise the IndividiiaHty of individuals: People are different phvsically and more 
psychologically. Do not assume that all the group members are motivated by the same 
needs or desires. Therefore, ascertain first the needs craving satisfaction in the 
particular individual's mind so that you can create a motivating situation for him. 

Make your subordinates feel important: Human beings w^ant to be appreciated and like to 
feel important. Therefore, when relevant, ask their opinions and praise them in public. 
One oi the rules often given tor human relations, or getting things done through people 
is "praise in public and criticise in private". Give credit where it is due and show 
interest in, and appreciation of your subordinates. Use every opportunitv to build in 
your subordinates a sense of importance of their work. 

Guide rather than order: The job of the manager is to guide his subordinates towards the 
attainment of the departmental goals. Instead of giving orders, give suggestions which 
will produce better results. 

Set a good example: The manager sets the style for his people. Subordinates are always 
watching their superior. They often persume, at times erroneously, that their superiors' 
conduct is the appropriate one for adoption. Therefore, play up the positi\'e and be a 
person worth copying. 

S/iOTc confidence inyour subordinates: This will instill confidence in themselves. Adopt the 
attitude that you are sure that they will do their best. 

Listen attentively: A good motivator wants first to understand the facts. Listening can 
provide deeper understanding. Very often the mere act of listening and permitting the 
subordinate to talk without interruption results in the subordinate seeing the error of 
his own opinion. 

Watch hozv you communicate: Be careful not only of what you say but how \-ou say it as 
even the tone of the voice is relevant. Avoid unconscious communications like the 
frown. 

Encourage participation: VVlierever possible provide the subordinate with an opportunity 
to take part in the decisions, particularly where they affect them. Keep them well 
informed on matters which affect them. Effective participation requires the possession 
of adequate knowledge by the subordinates. 

Do not be secretive: Secretiveness induces frustration in the subordinates. Create a 
feeling of belonging, team spirit and group cohesiveness tlirough communications. 



Mnke your subordinate: "Want to Do" Things that you want tliem to do. Making the 
subordinates want to do the things you want them to do can only be done by an 
integration of objectives. The subordinates must feel that the}' will achieve their own 
goals best b}' striving towards the achievement of the organisation's goals. This is the 
most powerful motivational factor. 

A conceptual model indicating the role of motivation which leads to 
performance, productivity of human life and prosperity is given below which includes 
the other factors like, training, environment, heredity, knowledge, skill, ability, attitude, 
situation, society and resources. An understanding of these factors help the extension 
workers to do their job more effectively. 

KNLOWEDGE 
X 

SKILL 
ABILITY 

MOTIVATION 

RESOURCES 

ROLE OF MOTIVATION IN HUMAN LIFE 

Reference: Darvar R.S., (1970). Personnel Management and Industrial relations in India. New Delhi 
: Vikas Publishing House Pvt. Ltd. 
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Introduction 

/'^omputer systems have evolved at a rapid pace. Starting from huge 
^sys tems occupying a building just for calculation in the 1950s and the 
1960s, these systems have miniaturized into desktop super computers, 
capable of rruilions of calculations per second. This has resulted in an 
information explosion leading to exchange of communication across 
boundaries of countries. Today, the Internet serves the function of a medium 
capable of providing information on a variety of disciplines from science to 
culinary to space. 

My talk has three objectives: 
1. Introduce computer basics. 
2. Introduce the Internet. 
3. Bro\vse select Internet agricultural web sites for information. 

The trainees, based on this introduction to computer systems will be able to 
impart training to farmers, using latest technolog}', browse web pages, and 
exchange information. 

The lecture notes is set into three parts: Computer basics. Introduction to 
Windows 95/98 and Notes of select web sites of agricultural importance. 
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Internet Relay Chat 
S Online interactive discussion 

Usenet 
SMeeting place at a global level. 

HThe building b>oci< is a news group. 

Examples: bionet: Research biology 

biz: Business; comp: CompuXBrs 
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i i 

mailto:riviviswoni@2wteiiil.can


12 



Introduction to Windows 9 5 / 9 8 
Ravi Viswanathan 

J. Scientific Officer (Press and Editorial) 
Central Rice Research Institute, Indian Council of Agricultural Research, Cuttack (Orissa) 753 006, India 

Windows 95/98 is an operating system, a suc­
cessor to Windows 3.1x. An operating sys­

tem is the program that manages two interfaces: 
Interface between user and its applications and the 
between applications and computer devices and 
files. 

Advantages 
^Windows 95/98 is easy to learn and use. 
^Windows 95 and its applications run under pro­
tected mode that means the non-functioning or 
corruption of a single errant program does not au-
tomaticalh' crash the operating system or any of 
other programs. 
* Multitasking: Windows'95/98 is preemptive 
multitasking. Programs running in the background 
do not degrade the interactive program that is run­
ning in the foreground. 
*Windo\vs 95/98, integrates virtually all your 
computing tasks and resources such as networks. 
E-mail, Multimedia, S)'Stem Administration, Print­
ing, and fax. 
*Faster Processing (32 bit processing) enhances 
svstem efficiency. 
*Long file names. 
* Mouse: Left Click activates a command and right 
click brings up menus. 
* Complete Operating System. 
*Extensi\'e features for networking and Commu­
nication 
^Complete protected mode. 

Windows 95/98 Desktop 

On starting Windows 95/98, you see the Desk­
top Area as shown below: 

> - > i ^ 

r-'~j~fe«^ .--»—«,'- ^-frraiitl, -^i^rr^ -famip^iM^ ; . ^ •„' 

Desktop: Indicates the entire screen area when Windows 95/ 
98 is started. 

Shortcut Icons 
Icons are a graphics representing an object. It al­

lows quick access to commonly used programs or 

folders or documents. 

Start button 
Allows access to various menu commands. Used 

for starting a program, finding a file or getting help. 
All applications are accessible through this button. 

Taskbar 
The taskbar shows all open applications in the 

form of boxes. Allows shifting from one applica­
tion to another. 

Status and Time 
Displays current time for intenial clock. Provides 

other status information about the system such as 
print status 

Icons on the desktop 

My Computer 
It provides the view of computer contents and 

manages all folders. 

Network neighborhood 
Network represents a set of computers, which 

are joined together. Double clicking the icon allows 
browsing through other files and folders of otht 
computers on your network. 

Recycle Bin 
Acts like a wastebasket that is used to restore 

files. 

My Briefcase 
This icon is useful when one has a computer in 

the office, and a laptop (portable computer). It helps 
to keep data on the laptop and office computer up­
dated with each other. The briefcase is also useful 
if vou use two computers at different places. 

Components of Start menu 

The START gives access to all the applications 
available in your computer. Each entry represents 
an application (such as Windows Explorer) or a 
group of Applications (such as Accessories). By 
clicking on an appropriate item you can start an 
Application. 

Documents 
You can quickly open a docunient that you have 

worked recently by using this command on start 
menu. Displays last 15 documents, which have 
been used. 
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Control panel 
Allows you to change basic settings of the com­

puter, such as Background, Printer and Taskbar. 

Find 
Find files or computers quickly through the Find 

command. Allows searching for files by: 
1. Specifying Filename or wildcard (*,?). 
2. Specifying Date of last modification. 

Help 
If you don't know how to do something, you 

can look it up in Help. Just click the Start button 
and click Help. 

Shutdown 
Shutdown gives you the following options: 
Shutdown the Computer: Use this option, when 

you want to switch off the computer. Do not turn 
off your computer until the "It is now safe to turn off 
your computer" message appears. 

Restart the Computer: Use this option when some 
program is misbehaving and is halting the system. 
Use this as a safer alternate to using the computer's 
reset button. 

Restart the Computer in MS-DOS mode: Gives you 
the conventional DOS prompt and is used to run 
DOS softwares. 

rA^i^.mi\m maK^i^i^gat^^ta^i^aiS^^KiMikimMm^imiii mauai^.Mait^i^SMga^^a : i - i n | x | 

Hide Splions 
1 ) 

Web Help 

Contents Index Search 

P I N 

5^ Introducing Windows 93 
5^ Exploring Your Computer 
^ Exploring the Internet 
i^ Using Windows Accessories 
^ Printing 
^ Managing Hardware and Software 
^ Connecting to Networks 
^ Using Accessibility Features 
^ Getting Started Book; Online Versior 
^ Troutjleshooting 

J j 

-Microsoft-

Windows98 

Welcome to Help 
Use the Help system to learn more 
about Windows 98. 

• Find answers to your questions. 

• Browse the online version of the 
Getting Started book. 

• Connect to the Web to get 
software updates. 

• Troubleshoot your system. 

i?il998 Microsoft Corporation 
rights reserved. 

All 

zl 

Files and folders 

Folders 
Generally folders are 

used to organize and 
manage data in a system­
atic manner. Folders con­
tain Files and other fold­
ers. To create the shared 
folder across a network, 
click the right mouse but­
ton on desired folder and 
select the sharing option 
from properties dialog 
box. 

Get Help on each item in a dialog box by click­
ing the question mark button in the title bar and 
then clicking the item. The Contents tab provides 
help on topics grouped by subject, and the Index 
tab provides help to find specific topic listed 
alphabetically. 

Files 
File is basic unit of stor-

age of information or 
data. There are two types 
of files in Windows 95/98: 
Program Files (Applica­
tion Files) and User Files, 
generally referred to as 

documents. 
VVindoivs 95/98 supports long file names up io 

256 characters. Three-letter extension can be speci­
fied to categorize the files. A folder can't contain 
two files or folders with the same names. 

Shut Dovm Windows; 
Run 
<&To start programs directly use the RUN com­
mand. 
si* In the open box, type the location and r^ame 
of the program you want to start. 
* If you don't remember the location or name 
of program file, click Browse. 
*To select a program you started recently, 
click the down arrow in the Open box, click a 
program in the list, and then click OK. 

What do you want the computer to do? 

^ Standby 

^ S^i^* downj 

C Restart , , . 

C Restart in MS-DOS mode 

OK. Cancel Help 
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*View the contents ot anv file 
b}' douWe-clicking on tile icon. 
This will first open the appli­
cation in which file was made. 
JJ^Quickly view a document by 
right clicking the file icon and 
selecting quick view. This 
method uses a special viewer, 
and does not open tlie applica­
tion. 
!3;Quick view may not be avail­
able for files in non-standard 
software like WordStar. 

Create a New Folder 
* Click on the folder in which 
new folder is to be created, on 
the left pane. 
^Select File Menu, then New 
Folder, and type in new name. 

Opening files/folders 
S:Double click the My Computer icon to see all the 
storage devices of your computer. 
^Double click the Hard Disk icon, to see content 
of harddisk C:. 
* Double click any folder to see all files and 
subfolders inside. 
^Double click a File, to open and see the contents. 
S= Double click an Application to execute it. 

Windows Explorer 

It gives detailed ver­
sion of My Computer 
and performs Disk 
Management activities. 
® You can start Ex­
plorer from program 
options of the start but­
ton. 
Ŝ  Explorer window is 
in two panes. Left pane 
displays Drives and 
Folders. 
^Current Folder is in­
dicated by open Folder 
icon. 
®Click on any folder 
icon to open. Right 
pane displays files in 
current folder. The Plus 
Sign on level indicator 
sigriifies sub-folders. To 
display sub-folders, 
dick on the plus sign. 

Moving Files/Folders 
*Open the folder-containing file to be moved. 
sSLocate folder into which file is to be moved on 
the left pane, using scroll bar. 
Jj-'Drag the file from right pane, on the target folder 
on the left pane. 

Copying Files / Folders 
®Open the folder-containing file to be mo\'ed. 
*Locate folder into which the file is to;be moved 
on the left pane, using scroll bar. 
* Press control key and drag the file from right 
pane, to target folder on the left pane. Release con­
trol key only after entire operation is complete. Al-

Tlie Windows Explorer icrem 
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temately drag the file with the right mouse. Select 
"Copy here" in menu. 

Renaming Files/Folders 
*Click on folder or file to be renamed. 
*Click again and type in new name. 

Deleting File/FoIder 
*Click on folder or file to be removed. 
*Press Delete on keyboard, and then click YES to 
confirm. 
^Alternately, clicks right mouse on the icon and 
select delete option. 

Restorin^undeleting file/foider 
••?-Se\ect Recycle Bin at the bottom of left pane. 
^Deleted files appear on the right pane. 
*Drag the file back to desired folder 
^Alternately, right click the file and select restore. 

Customizing the view 
In case toolbar is not visible, choose toolbar op­

tions in view menu. 

Icons 
Files on the right pane can be displayed in dif­

ferent sizes 
Large icons: Displays each file as a large icon. 

Click Large icon button on the toolbar. Alternately, 
select large icon option from View menu. 

Small icons: Display each file as a small icon. Uses 
Vertical scroll bar to view more items. Click small 
icon button on the toolbar. Alternately, select small 
icon option from the view menu. 

Arranging icon: Files on the right pane can be ar-

9Re<g;vlSB' 

ranged in alphabetic order of Name, Type, Size or 
Date. For rearranging files in any order, select Ar­
range from View menu. 

Creating Shortcuts 
Provides quick access to an application, folder 

or document. Shortcut icon always has a small 
white arrow on bottom left corner. Usuallv placed 
on the desktop for quick access. Locate the object 
in Explorer or My Computer. Using right mouse 
button, drag the item to the desired location (desk­
top). Select" Create Shortcut Here" in menu. 

Recycle Bin 

Recycle bin is an area allocated in hard disk for 
storing deleted files. Recycle bin is available on the 
desktop, or in the explorer. All deleted files are 
stored in the recycle bin, until the designated area 
is full. When full then the Recvcle bin automati­
cally deletes earlier files. 

Restoring deleted files from the Recycle bin: Double 
click the recycle bin icon on the desktop. Click the 
right mouse button on the files to be remo\-ed. Se­
lect Restore. 

Emptying the Recycle bin: Click the right mouse 
on the recycle bin icon. Select the "Empty Recycle 
bin" command. 

Allocating space to the Recycle bin: To regulate the 
size of recycle bin, click the right mouse on fhe re­
cycle bin icon, and select the properties option. 
Drag the space regulator, to denote the space re­
quired. 

Control Panel 

You can choose control panel front settings op­
tion of start button. Some of 
the important items are: 

riiiiiiilTi'iiMlfir&'BffW EnS 
F3e Edit View Go Favoiites Help 

Name Otiginal Location Date Deleted Type 

13JNew Text Documenti C:MINDOWS\Des... 
_JNew Fo/der CSWINDOVv/Ŝ Des... 

6/'5/'99 3:43.AM 

S/5/99 9:43 AM 

TextDocu 
File Folder 

<± 
2 obiect(s) "[Of 

2} 

Regional settings 
Changing the regional set­

tings affects the way program 
display dates and currencies. 
It has the following Tabs: 

Regional Settings: Enables 
selecting language being 
used. 

Number: Select default 
number formats, such as deci­
mal. 

Currency Time Date 
The Computer maintains 

an internal'Cldck. You can 
change the date of internal 
clock using this option..This 
can also be changed by 
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document to 
shortcut. 

the printer 

double clicking the time area of the task bar. 

Display settii\gs 
The following default options can be changed: 
^Changing the Background. 
* Changing the Screen Saver. 
^Changing the Color Settings. 
Alternately, b)' right clicking on a blank area in 

the desktop, and selecting properties. 

Printing basics 

When you print a document in VVindows95/9S, 
it is put in a queue. The print manager takes care 
of the printing and it is done in the background. 
This means that vou could continue working and 
also printing. 

Drag and drop printing: To quickh' print a docu­
ment, which does not need any changes, use drag 
and drop print. Create a shortcut for the printer on 
the desktop. Open the Folder containing the re­
quired document, using My Computer. Drag the 

The print queue manager 
Double click on the printer 

icon to access the printer 
queue. 

Deleting a print job: Click on 
any job and press delete from 
the Keyboard if you wish to 
delete the en t r \ ' from the 
queue. 

Reschedule a print job: Click 
and drag a job from one place 
to another to reschedule the 
jobs. 

Windows accessories 

Many Applications have 
been built into Windows 95/ 
98, which aid and enliance the 
usabilit}' of this operating sys­

tem. These applications are generally referred to 
as Accessories.To get access to these Applications 
click Start, choose Programs, Accessories and then 
choose the required accessor}'. 

Some Accessories 
V\vrdPad: Is a built in word processor available 

in Windows 95/98. 
Calculator: To calculate. Available;in two modes: 

scientific and standard. ' 
NotePad: A text processor. 

Practical Training 
How to shutdown your computer 

1: Switch on your personal computer. -
The system goes through a sequence of initial­

ization and startup procedures. You see the screen 
on your monitor filled with the Windows 95/98 
logo in a backdrop of azure blue sky. 

The print queue manager 

Printer Document View Help 

mMP^l^eiieSmWima^mcm ^mmmf^ miMmm--'.'^ I -J 11 i . , n M u 111 iijii I »i I . w«L-.»i.T-'""|—. — 1 1 

D o c u m e n t N a m e S t a t u s Owner Proaress Started At 

1 ^ D:\Magma'\Lect\lec93.pmG Printing - Sp... crri 0 bytes of 8... 9:58:47 AM 6/'5/99 

1 jobs in queue ^ 
1. 
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2: Select START button on taskbar and click it. 
3: Select shutdown option from the menu and click 
it. 
4: Select Yes option from menu and click it. 
5: Wait for some time, then you will get a message 
on screen saying you can switch off your computer. 

How to create a folder in the Windows 
environment 

1: Press right mouse button. 
2: Select the option New from the context menu 
and click it. 
3: Select the option folder option and click it. 
4: Give the name of the folder say Hi and click it. 
5: Move the pointer outside and click it. 

How to create a file in the folder itself 

1: Move the pointer in the folder itself and click it. 
2: Click the right button of the mouse. 
3: Choose OPEN option and click it. 
4: Select FILE option and click it. 
5: Choose NEW and TEXT DOCUMENT and click 
6: Give the name CTC and click it. 
7: Move the pointer in the file itself and click it. 
8: Click the right button of the mouse and choose 
OPEN option. 
9: Automatically you will get a Notepad. 
10: Write some messages. 
11: Move the pointer in the Notepad and choose 
FILE and click it. 
12: Move the pointer to SAVE option. 
13: Move the pointer to FILE option and EXIT and 
click it. 

How to copy a file from one folder to 
another folder 

1: Click the folder having the file. 
2: Click right button select OPEN and dick it. 
3: Select the file and click it. 
4: Click right button of the mouse. 
5: Choose COPY option and click it. 
6: Go to the folder where you want to copy the FILE. 
7: Click'right button select OPEN and click it. 
8: Click right button and PASTE it. 

How to copy a file from folder to 
floppy 

1: Select the folder from where you want to copy a 
file and double click it. 
2: Select the file, which you want to copy to a floppy 
and click it. 
3: Don't move the pointer in the file itself. 

4: Press right mouse button and select SEND TO 
floppy drive option. 

How to copy a file from floppy to 
folder 

1: Choose the option My computer and double click 
it. 
2: Select the drive and click it. 
3: Select Edit option and click it. 
4: Choose the select all option and click it. 
5: Choose edit and copy it. 
6: Choose folder *.* and double click it. 
7: Edit and paste it. 

How to make an icon 

1: Press right button of the mouse 
2: Select New and click it. 
3: Select shortcut and click it. 
4: Choose Browse and click it. 
5: Select NAV software and click it. 
6: Choose open option and click it. 
7: Select NAV.EXE file and click it. 
8: Select next and finish option and click it. 

How to change the icon 

1: Click the right button on the icon which you want 
to change. 
2: Select properties and click it. 
3: Choose the option program. 
4: Now you can change the icon. 

How to delete the icon 

1: Choose the icon which you want to delete. 
2: Press right button of the mouse 
4: Select delete option and click it. 
5: Choose YES option and click it. 

How to restore the icon through 
Recycle Bin 

1: Double click Recycle Bin icon. 
2: Select which items you want to restore, click it. 
3: Select file option and click it. 
4: Select restore option and click it. 
5: Select file option and choose close option and 
click it. 

How to load the software 

1: Choose the option Start. 
2: Select Run option and click it. 

Ravi Viswanathan (email: raviviswom@hotmail.com): Computer Systems...and the WWW 

mailto:raviviswom@hotmail.com


3: Choose Browse option and click it. 
4: Select Desktop option and click it. 
5: Choose the drive from which vou want load. 

How to start and use WordPad 

1: Select Start button on the taskbar and click it. 
2: Select Program option from the menu, click it. 
3: Select Accessories from the sub-menu and click 
it. 
4: Select WordPad from the menu, click it. 

The Wordpad application gets launched and you 
see the program window of WordPad. 
Type the foUowirig paragraph: 

The ICAR is an autonomous apex national 
organisation registered as a society which plans, 
conducts and promotes research, education, train­
ing and transfer of technology for advancement of 
agriculture and allied sciences. The ICAR was set 
up on 16 July 1929 on the recommendations of the 
Royal Commission on Agriculture. It ^vas re­
organised in 1965, and again in 1973. Over the }'ears 
it has developed a large research and training in­
frastructure to work on the production and other 
emerging problems confronted in agriculture to 
meet the growing demands for food, fodder fibre 
and fuel. It operates through 45 Central Research 
Institutes, 4 National Bureaux, 10 Project Director­
ates, 30 National Research Centres, 90 All India Co­
ordinated Research Projects, 261 Krishi Vigyan 
Kendras and 8 Trainers Training Centres. 
After finishing this paragraph 
5: Select file option from the WordPad and click it. 
6: Select Save as from the file menu and click it. 
7: Give the name ectraining and select ok button. 
Vie file gets saved as ectrainiyig. 
S: Select close option and click it. 

How to start Paint 

1: Select Start button on the taskbar and click it. 
2: Select Program option from the menu, click it. 
3: Select Accessories from the sub-menu, click it. 
4: Select Paint from the menu and click it. 
5: Draw some picture as you like and save it. 

How to switch over between 
programs 

1: Start WordPad program as explained above. 
2: Start Paint program as explained above. 
3: Select the Paint on the lower taskbar and click it. 

The Paint program maximizes and is active. 
4; Click WordPad on the taskbar. 

The WordPad window comes onfall screen. 
OR: Use keys Alt + Tab combination to switch be­
tween Applications and documents appearing on 

• \ 

the taskbar, which are active on the desktop. 

How to open documents quickly 

1: Select start button on the taskbar and click it. 
2: Select Documents from the menu and click it. 
3: Select the documents, which you want to open 
and click it. 

' How to start Calculator 

1: Select Start button on the taskbar and click it. 
2: Select Program option from the menu, click if. 
3: Select Accessories from the sub menu, click it. 
4: Select Calculator from the menu, click it. 
5; Calculate the value of the following items: 

Add: 9456,1232, 876 and 90. 
Subtract: 4567from 6789. 
Multiply: 345 and 456. 
Divide:' 4500 by 200 

How to start Windows Explorer 

1: Click the start button. 
2: Select Programs from the menu and click it. 
3: Select Windows Explorer and click it. 

How to switch over between 
IVIS-DOS prompt to Windows 95/98 

and vice-versa 

1: Click the Start button. 
2: Select Programs from the menu and click it. 
3: Select MS-DOS Prompt and click it. 
4; To return T)'pe Exit then Enter. 

How to find a file or a folder 

1: Click the Start button. 
2: Select the Find opdon from the menu. 
3: Click Files or Folders from the list. The Find dia­
log box appears. 
4: Click the named field and t}'pe the name of the 
file or your folder you want to locate. 
5: Type the drive or Directory name from where 
the search will Begin. 
6: Click Find Now. 
7: On Finding all files corresponding to the name 
specified, a list showing their locations will be listed 
in the dialog box. 
Please find a file named ectraining on your com­
puter . 

How to format a floppy 

1: Double click My Computer icon from desktop. 
2; Select which floppy you want to format it 
3: Press right button of the mouse. 
4: Select Format option from the list. 
5: Select Start option from the menu.ffl 
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World Wide Web Virtual Library 

Do you have any questions? Please ask me: 
raviviswom@hotmail .com 

This site has been compiled from different sources. I acknowledge their 
contribution. 

i ! Ag Sites Around the3Yorld,clickable maps from IPMnet 

I Ag-related Newsletters, periodicals, and electronic textbooks 

r i s i t e s l n theU. S. 

® W\\iV\^yirtuai Library_^ites Releviint to AgrLcuiture 

© W\NAV Resources Relevant to Agriculture 
Links and Databases 

@ Extension WWW Coordinators and Servers 

© Agricultural/Environmental Safety Information 

0 Global Crop Pest Identillcatipn and Info_rmation_Scrviccs_(froni Cornell, 
under construction) 

0 Cornell's Mann Library - USDA reports and statistics from ERS and NASS 

@ The National IPM Network for University-based information 

© Horticultural Information 

WWW Virtual Library Sites Relevant to Agriculture 

LJ Agricu Ijt u r a lEcp n pjn i cs 

Agricultural M a r ket J n form at ion 

L J Bcer_& Brewing 

I (Biological Control Virtual Information Center 

http://nicnibcrs.!ripod.com/ravivis\vonib ngriwvvw.htni 6/5/99 
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Bioscicnccs Index 

Biotechnology 

Fish., and other Aquatic Animals 

Entomology 

Forestr\' 

® Forest Genetics and Tree Breeding 

© Soils and Substrates 

• Gardening 

— Grains Specialty Library 

IrLigatioiLajidJHydrology 

, Livestock 

Plant Biology 

Population Ecology Home Page 

Poultry Science Virtual Library 

Ll- Sustainable Agriculture Virtual Library 

\"eterinary Medicine 

_ \ V o o i 

Resources Containing Lists of WWW Sites Relevant to Agriculture 

! I Agriculture Network Information Center (AgNIC) 

1 Agricentra! 

Agricultural Econ_omi£ Recoverji& Development Initiative 

^ Agbiotech_Onlinc - Information Systems for Biotechnology (NBIAP) 

! ! Agricultural/Environmental Links - Joe Walker 

l.I_ Agriculture (Engineering & Technology from EINet Galaxy) 

hUp://nicmbcrs.lripod.com/raviviswomb/agri www.htm • 6/5/99 
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^̂ A<4ncuJtiirc Home Page - Links from FSU 

I I Center for Integrated Pest Managcrncnt an NSF Industry/University Cooperative 

Research! Center 

• I Cybcrstacks - Agriculture 

, Dryland Cropping Systems Information System from Washington State University 

i En to m 01 og>i I nternet Resource List at Iowa State Unive r s i ty 

^ Farmer's Guide to the Internet 

I Florida AgriGator Agriculture and Related Information. 

INFO.MINE A long listing of sites including many international sites. 

Mot;hj?r_of all B̂ BS Agriculture 

. ' National Agricultural Pest Information System (iVAPIS) 

; : National Biological Control Institute 

National Integrated Pest Management Network An Expanding Network of IPiM 

Information. 

L_. National IPM .Materials Database 

. Not Just Cows: A guide to Internet/Bitnet Resources in Agriculture 

' ! Pjantjjnd Jjiscct PaiiasJiicjVematodes 

LJThc Plant Pathology Internet Guide Book, a resource guide for phytopathology 
and related fields 

Science and Agriculture from Yahoo 

L J Soil iMicromorphologv 

L J Vct/Mcd Links from Auburn University - Co lie gej) f Vetcri nary Scienc e 

Horticultural Information 

I I AG_^RPP(1LIS. Non-technical Texas A&M information on gardening, agriculture, 
environment, and home and family living 

D G and G \V\V\\" Page - A Good Resource for Botanical Gardens and Gardening 

http:Vnicmbcrs.tripod.cc)ni ravi\-is\vomb/agri\v\vw.hlm 6'5/99 
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Resources. 

• Anicricmi B:iml)oo Sociefy 

Florida Plants Online 

I ' I Glossary of Botanicarrerms 

Horticulture and Home Pest News from Iowa State University 

Horticulture in Virtual Perspective 

D Te.xas_A&>l JJnive_rs_it>ij:_ELeRLotHpiiiciilturaLSc^^ 

I (Horficiilfurc and iMolccularBiolpgy 

INFO.MINE Biological, Agricultural and Medical Resources 

I iNortlnvest Berry &_Grape InfoNct 

i ' Pukciti Rhododcndron Trust (New Zealand) 

Rhododendron P_age 

! I Royal Botanic Gardens <Ii Tyler Arboretum 

Q US^DAiARS_\:egetable Lab 

Do you have any questions/ Please write: 
raviviswom@hotmaiLcom 

Ravi Home 

The web counter says you are visitor 

Bcick U) lop 

htlp://mcmbcrs.tripod.com.'ravi vis womb/agri www.htm r•.'̂ 'CHl 
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IPMnet 
Agricultural Servers Worldwide 

Click on the map for specific regions. 

I Africa | Asia/Pacific | Australia/NZ | Europe | Latin America [ Middle Asia | US/Canada 
Multinational | 

If you have a site you would like to add, please contact CICP. 

Multinational 

• AgNIC - Agriculture Network Information Center, from the U.S. Department of 
Aghriculture 

• Alert-Pest.net Pest Information links 
• CAB IntemationaJAgricuitural information and databases 
• Global Crop Protection Federation 
• Inter-American Institute for Cooperation on Agriculture - IICA 
. PEST CAB Web from CAB INTERNATIONAL. 
• CLIMA - Centre for Legumes in Mediterranean Agriculture 
• Center for Tropical Pest Management 
• CGIAR Consultative Group on International Agricultural Research 

o CGIAR System-Wide Programme on IPM fSP-IPM) 
• Organisation for Economic Co-operation and Development 
• Food and Agriculture Organization of the United Nations 

o FAQSTAT - FAO multilingual agricultural statistics database 
o Sustainable Deveiopment Dimensions from the FAO Sustainable Development 

Department 
• Global Crop Protection Federation 
• International Fund of Agricultural Development 
• IPM Bulletins of the European IPM Working Group This is a WEB posting of IPM 

information for and involving developing nations. 
• IPMnet a WWW site with IPM information and ser\'ices for developing countries 
• Organization for Economic Cooperation and Development 
• Third World Academy of Sciences 

TWAS supports research and technologists in developing countries and development 
international collaborative initiatives to enhance the science base for sustainable 
development. 

• United Nations Food and Agriculture Organization 
• USAID IPM CSRF 
• USDA Foreign Agricultural Service 
• WorLd_Bank 
• World Health Organization ^ - -

International Agricultural Research Centers 

htlp://ww\v. ipmnct.org/countries/intcmational.html 6/5/99 
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CATIE Centro Agronomico Tropical dc Invcsligacion y Enscnanza (en Espanol) 
CIMMYT - Centra International de Mcjoraniicnto de Maiz y Trigo (international Maize 
and Wheat Improvement Center 
International Centre for Insect Physiology and Ecology (ICIPE) 

http://www.ipmnct.org/countnes/infemational.html 6/5/99 
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IPMnet 
Asia and Pacific Islands 

Click on map for atiother specific region, or here to world organizations 
i Africa | Asia/Pacific | Australia/NZ | Europe | Latin America | Middle Asia t US/Canada | 
Mujivnational j 

If you have a site you would like to add, please contact CICP. 

Pan-Asian 

Asia-Pacific Crop Protection Association 

Asian Vegetable Research and Development Center 

"China Agriculture/Food - From Hong Kong Small Trader's View 

South East Asian Ministers of Education Organization's Regional Center for Graduate Study and 
Research in Agriculture 

Food and Fertilizer Technology Center - An information Center for small-scale farmers in Asia. 
Collects and disseminates technical information on new low-cost technology to help improve' 
yields and fanners' incomes. Southasia.net - Agriculture - links to southasia ag and commodity 
information 

Bangladesh 

AgriNet^ Bangladesh 

China 

Beijing Agricultural University 
China Agricultural Weekly from ChinaWeb 
IPM China from the Institute of Plant Protection, Chinese Academy of Agricultural Sciences 

India 

pioneer entciprisc eco-friendly and safer alternatives (Bombay) 

Indonesia 

http.7Avww.ipninct.org/countries/nsia.html 6/5/99 

http://Southasia.net
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Sustainable Development Nct\vorking_ProgramiTic 

Japan 

Japanese Dairy Cattle Improvement Program 
National Institute AgroEnvironmental Science of Japan Satellite Image Catalog and Lotus Flower 
Image Index 
National Institutes of Ministry of Agriculture. Forest 

http;//w\v\v.ipmnet.org/countrics/asia.htm], 6/5/99 
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AgriNet Bangladesh 
Your Online Guide to Bangladesh Agriculture 

Welcome to Bangladesh Agriculture. This site is devoted to understanding and promoting knowledge about 
agricultural and rural development process in Bangladesh. Everybody is welcome to contribute ideas, thoughts, 
news, and views related to the agricultural and rural development in Bangladesh. This site is updated every Sunday. 

BAU Alumni Registry 

BRRI develops 8 new HYV rice 

BAUNET Discussion Forum 

® Introduction 
€1 Research instirutcs 
ft Journals 
ft Meet the Press 
ft Experts' Directory 
ft- Links to Other Pages 
ft BAUNET News 

ft Educational Institutes 
ft Dear Policy Makers! 
ft .Agri. News 
ft Open Forum 
ft Features 
ft. South Asian Agriculture 
ft Uttam's Homepage 

Fellowships, Jobs, Grants and Conferences for Agriculturists 

Bengali Calendar for 1405 (Bangabada) 

Thank you for visiiing us. Your suggestions and comments are appreciated. Please submit your suggestions and 
comments about the AgriNet Bangladesh to the Webmaster. 

a 
LinkExchangc Member 

http.7/menibers.tripod.com/~UTTAMDEB/ 6/5/99 

http://http.7/menibers.tripod.com/~UTTAMDEB/
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AgriNet Bangladesh 

Introduction to Bangladesh Agriculture 

Bangladesh is one of the South Asian countries. It is located in the north eastern part 
of the South Asia between 20 degree 34" and 26 degree 38" north latitude and 88 
degree 01" and 92 degree 41" east longtitude. You can see from the map of 
Bangladesh that the country is bordered by hidia in the north and west, by hidia and 
Myanmar in the east and by the Bay of Bengal in the South. Dhaka is the capital of 
Bangladesh. To see the map of Dhaka City click here. You may be interested to see 
today's weather in Dhaka. Total population of the country in 1995 was about 128 
million. 

The Bangladesh economy largely depends on agriculture. About 40 percent of the 
gross domestic product (GDP) of Bangladesh comes from agriculture which employs 
60 percent of the labor force and contributes about 60 percent of the total export 
earnings of the country. 

A substantial amount of internet resources about the general features of Bangladesh 
are now available. You can use these resources free. World Bank has a page entitled 
Banuladesh . The Fourth World Documentation Projec! contains information on 
development aspects. The dex'elopment information ser\'ices online (DFA'LISE' from 
the Institute of Development Studies and the British Library for Development Studies, 
Sussex, UK contains some information (smdies) on Bangladesh. CIA has its own view 
about Bangladesh which can be seen in The World Fact Book Page on Bangladesh 
mantained by CIA. Library of congress has very informative Bangladesh-A Case 
Study . If you are interested about the flooding of Bangladesh then you can read The 
Flooding of Bangladesh maintained by the Earthbase. The Waikato Universit}- of New 
Zealand is conducting reasearch on The Green House Effect and Climate Change: The 
Implications for Bangladesh . 

There are several news papers in the internet which provides daily news from 
Bangladesh. The Daily Star is the first daily newspaper in the internet from 
Bangladesh. Another daily newspaper from Bangladesh is Tlic Independent. You can 
see also News From Bangladesh which provides daily internet news. Dhaka-
Bangladesh Web's News can also meet your demand to provide the news about recent 
events. Bengali news papers and magazines like Daily Ittefaq and .lai .lai Din have 
their own web page. You can also read Some Poems in Bengali Script(!) or hsten some 
Bangla music, available m the web. 

To have a FREE online tour to Bangladesh agriculture, you must seeAuriXci 
Bangladcsli . You can also read Introduction to Bangladcsli and its Agricuttur. 
provided by ICPPGR of the FAO. 

If you are intersted to know about the Hberation war of Bangladesh then visit 
Bangladesh Liberation War Museum maintained by Shamim Chowdhury from USA. 

http://members.tripod.com/'-UTTAMDEB/intro.html 6/5/99 
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You must see Dhaka 71 to have an understanding of the cruelty of the Pak Army and 
their collaborators in 1971. Kathan's 1 lomcpage has also a collection of Holocaust'? I 
moving pictures and a comprehensive page on culture and tradition of Bangladesh. 

Cyber Bangladesh is another nice informative website maintained by Ishtiaque 
Ahmed. Moreover, you can visit Banukidesh Online for many other things in 
Bangladesh. 

Have a look at Bangladesh from agroclimatoiogical point of view—provided by 
Earihrise: 

. Brahmaputra River Valley. CL (50580 bytes). 

. Mouth of Ganges. CL (59508 bytes). 

. Mouth of Ganges. CL (72830 bytes). 

. Pan-Mizo Hills. Ganges Delta (27442 bytes). 

. Pan-Mizo Hills. Ganges Delta (29170 bytes). 
• Pan-Mouth of the Ganges (32942 bytes). 
. Pan-.Mouthofthe Ganges (40089 bytes). 
• Brahmaputra River Plain (35153 b\tes). 
• Brahmaputra River Plain (37165 bytes). 
• Brahmaputra River Plain (39835 bytes). 
. Ganges Ri\-er Delta (37231 bytes). 
. Ganges River Delta (32148 bytes). 
. Megna River Mouth (38216 bytes). 
• Mouth of Ganges. Haze (27722 bytes). 
• Mouth of Ganges. Sediment (55052 b>1;es). 
• -Mouth of Ganges, Sediment (53235 bytes). 
• Ganges Ri\'er (65423 bytes). 
• Ganges Ri\ er (65778 bytes). 
• Ba\ of Bengal. Sediment (49773 bytes). 

Back to Main I'aiie 
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News About Bangladesh Agriculture 

BRRI develops 8 more HYV of rice 

Bangladesh Rice Research Institute (BRRI) has developed eightmore high-yielding varieties of 
rice, six of them are expected to be released for commercial cultivation by the next year. The 
other two fine quality of aromatic rice are new awaiting the concerned authorities' approval to go 
for cultivation at field level. 

Director General of BRRI Dr. Hamid Mia disclosed this to a group of journalists who went to 
visit the BRRI at Gazipur on Friday. 

Dr. Hamid Mia said BRRI has so far released thirty-one high-yielding Modem Varieties (MVs) 
of rice, twenty-one of these are suitable for cultivation in the aus and boro seasons and ten in the 
transplant aman season. 

The scientists at the BRRI opposed the idea of some imported hybrid varieties of rice for massive 
cultivation's at field level because the experimental cultivation of those varieties at BRRI's 
different stations has failed to give optimum results. The countr}' needs hybrid varieties to come 
with the increasing demand of food-grains but such varieties would not be suitable unless those 
are developed on the basis of local agro-ecological and climatic situation, they observed. 

It is. learnt that recently the government had allowed some private firms to import hybrid varieties 
of rice seeds for field cultivation but without a proper laboratory test it would be risky to release 
those varieties for massive field cultivation. Some hybrid varieties were examined by BRRI, but 
only a single variety (CNSGC 6) was found suitable for cultivation. 

When asked BRRI DG Dr. Hamid Mia said the success of hybrid varieties depends on their 
yielding, capacity in comparison with the local popular ones, quality of rice and the benefit of 
peasants. It should be wise to take into account of these issues before release of those hybrid 
varieties for massive cultivation's a field level. 

He informed the journalists that BRRI was continuing its research activities to develop hybrid 
varieties and hoped that BRRI scienfists would be able to release hybrid varieties suitable to local 
agro- ecological and'climatic situations. 

The BRRI is continuing its research to reach the target of producing 2.50 crore metric tons of 
crops across the country by the year 2002, BRRI sources said adding that some 1.86 lakh tons of 
paddy had been produced in 1997-98 fiscal by using its 35 varieties of high yielding seeds. 

According to sources, the BRRI has developed 101 paddy related technology including 35 
varieties of high yielding paddy by conducting massive research programmes from its inception 
in 1970, sources said. The RBBI has been able to reduce about 50 per cent wastage of paddy from 
harvesting to stockpiling every year after introducing the developed technology, BRRI officials 
said. 

The sources said, BRRI entomologists have identified 175 species of rice insect pests, 99 species 
of parasites and 88 species of predators. Besides, thirty-one diseases have been identified. 

htfn://members.tripod.com/~UTTAMDEB/news/news.html 6/5/99 
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The BRRJ plant pathologists have developed screening methods for major diseases and have 
identified over 9,000 spruces of resistance, over 7,000 germplasms, of which about 5,000 are 
local, have been collected and preserved by BRRI plant breeders, BRRI sources said. (Courtesy: 
Dhaka-Bangladesh News). 

Four-day BRRI internal meet begins 

Four-day BRRI internal meet begins Farmers get much less yield from modem varieties of rice'A 
four-day annual internal review meeting of the Bangladesh Rice Research Institute (BRRI) began 
in the city at the BRRI auditorium yesterday (27 April), reports BSS. Dr M A Hamid Miah, 
Director General, BRRI inaugurated the view meeting as the chief guest, a BRRI press release 
said. Some 150 scientists and specialists from different research institutes, universities, 
government and non-government organisations including BRRI are participating in the review 
meeting. In his opening comments, Dr M A Hamid Miah stressed the need for renewing 
agricultural research management and pursuing integrated approach to develop sustainable rice-
based food production technologies and strengthening their rapid extension to ensure balance 
food security for the people. He said, "our farmers get much less yield from the modem varieties 
of rice than their actual yield potential and we should work relentlessly at the grass-roots to 
reduce this gap." He also stressed the need for introducing appropriate farm machinery to meet 
the shortage of agricultural labour force. Among others, Dr S M Hasanuzzaman, former member, 
the Planning Commission and former Director General (DG), BRRI, Dr A J M Azizul Islam, 
former DG, BRRI, Dr M A Majed, DG, the Bangladesh Agricultural Research Institute (BARI), 
Dr S I Bhuiyan, IRRI representative in Bangladesh, Dr Isuyomi Mizuochi, representative, the 
Japan International Cooperation Agency (JICA), and Zhou Kunlu and Wu Xiaojin, hybrid rice 
specialists from China attended the session. In total 26 reports on last year's research activities of 
17 research divisions and nine regional stations will be presented for discussion and 
recommendations. (The Daily Star). 

'Civilisation can't survive if agriculture collapses' 

MYMENSINGH. Apr 18: Bangladesh Agricultural University today conferred honorary DSc 
Degree on the world renowned agriculture scientist and Nobel laureate Dr Norman Ernest 
Borlaug, reports UNB. Prime Minister Sheikh Hasina handed over the certificate of the degree to 
Dr Borlaug at a function at the Shilpacharya Zainul Abedin auditorium of BAU this moming. The 
conferment of the degree was arranged through the first special convocation of BAU. Earlier, the 
Prime Minister led the convocation procession joined by 384 BAU teachers, including the Vice-
Chancellor. Recalling the contribution of Dr Borlaug, the Prime Minister felicitated the Nobel 
laureate for his lifelong service for the cause of world peace and human welfare. "Bangladesh 
owes in particular among the beneficiaries to your genius in respect of HYV wheat cultivation," 
she said adding that "Bangladesh aspires to attain the goal of self-sufficiency in food". Dr 
Borlaug thanked the Prime Minister for giving him the honour and said civilisation of a country 
cannot be sustained if its agriculture collapses. Dr Borlaug is called the pioneer of'Green 
Revolution' for developing HYV wheat. In her address Hasina also called upon the agricultural 
scientists to pay more attention in innovative work to bring the crop production system and 
management into a modem standard keeping pace with the changeable climate and weather. "Any 
technology we develop must be compatible with the agro-ecological and socio-economic factors 
of our country," she told the agri scientists. The Prime Minister said agriculture, which accounts 
for about one-third of the GDP and employs about two-thirds of the labour force, has been 
playing a dominant role in the process of economic growth of the country and this trend will 
continue in the foreseeable future. Referring to country's rich natural resources, like fertile soil, 
rich water bodies, abundant sunshine and moderate temperature and rainfall. Sheikh Hasina said 
it is unfortunate that we have not yet reached the desired level of development even after having 
phenomenal success in boosting cereal production like paddy through adopting HYV technology. 
Sheikh Hasina said an Agricultural Commission has been working for the formulation of an 
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agricultural policy encompassing crops, fisheries, livestock and forestry sub-sectors adding that 
the implementation work of the already announced new Agricultural Extension Policy has started 
functioning. Referring to the 30-year Ganges Water Sharing Treaty, the Prime Minister said it has 
created immense potentialities to develop and manage water resources for rapid improvement of 
irrigation, inland navigation, fisheries, afforestation and the ecology. The Prime Minister also 
lauded the role of the BAU in the development, propagation and transfer of appropriate agro-
technologies in the country and hoped that the university will take more and more research 
activities in order to innovate and improve the species of economically important crops following 
the deals of Dr Borlaug. (The Daily Star) 

Agri-scientists urged to devote themselves in cereals' research 

Nobel laureate agronomist Dr Norman Ernest Borlaugh has urged agricultural scientists to devote 
themselves in research work on cereals in the wake of population boom in various countries of 
the world. Dr Borlaugh, who has been confered with honorary D.Sc. degree by Bangladesh 
Agriculture University, was addressing a gathering of 500 scientists at Bangladesh Agricultural 
Research Institute (BARI) at Gazipur recently, says a press release. Agriculture and food advisor 
to the Prime Minister, AM Anisuzzaman, attended the function as chief guest. Besides, executive 
chairman of Bangladesh Agriculture Research Centre (BARC), Dr Z Karim, DG of BARI, Dr 
MA Majed, DG of Bangladesh Rice Research Institute, Dr M A Hamid Mia, director and advisor 
of Wheat Research Centre Dr MA Razzak and Dr Craig A Meisner also spoke at the function. 
(The Daily Star) 

Hilsha exports drop by 50 pc 
By Govinda Shil 

Export of hilsa fish would decline significantly this year as its major international buyers have 
shifted from Bangladesh to other Asian countries. Exporters might lose Tk 150 crore as hilsa 
trading would decline by about 50 per cent, to 5,000 tonnes, exporters said. According to 
Bangladesh Frozen Foods Exporters Association, some 2,000 metric tonnes of hilsa remained 
unsold for one year which had been kept in different cold storages. Prices of hilsa in some 
countries were low when harvests from the Bay of Bengal declined making it costlier, exporters 
explained. Revenue from Bangladesh's export of hilsa. the most popular fish among the Bangalis 
abroad, has been recorded at Tk 300 to Tk 350 crore annually in recent years. Malaysia was the 
top buyer, fish followed by the UK, the Middle East and EU countries and the US. Malaysia 
bought 2,000 tonnes of hilsa last year. "Malaysians have stopped buying our hilsa, because of 
their recent financial turmoil that made US dollar costlier for them," said Maqsudur Rahman, a 
top hilsa exporter. Traders also said hilsa catch declined due to water pollution in Kamafuli 
estuary in the Bay. Kamafuli Urea Fertiliser and Chittagong Urea Fertiliser were causing the 
pollution, they alleged. According to them, the water pollution has driven much of the hilsha 
population to neighbouring Naf river. As a result, the Myanmar fishermen are reaping the benefits 
and, naturally, offering low prices. (The Daily Star) 
Jute production to fall by 30 pc next season 

The overaU jute production of the country was reviewed at a meeting of the Jute Advisory 
Committee here yesterday with the State Minister for jute, A K Faezul Huq in the chair, reports 
BSS. An official handout said the meeting was informed that the jute production will be 30 per 
cent less during the forthcoming season compared to die last season. About 64 lakh bales were 
produced in the country during the last season. The country will produce about 45 lakh bales of 
raw jute during the forthcoming season against its normal demand of about 50 lakh bale, the 
meeting was further informed. The State Minister who is also the Chairman of the Jute Advisory 
Committee said, the government will continue its efforts to protect the interest of the jute 
growers. He sought allout cooperation of all concerned to ensure fair price of raw jute and keep 
the price stable. The private jute traders have demanded to bring the Bangladesh Jute Research 
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Institute (BJRI) under the Ministry of Jute for better coordination. They appealed to the 
government to sanction working capital in the jute sector on time and reduce the rate of bank 
interest in other sectors like frozen food, garments and leather goods. The meeting was attended, 
among others, by the Secretary of the Ministry of Jute Mahflizul Islam, Chairman of BJMC Abu 
Osman Chowdhury, Chairman of Bangladesh Jute Association (BJA) Abdur Razzak Akhand and 
its Vice Chairman Rezaul Karim, Chairman of Bangladesh Jute Exporters Association (BJEA) 
Giasuddin Ahmed, Chairman of Bangladesh Jute Spinners Association (BJSA) Nazmul Huq, 
Chairman of Bangladesh Jute Goods Association (BJGA) Mohammad Ali, former president of 
FBCCI Abdul Wahab and representatives of concerned ministries, banks and trade bodies. (The 
Daily Star) 

^grinet Bangladesh 
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USDA Vegetable Laboratory 
Beltsville Agricultural Research Center, Beltsville, Maryland 

The mission of tlie Vegetable Lab is to genetically improve the quality and pest resistance of 
vegetables and develop more efficient production practices. Through traditional breeding 
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DIVISION OF EXTENSION,COMMUNICATION AND TRAINING 
CENTRAL RICE RESEARCH INSTITUTE 

CUTTACK 753 006 

HATIONAL TRAINING PROGRAMME OH 
RICE BASED CROPPING SYSTEMS 
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DAY-TO-DAV SCHEDULE. 

Day/Date/ 
Time 

Topic Resource Scientist (S) Mode of 
Presentation 

iMondav (02.08.1999) 
10.00 Registration and pre-knowledge test 

10.30 1 Inauguration 
11.00 

12.00 
14,00 

15.15 
15.30 

Rice and rice based crops in different 
ecologies 
Lunch Break 
Identified cropping and farming systems 
in eastern India and their suitabilit}' to 
different ecologies 
Tea Break 
Visit of display hall 

Shri A.K.Mohanty and 
Dr. B.T. Ravudu ' 
Director of Agrii. Govt, of Orissa 
Dr. K.C Mathur/ 
Dr.P.R.Reddv 

Dr. K.P. Jha 

Dr.B.T.Rayudu 

Theory^-cum-
discussion 

Theory-cum-
discussion 

Visit 
Tuesday (03.08.1999) 

09.00 

10.15 _^ 
10.30 

12.00 
14.00 

15.15 
15.30 

Wednesday < 
09.00 

10.15 
10.30 
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14.00 

15.15 
15.30 

Integrated nutrient management of rice 

Tea Break 
Effect of soil physical environments in 
rice based cropping systems 
Lunch Break 
Role of green mannuring in rice based 
cropping system 
Tea Break 
Bio-fertilizers in rice cultivation-problems 
and perspectives 

Dr. D. Panda 

Dr. K. R. Mahato 

Dr. S.P. Chakravarthy 

Dr. D.P. Singh 

Theory-cum-
discussion 

Theory-cum-
discussion 

Theory-cum-
discussion 

Theory-cum-
nethouse 

visit 
04.08.1999) 
Integrated weed management in rice 
based cropping systems 
Tea Break 
Integrated disease management in rice 

Lunch Break 
Skills in integrated v rice insects pest 
management 
Tea Break 
Integrated pest management in rice based 
cropping systems 

Dr. B.T.S. MooTthy 

Dr. Santosh K. 
Mohanty 

Mr. R.C. Dani 

. 
Dr. K.S. Behera 

Theory-cum-
discussion 

Theory-cum-
discussion 

Theory-cum-
discussion 

- -
Theory-cum-

discussion 



Thursday (05.08.1999) 
09.00 

10.15 
10.30 

12.00 
14.00 

15.15 
15.30 

Agronomic management of hybrid rice 

Tea Break 
Hybrid rice technology-problems and 
perspectives 
Lunch Break 
Rice technologies for rainfed ecosystems-
problems and perspectives 
Tea Break 
Water management practices of rice and 
rice based crops 

Dr. K.S. Rao 

Dr. S.N. Radio 

Dr. J.N.Reddy 

Dr. P.C.Mohapatra 

Theory-cum-
discussion 

Theory-cum-
discussion 

Theory-cum-
discussion 

Theory-cum-
discussion 

Friday (06.08.1999) 
09.00 

10.15 
10.30 
12.00 
14.00 

15.15 
15.30 

Rice-fish system in rainfed lowlands 

Tea Break 
Rice-fish system in rainfed lowlands 
Lunch Break 
Feasibility of farm mechanisation for 
RBCS 
Tea Break 
Visit to Engineering workshop 

Dr. D.P. Sinliababu 

Dr. D.P. Sinhababu 

Dr. R.S. Devnani 

Mr. A.K. Choudhury 
/Dr. P.N. Mishra 

Theory-cum-
discussion 

Field visit 

Theory-cum-
discussion 

Practicals 

Saturday (07.08.1999) 
09.00 

10.15 
10.30 

12.00 
14.00 

15.15 
15.30 

Utilisation of residual mositure for rice 
based crops 
Tea Break 
Role of motivation in human life 

Lunch Break 
Computer systems for information 
retrieval and exchange, and the WWW^ 
Tea Break 
Computer systems for information 
retrieval and exchange, and the WWW 

Dr.Amal Ghosh 

Dr. M. Venugopalan 

Mr.Ravi Viswanathan 

Mr.Ravi Viswanathan 

Theory-cum-
discussion 

Theory-cum-
discussion 

Theory-cum-
discussion 

Practicals 

Sunday (08.08.1999) 
08.00 -
17.00 

Visit to farmers fields to identif)' rice 
based cropping systems 

Mr.A.K..VIohant}', 
Mr.A.C.Hota and 
Mr.J.Navak 

Practicals 

Monday (09.08.1999) 
09.00 
10.15 
10.30 
11.00 

Visit to' laboratories and nethouses 
Tea Break 
Post evaluation 
Valedictory 

Mr.A.K.Mohanby' 

Dr. B.T. Ravudu 
Director, CRRI 

The Joint Director, all Heads of divisions and resource scientists of this course are 
cordially invited for inauguration and valedictory functions. W^r 

(M. Venugopalan) 
Course Co-ordinator 

Copy to: 
Joint Director 
All heads of divisions and resource scientists 



Nktionai Training Programnte on 
'Rice-based cropping system' 

02-09 August,-1999 

LIST OF PARTICIPANTS 

1. Kulamani Mishra 
Water Management Specialist 
Deputy Director of Agriculture (GR) 
Berhampur 
Dist. Ganjam 
Ph. 202239 (O) 

Chandrashekliar B. Chintalwar 
Mandal Krushi Adhikari 
Saoli, Taluka-Saoli 
Dist. Chandrapur, Maharashtra 
Ph. 0712-749781 

R. Aral Mohan 
Agricultural Officer (Agronomy) 
O/O The Assistant Director of 
Agriculture 
Bhoothemondy, Kanyakumari Dist. 
ADA, Nagarwil 313011 
Tamil Nadu 
Ph. 04652-26727 

Ratnakar W. Yewale 
Circle Agril. Officer 
C/o Taluka Agril. Officer 
Bhandara Dist. 
Maharashtra 
Ph. 0712-225867-226643 

3. R. Periaswamy 
Assistant Director of Agriculture 
(Information) Farmers Training Centre 
Bhavaiu, Erode District 
Tamil Nadu 
Ph. 04288-62676 

10. D. Jayachandran 
Asstt. Director of Agril. 
Asstt. Director of Agril. (Coconut) 
F.I. Visitors Road, Neyveli 607 801 
Cuddalore Dist., Tamil Nadu 
Ph. 04364-72532 (R) 04142-30658 (O) 

N. Raja Rajan 
Agricultural Officer 
Deput)' Director of Agriculture 
Farmer Training Centre 
Kanchipuram 
Tamil Nadu 631 502 
Ph. 04112 (R) 31732 (O) 

11. R. Nallusamy 
Agricultural Officer (PG) 
O/O The Joint Director of Agril. 
Trichirappalli 620 020 
Ph. 0431-420554 

5. Kelu Charan Behera 
Water Management Specialist 
O/O the Depuh' Director of Agril. 
At/Po/Dist. Balasore 
Ph. 0674-460447 

12. Sarat Chandra Das 
Agronomist 
Addl. District Agril. Officer 
Rairakhol, Po. Rairakhol 
dist. Sambalpur (Orissa) 
Ph. 06644-54234 

Shreelekha Hazarika 
Technical Assistant 
Directorate of Agril., Assam 
Khanagar, Guwahati 781 002 
Ph. 562215 (O) 

13. Laxmi Dutta 
Agril. Extension Officer 
District Agril. Office 
Ram Krishna Mission Road 
Assam 781 002 
Ph. 547798 (O) 

7. Biswanath Bhandar Kayastha 
Subject Matter Specialist (D/L) 
District Agril. Officer 
Dhubri, Assam 
Ph. 03662-21886 

14. Rabi Narayan Satapathy 
Water Management Specialist 
O/O The Deputy Director of Agril. 
Cuttack (Orissa) 
Ph. 0671-642654 (O) 642132 (R) 




