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Foreword

HE 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 vears has made it possible to harvest
rice eariier, 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 water- 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 frainees can get information
on the internet for their use.

d 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 trainees.

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

] . ﬂ}“/
(K.C. Mathur)

Director

' Central Rice Research Institute
Indian Council of Agricultural Research

Cuttack (Orissa) 753 006
India



Preface

HE primary objective of Rice-based Cropping System is to include two or more
crops for increasing; the crop intensity and crop production per unit area and time
without hampering soil fertility. 'This requires selection of right varicties 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 09, August 1999
lor Extension Officers of different states is being held at CRRI, Cuttack.

Dr. K.C. Mathur, Director, CRRI, has indicated the importance of Rice-based
Cropping, Systems for increasing crop production, and its scope for adoption. The
lecture notes included in this training manual by our resource scientists are based on
their experiments and experience in their respective subjects.

I hope that this lecture notes would result in better performance of the task
involved in Rice-based Cropping Systems. | 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. 1 also thank the
Staff Members of the Division of Extension, Communication, and Training, CRRI, for
their wholehearted support and cooperation.

r?ﬂv,/
(M. Vehugoppalan)
Cottrse Coordinator

Principal Scientist and Head

Division of Extension, Communication, and Training
Central Rice Rescarch 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 f

Agricultural production in general and food grain production in
particular are plaving 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 vear 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 important

o Grown as pre-monsoon, monsoon and post monsoon {(summer crop)



¢ Management of many serious biotic stresses during the entire crop growth
period

Rice-based cropping sequences used by farmers in different areas

¢ Rice-Rice-Rice :
e Rice-Wheat-Rice

* Rice-Rice-Legumes/Groundnut

* Rice-Legumes-Rice

¢ Jute-Rice-Rice/Wheat/Potato

¢ Rice-Vegetables/Legumes

* Rice-Wheat-Vegetables/Legumes/Fodder

+ Rice-Wheat

s Rice-Cotton

* Rice-Legumes/Oilseed

B. Rainfed 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 productivity. As a
consequence, 95 high yielding rice varieties has released of which 12 from CRRIL

The concerns

¢+ Management of periodical and terminal drought

* Drought escape and tolerance mechanisms

» Low vield 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 ecology 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 lowlanids

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
CRRIL

The concerns

» Suitable varieties with high vielding 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

e Use of blends both organic and inorganic fertilizers

» Tolerance to pests and diseases

e Rice-fish-different crop farming system

¢ Suitable relav 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 May. 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 ecosvstem are 40 of which 8 from
CRRIL

The concerns

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

o Tolerance to drought at initial crop growth stage

e Maintenance of plant population

e 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.
Generally water level is around one meter and in some cases it may reach up to
3-5 meters. Seedin in March-April may results good yields. The average
productivity is 0.6 t/ha. High yielding rice varieties released so far for this
ecosvstem are only 5

The concerns

» Varieties with high yield which elongate if needed and tolerance to YSB and
Utra 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

There is need to increase rice production and sustain it in all rice growing
environments of the country, giving due emphasis to consolidate the vield 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:

- Increasing rice productivity

- 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 equity

- 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 gams under irrigated ecology and utilise hvbrld
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, hvbrid rice and Boro rice

Improve fertilizer use efficiency

Add/substitute more value crops

Enhancement of production and productivity of rainfed 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.

Cost effective and environment friendly production technologies in all
ecosystem

Integrated pest management (IPM), & integrated weed management (IWM)
and mteorated 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 necessary 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 algso 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 productivitv. Generally, bulk of
fertiliser use on rice has been confined to irrigated area having 45% rice acreage
while rainfed uplands and 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 availabilitv 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 will 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 uniess 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
applicability. Various constraints associated with the production, storage and use
have not allowed large scale use of biofertilisers. Hence, integrated nutrient
supply through 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 {o 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 svstem like integrated rice with fish, poultry,
dairv and mushroom cultivation is another viable concept for sustained
productivity in today's agriculture. Various research results have [ndicated its
advantage over conventional svstem of cropping. For instance ¢onventional
cropping system is susceptible to high degree of risk and uncertainity and
provides only seasonal, irregular, uncertain income and employment to the
farmers. With a view to reduce the risk and uncertainity of income from crop
enterprises and to decrease the incidence of pests and diseases and to reduce the
time lag between investment and returns, it is imperative that the farmers should
include such type of enterprises in their production programme which can
generate year round income regularly. This calls for systems approach in
farming. Moreover, adoption of farming systems also result in better utilisation
of resources, higher and regular income and employment q%porturﬁties
throughout the year. The recvcling of wastes makes the svstem ecofriendly.

FH







OPPORTUNITIES FOR INCREASING RICE YIELD

Dr.J.K. Roy
Joint Director (Retired)
CRRI, Cuttack

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:

Productivitv (t/ha) States

Above 3 Punjab, Tamil Nadu

253 Harvana, Andhra Pradesh, Goa

2-25 Karnataka, West Bengal

1.5-2 Kerala, Uttar Pradesh, Jammu and

' Kashmir, Gujrat, Maharastra, Manipur,
Tripura

1-1.5 Orissa, Assam, Bihar, Madhva Pradesh,

Rajasthan, Himachal Pradesh, Meghalaya,
Mizoram, Nagaland, Sikkim, Arunachal
Pradesh.

To increase production and productivity it is highlv 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 health and water
Tesources.

Yield barriers in rainfed uplands are:

e Drought: Morroberakan, IRAT, CR 143-2-2

* Weeds: Early vigour

e Poor soil: Acidity, P-deficiency, AL-toxicity and NPK-deficiency
» Pysiological: Better translocation from stem to grain after flowering

¢ Panicle/m? (tiller No.): Most affected



Identification and use of suitable donors

Irrigated:  Disease/ pests/sterility

Components for yield improvement in rainfed lowlands are:

Submergence tolerance early/late: Vegetative stages
Donors-FR 134, Khajara, Luni farm

Drought tolerance (Initial stage)

Photosensitivity (Specific time)
Thermo-insensitivity (Floodering)

Iron-toxicity tolerance

Panicle weight type

Stiff straw

Improving physiological efficiency (metabolic processes) are:

Presently-photosynthetic efficiency through increased leaf area and leaf longivity

Desirable improvement: translocation of metabolites, low photo-respiration,
redirecting photosynthetic pathway trom C-3 to C-4 system {enzvmes) and low light
efficiency.

Opportuities 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)
Rainfed lowlands: timely seeding/planting
Deep water: Boro rice
Post-flood: Super fast rice
Export: Basmati rice and non-basmati

]
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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
CRRI, Cuttack

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, mainlv 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 Instituté, 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, intensifving 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 ecosvstems 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 including 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 belonging to villages of Mallipur,
Mangadeipur, Khentalo, Isani Berhampur etc, of Cuttack district had uplands with
fertile alluvial soil having sufficient depth with water-table within 1 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
atter adopting a high-ylelding variety of rice (Annada) and improved variety of
urdbean (T9). By 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 puise 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 system so much that few farmers have taken up comumercial seed production of
tomato.

Irrigated upland

This category of land with irrigation facility of their productiori 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 nce-cucumber—malze (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 of 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 vield.

However when the cost: benefit ratio was calculated rice-cucumber-maize and
rice-maize-cowpea systems gave the highest benefit of Rs. 2.30 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.1 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 Novernber 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 by
sweet potato (Rs. 2.83). 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 bv long-duration rice by the end of December, thus have limited
choice of crops. In Orissa. strav 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
provided 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 (sumumer rice) hence, rice-rice is a very common sequence in
lowlands. In rainfed lowlands, however, rice-greengram gave a net income of
Rs.11,100/ ha.

In the irrigated condition rice-cowpea gave a net return of Rs.24 000/ ha
compared with Rs 12,000/ ha from rice-rice sequence. .o



Tabie §. Yieid and net returns from gifierent Annada rice-based sequences grown on
rainfed uplands {on residual soil moisture} alluvial soil of Mangadeipur, Millipur
Kk during 1294-92,

and khentale vitages of Cuttac

— I —
Crop sequence i Yield ot economic | Netreturn from rabi 1 Total net returns \
: i products (kg/ha) J crop i from segquence {
. } - ) ! (2s. kgihal |
| a— ; : | ey Db 1
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Table 2. Yield of economic produce and net returns from different Annada rice-based crepping sequences in
irrigated upiands of Khentalo, Raghunathpur villages af (Cuttack) during 198+-93 .

Cion asguance Varien, Feruizer dese Yiold of Corsiol Halesiurn Ceatl:
{x3ha) economic culinaian {85 f ha} baneit
. 3:03. KO products {tannes’nal  {Rs 'ha) rata *
T, Aice—raimasmn- [P0 JR e I3 4.5 3430 AT 1135
maize PDR 12 87740 AR 1.5 2TED 12253 » 28533 11218
Ganga & 15060 80 40 000 5o 15602 100
(greon cobs} (112.28)
T, Fice—cucumoer— 814040 a5 T 323 2700 1:1.28
maize Winter Varey 60 45 : 62 20.0 ITAR 0oty v 2T 12,88
Swarna Comeosiie TITED AR 40 000 5ILd TECLD 1309
{green ocps) {1 2.50)
T, Rice=marize~ ET AT AC 4.5 3200 q7en V138
cowpea Swarna Camorsite ST EQ B0 40000 5820 18000 1200
{oreen coog) Y EITIW
Fussiz Sand 0 Ay an 15.0 (!cdanr) ¢

1.0 (seedf} 2 520 7RG 1300
0o 2.80)
T, Rice—ra:masi— B0 40 40 4.£ 2200 ST0C 1:1.33

chal FO=E 32 £21.40 4% 1.5 AT ATETY v QR 2IER 12
P¥i3aimatie £2 40 4D 5.0 2539 B0 1:2.43
{1:2.02)
T, Fce—pclato— £7 20040 4.5 34 708 ?:1.38
3ssame Kult' Trancramyki 1ED 630 40 200 oo 13000 1 23200 1183
Vinayass 14 A2, 320030 .6 I3 5E7 1 1.87
fr:re
T, Aice—round- £2:140 ;40 A5 34050 L7700 L)
nut—munzDent AMS BTN 1E-E4 R I -t 2.0 2L 12000 27T 1208
Pusa — 105 S5 .20 30 0vs PRt ] ERstes] Y250
{t:1.92
[ Fioe— £2 4040 a%n 3200 AT0C ., IR L -]
cringe! Fusg Sorole ooz 1222220 159 2 &1 [t 1:2es
= {1:40.72
T,  Feee—muysiard-, BY1 400 4 45 3209 4703 1138
mungpean Fusa Told B a0 40 1.0 325 FCOD . tETOD 1206
Fusa 05 22030 .20 DB z o LY i) 1250
(1 em

Cost of procuce {Rs; | Fuce 1.8 vo; rawcash 10.0/+5 mauze 0.50/%cob; Sucumber 0.68/%5; covoea 0.4/%g (fodser) and 4.0 %G {seed); bhund; .
2.4/u30 potato 1.0.k5; prouncnul 7.EMg: bl 2,851 mustud 10.45kg and mungbenn $.254g

Frice of feriitzer {Re) © Uten 2.2%%g: single superancrphate 2.29kg, muniols of potnch 4.87/7 end diammeonium ohaso~ale 7.74kg

*Figures in pacentneses ingicals e cricuialed cosl | benels ratio of & pathiculnt oo sysiem
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INTEGRATED NUTRIENT MANAGEMENT IN RICE

D. Panda
Senior Scigntis
Division of Soil Szience & hiciobiology
CRRI, Cuttack 752 005

Ptant nutrient budgeting for India in recent years shows that nutrient removal from scit by

a#f crops far exceeds the supply made through chemical fertilizers, posing a serious threat to
long term sustamnzbility of crop production. Integrated’ nutrient management (INM) achiaved

through combingd use of all possible souices of nutrients such as chemical feililizers, oigani
manures, green manures, ¢rop residues, bioferiiizers and indusiriai wastes and their eficiant
utllizanon. can possioly meet the toial nutrient demands and restora ¢r improve soil heaith
Besides INM can ortimise crop vields, improve quality of cron produce and decrease energy
consumgption in aghsulture,

tong-term use of optimal dosss of N, P and K with FYM or compost improves soil
physical health, incraases rice yield {0.4-0.7 thajcrop) over NPK and results in favourable
balance of availabie nutrients in different soite, Urea . and FYM appiied in aqual proportions an N

i Rkl -~ limal fla e~ .
ntire N apglied through urea. In

bhmaim ae B0 mmm 030 L Bl e P e LI -,J.-.IA-- PP Y
HESIS L W S oY r\g LRI glve WAHNIAIOWIE T }nl: a3 YRILED T
rainfed fowiand dirgct sown nce, basal sead jurrow piacement of NFK or reduced zcne
pltacemant of armudefammonium fertilizers minimisas nuirient losses and Ncreases ferilizer yse

efficiency significantiy.

57

Studies in China show that watsriogged composting of animal Qung, nce siraw and mil
vetch with river miud or tank siit greatiy reduces N iosses both in compost pit and in nce fieid
after its appiication because mineral N remains as NH.-N in waterlogged compost. This

process is mare effictent than ordinary composting. Still more superior is the process or biogas
fermentation which conserves almest entire-N {94%) of the input materials in the fing} mzanuna

] A R
products.

Experiments on green manuring conducted at a rainfed lowland site of the Ceniral Rice
Reesarch institute for 6 vears revealed that Soshania aculeafz grown as an intercrop with dires;
3owh fice contributed S8 kg Niha as against 88 kg W/ha from the sole crop of green manure
which precedsd ranspianted rice. in terms of rice grain yieig and iN utiiization, green manuiing
was at par with or evan superior to chermucal N apgited at the rate of €0 kg/ha. Nitrogen fixation

duning first 30 days of growth was only 17 kg with Sesbania rosirata and 25 ka/ha with Sesbanie

- i - ' i H 0 oo
acuieata. !t was equalized to arcund 571 kg N/hz in both the epacies in 48 days of grovah afier

winch the M- fixation was higher in 3. rostiata than in S.acufzala. Despie the better perforinance
of green manurng. its adophion has decined dramaiically over the past séveral years because ot
unreliability of green manure crop esiatiishment under rainfed conditions, non-availability of

seads and labour intensivelexpensive fisld operanons, The limitation of seed supply c2n he

overcome by Wansplanting Sesbania piants with wide spacing in transplanted rice figld. To
economise the practice of green manuring, reiay cropping of green manure with irrigated rice or
groewing 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 biclegical
nitrogen fixation if a pulse or legumincus oilseed crop is either included in the crepping system

in rainied uplands.

*

India has a vast potential of crop residues. But their use in INM is limited because of
their alternate utifities as animal feed, fusl and roefing material, The crop residuee with wide C :
N tatio like rice straw even with 40 kg N/ha dapressad crop yield for the first 2-3 years after
which yieid signiicantly increased over chemicai N aione because of improvement of soii
fertihty. Whenever crop residues are in excess of focal needs, the baiance should be used to

supplement chemcai fertilizers.

Biue-green-algae (BGA), Azciis and diazotrophic bacteria are the common N: fixers in
rice field and constitute a major componant of INM, neutrd to alkaline soils (pH 7.5 - 10.0) nenn


http://b9.l9.nc8
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avarable P low floed water N, turbidity-free chzllow water depth, mederately high temperature
{20-357C). bnght sunshine and tess frequent rains favour growth and Ny-fisation of BGA. The
reponted Na-fixation by BGA varies from 0.5 to 80 kg Nrharcrop, 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 4.32 kg/ha. Successful algalization produced average additinnal grain yields of 0.35.0 45 tha

‘and was equivalent to abeut 20-30 kg fertilizer-N.

Azolia 15 the most potential biofertilizer for nce 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
availzble P and low organic C, low flood water N, moderate temperature (25.30°C) and
reasonably high light intensity afe favourable {or its giowthanda Ny-dixation. A sianding Azoia
crop accumulates 20-148 kg Niha, 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 Nfha. Growing Azolfa
once before planting or after planting produces an additional grain yield of 0.5 - 2.0 tha and is
squivalent to application of 30 kg of fertilizar N

and Azofobacter, the important bacterial biofertilizers contnbute

Azospiritturn
sicnificantly to the positive I balance of rice soil  Neutral to slightly atkaline solls rich in organic
¢ speith weidar 0 Bl eotin i

mazzer faveur the bacterial proliferation.  Agplication of crganic malter with wide DM orad
awrays beneficial. The repored potenbials of heterotrophic and asscciative Na-fixalion are 10-30
zna 1-7 kg Niha, respectively.  With inccuiation, grain yield increased by 35-30% over
urincculated control. A complete knowiedge of interactions between these microbes and the

eavironment is necessary for deveioping the viable management strategies

The W contnbution from BGA ane diazoirophic bacigria are nol enough o grow a fige
and, hence, nesd to be supplemented with N fertiizers. The crop response due to thew
viztion is maximum at modesate levels of 30-45 kg N/ha.  On the other hand, the enure N

requirzment of rice can be met by growing 2.3 crops of Azolla both before and afier planting,
T aaim . - - i P s T - Lo - - - hicmad bl camwad ane bha jroasf avra - T |
=esides, AZolia is comparatively more tolerant o comoined N and Can be used sven &t MHGHET N

ievels. The innibitory effects of combined N on these organisms can be alleviated by using siow-
reieass fertilizers and appiication through deeso placement.

o [OORAY it - nati".e 2%

= shn b fri H o —
Phosphorus soiubiiizing microorganisma {PEM) efficient in so
L *

!c cl
weii gs added * and rcoi associated mycorrhizae {mainiy VA fungi) capabie
avaiabiiity of nutnients to plants are the imponant phosphatic bioferitlizers for

cli
f increasing the
nce. Inoszuiaticn
id by 5-20% and 1s

P TeTe]
ety
o

ecuvelant to appiicetion of 20-50 kg P.OJha through P fertilizer  Ingculation with VAM fung:
235 10 several iolds incigase in P now 1o plants and increases grain yisid significanty.

reaiity control of BGA, pacierial and VAM cuitures and mass production of Azofia.

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

For major sources of N, viz,, green manure biological {Sesbania acufeata), Azolla (Azolla
carofineana), Azospiriium 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 lowtand conditions at CRRI, Cuttack during 1997-98 and 1893-99.
The resuits revealed that i. green manuring with Sesbania acufeata supptemented 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 prillted 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 ionger
and higher availability of N in the zone of placement of urea supergranules (upto 45 days) than in prilied
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 o patterns of N mineralisation from Sesbania aculeata,
Azoila and blue green aigae in unplanted submerged soil confirmed that N availability in soil was
significantly higher with Seshania aculeata green manure than with the other two biological sources of N at

-8, 15, 30, 45 and 75 days after their incorporation into soil.
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EFFECT OF SCIL PHYSICAL ENVIRONMENT IN RICE BASED
CROPPING SYSTEM '

K.R. Mahsto
Scientist
Diviston of Soil Science and Mictobiclogy
CRRAI, Cuttack 753 006

Weti land rice ecosystem
Rice Lands

Rice is widelvy adonted to its environment. H crows in lessmoist unsaturated soll as a dry
land ordp or "t can grown in cail submerged during most part of s growth period.
Fhysicgrapnicaily and hydrclogicaily rice fands are divided intc three caiegories; pleurial,
phreatic and liuxiciai wnich broadiy conform io uciand, medium to low land and typicaliy
lowiands wiih intermediaie to deen level of submergence, respectively. In monsocn areas most
fice 18 grown on phreatic environment where the water lable is close to or above the soil surface
throughout wet ssason and where bunding retains suilace water. Phrealic soils are generally
poorly drained mainiy because of the presence of a high water lable. Piurial iands of higher
elevations have heen terraced for rice production. These soils are ditficult to puddie due to their
fow clay aclivily. Percoiation fosses of waler and nuirients are a serious problem. Other soil
problems of considerable impoitance are drought, scil acidity and phosphorous deficiency.
Fiuxial rice soil occupy lowest landscape position. They are diificuit to drain and subject to ilash
or extended flooding Erratic occurrence of rainfall results in a poor yield of rice.

Submergence efiacts

Although rice grows well in flooded soil submergence affects the normal growth and
yield of the crop. Some nice can toierate total submeraence for 10 days but rmost die after 1 or 2
days. Submergence drasticaily reduce exchange of gases between soil and atmosphere.
Diliusion coeificients of gases in water are about 107 limes of thase in air. As a result oxygen
conceniration deciines and caroon dioxide concenuation increases in the submerged soil.
Carbon dioxide concentration usually is not toxic lo rice because the required oxygen is
transported to the roots through intercellular spaces of the rice plant. Submergence heips in
maintaining a {avourable thermal regime in rhizospheare as water has a bullering eilect on soil
temperature coniinuous submergence sets up an anaercbic soii condition. The oxygen initially
present in the soil is rapidly cocnsumed by the micro-organisms and microbial reduction of
inorganic compounds then follows in successzion. Under anaerobic condition toxicities may
occui In relevant areas due fo increase In concentration of ferrous and mangangse ions of
cenain organic acids in the soil soiution. Coatings of {erric hydroxides are commaonty observed
on fool surfaces in stronaly reduced soils. Drainage faciiities of these soils acid to be renovated
for removal of toxic effects.

Degradation of soil structure

Wel cuitivation on puddling severely destroys soil structure. Basidas this wetting of soil
itself breaks down soil aggregates by its slaking aclion and by dissolution of cementing agents
in reduced soils. Elimination of noncapillary on fransmission pores decreases permeability but
increases water retentions at low tensions. It reduces percoiation losses_of water and nutrients
and helps in maintaining a water regime thatl tavour rice growth panicularly where water table
remains at a lower depth. The effect of puddling on surlace soil structure depends on soil texiure
and aggregale stability. Aggregate siabiiity is determined by the amount and type of clay
fraction; organic matler and hydrous exides which form interparticle bonds: and the electrolyte
concentration of the soil solution.

w,
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Subsoil compaction

Conlinuous wet tillage causes compaction of soil below the puddied layer. The clay
particles are franslocated down and are deposited in the wider pores and figures at subsurface
depth blocking the pathways for buck movement of water nutrients and air. Physical compaction
with precipralion of iron, manganese and silica hatdens the compacted laver. It limils mliliation
and Iinfernal dranage and ntellecis root growlh. Loans tavour compaction while clays do not.
Low permeability saves water and reduces nutiient losses by leaching.

DRY LAND SYSTEM
Drying efiects

Fuddled soil dies mote siowly than unpuddied soils dus to the iack ol ransmission
pores. A puddled soil may lake several weeks to dry and to reach a workabie moisture content.
Drving causes soil to shrink. imeversibly. This may lead to develoomant of figures in the surace
soil. Ploughing preduces hard, medium to large cleds that provide pocf seedoed titth and seed
soll contact for div land crops. Latges clods enhances evapotalion josses and seed 2one soil
dries taster affecting germination of the seeds. Soils with high astiviy ciay and {arge speciic
surface area are easily puddied bul they are maore cohesive and on arving form massive cloddly
structuse. Reets {md it difficult to penetrate through the finger pores of the hard soil mass. With
heavy 1ain oF excess igabon, puddied soil has poor asiation longei than unpxddled soil.

Crop esiablishment

During dry season the rice fields alter remain idle for non-avaiiability of irigation water,
Farmes grow shoit duration pulses on tesidual soil moisture without Gilage of with impropey
tillage. Germsnaiion and stand establlshment 1s olten poor in cloddgy sat and the sucecess of the
crop depends mush on the occurrence of off season rainfall. Neveriheless rice soil profile at the
end of the wet season centam encugh water 1o support 2 gncr duralion crep of legume, wheat,
maize oi sotghuii. The probst seed bed illh could not be ashisved iy a poolly agoeuated soil.
This 1s aisc true for the premonsoon establishment of diract sead nze,

Regeneraiion of soif siruciure

Restruciunng process starts with flocculalion of ciay patbials. Idetpanicle bonding
depends on lhe physico-cnermcal properhes ol the sol paricies and ine organic mailernal
associated with tne micro-aggregates. Wething and drving cycies addition of organic matter and
applicaticn of gypsum and phoepnates promotes granuiatizn, Wet b 12ge snould be avoiged as
lar as possible. ¥yiere puddling is mdispensable lire suiface soil imay be puddied to a miniinurn
depth only, A reaucing tillage system needs to be develoned {or oplirmizing the soil physical
condition in a rice-based cropoing system.



GREEN MANNURING FOR RICE AND RICE BASED
CROPPING SYSTEM

Dr. S.P. Chakravorti
Senior Scientist
Division of Soil Science & Microbiology
CRRI, Cutiack

Green manuring is the practice of training down the green undecomposed plant
materials into the soil. The main purpose of incorporating green manure in soil is to
increase the crop vield and maintenance of soil fertilitv. The influence of green
manuring is mainly due to the addition of organic matter and nitrogen through it. The
decomposition of green matter result in the formation of 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 bulky organic materials like FYM and compost contain very low amount of
nitrogen and are resistant to mineralization. It takes very long time .0 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 satisfv 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, Sunhemp, 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 give generally 6-8 t/ha green manure .
when nearly 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 (Sesbanin
aculeatn) towards yield and N utilization of rice under rainted 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 may 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 standing
rice crop before harvest of paddy and keep it for incorporation to the soil for the next
rice crop. Studies conducted at CRRI indicated that Sesbania speciosa and Cassia
leschanaultiana were promusing for sowing in standing rice crop. When 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 14 t 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 imumobilized in the
pool of soil organic matter,. The results obtained from different experiments indicated
that the rice recovered onlv 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
relatively low.

Under shallow water ecosystem in situ green manuring was as efficient as
chemical fertilizer. Application of 50°0 N through green manuring and the rest in two
equal splits at active tillering and panicle initiation stages through chemical fertilizer
(urea) was as efficient as chemical fertilizers applied in three splits (50+2925) and
sometimes proved to be better.

In a rice-fallow-rice cropping system under two levels of nitrogen 2pplication (60
and 1N kg N/ha) with or without green manuring snowed that increasing level of 15N
resulted in higher N recoveryv by the first rice. Green manuring in conjunction with urea
increased the recovery from the fertilizer N (2.9%). At higher level, however, th
recovery 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 the
utilization of residual N is concerned.

In rice-pulse-rice, recovery of 1N 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 3N by the second green grain and third crop of rice due to green manuring. There
was more retention of 13N in the soil. The unaccountable N was also decreased by 6%
when N was supplied in conjunction with green manuring,

¥



WEED MANAGEMENT IN RICE AND RICE-BASED CROPPING SYSTEMS

B.T.S. Moorthy
Senior Scientist
Division of Agronomy
CRRI, Cuttack

Rainfed upland rice

Aerobic soil environment and optimum temperatures in rainfed uplands in wet
season encourages germination and growth of graminaceous, weeds, followed by
sedges and dicots. The most important problematic weeds that occur in rainfed upland
ecosystem are Eclunochioa colonum, E. crus-galli, Elensine indica, Setaria glauca Cynodon
dactylon, Digitaria Sanguinalis and Dactyloctenium aegmtion (grases), Cyperus rotundus,
C. ina, Fimbristylis iniliacen (sedges), Acanthospernuum hispidum, Cleome viscosa and
Agertum cantyzoides (dicots).

Crop-weed competition: Crop-weed competition is the severest in dry-seeded upland
situation and comparatively lower in wet-seeded and ransplanted rice cultures. The
losses in grain vield due to unchecked weed competifion 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. The first 30-40 days after seeding
is considered critical for crop-weed competition and delav in weeding turther
substantially reduces the yieids. Weeds compete severely for nutrients and depending
upon the intensity of weed growth, the depletion may be up to 86.5 kg N, 124 kg P and
1345 kg k/ha. Crop-weed competition is higher in short duration varieties (generally
grown in monsoon season on uplands} than that of long Jduration varieties because
weeds mature rapidly and hence short duration var:eties have weed competition for
proportionatelv longer time than long duration variezes. Among the short duration
cultivars, the weed competition is more severe in semi-dwart than semi-tall varieties.

Integrated weed management: In India, upland tarmers grow tall varieties, adopt
broadcast method of seeding with high speed rates of 100-150 kg/ha and undertake on
hand weeding onlyv. A bullock-drawn spike toothed harrow (Bida) is also used to
control the weeds. Undertaking 2-3 hand weedings is highly fabour 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
varieties, 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-tail varieties of 110-120 cm plant height
with rapid germination, better initial vogour and moderate tillering are preferred.
Studies conducted at CRRI revealed that the varieties Kalinga Il 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 rotundus in stead of leaving the land fallow. Further, by
appropriate land preparation, stale seed bed technique, which involves elimination. of
flushes of weeds before sowing of rice it is possible to minimize the weed competition.
Similarty 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 saving costly labour for weeding, it is appropriate to use mechanical weeders
such as wheel 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 weeding practice. The post-emergence herbicide propanil (Stam F34} € 2-3 kg/ha
is highlv effective in controliing the graminaceous weeds especialiy Echinochion colonen
and E. crus-galli when applied at 12-15 davs after sowing when the weeds 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, Deichlor 30EC,
Hiltachlor 50EC etc), thiobencarb (Saturn 350EC), anilofos {aniloguard 30EC, Arozin
30EC) and oxadizon (Ronstar 23EC) etc. Pre-emergence application of butachlor at
rates of 1.5-3.0 kg/ha control majority of weed flora in upland situation.
Supplementary hand weeding after butachlor application becomes necessarv to control
the second flush of weeds. Better efficacy of oxadiazon thiobencarb, pendimethaalin
and anilofos was reported. It is appropriate to mention here that all the herbicides are
to be spraved using 500 litres of water per hectare. The pre-emergence herbicides are to
be applied 2-3 days afier sowing before the emergence of weeds in direct seeded
upland. Recent studies at CRRI indicated that the new herbicide iermulations
quinclorae (preemergence) at 1.0 kg a.../ha and butanil (3 1t} post emergence were
effective in controlling weeds.

Rice crop is direct seeded in dry condition before monsoon of transp.anted eart
in earit July. Since the condition in direct-seeded iowlands is similar to tha: of uplanaus.
weed flora in both the situation are similar. In transplanted condition, however, there is
predominance of sedges and dicots. However, with gradual accumulation o 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-galk:,
Digitaria sanguinalis, Leersia hexandra and Lepiochion chinensis (grasses), Cyperus iria, C.
difformis, Scripus articulatus and Fimbristylis miliaces (sedges) Eclipta albe. Sphenochie.
zeylanica and Ludwigin parviflora and Chara zyelanica, Monochoria vaginalis and fpomoea
aguatica and specific weeds such as wild rice Oryzae nivara, Oryza rufipogor and Oryza
officinalis.
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The grain yield losses due to weed competition Iin rainfed lowlands are in the
range of 30-36%. The weed incidence is dependent upon the hvdrological situations
and generally higher in shallow submerged (0-30cm) areas and with higher depths of
water in intermediate deep (0-30cm), 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 puritv of cultivated rice is
contaminated due to wiid rices.

Land preparation plavs 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 beushening or biasi in
eastern India states- Orissa, M.P., Bihar and to alesser extent in Assam, West Bengal and
U.P. This operation involves shallow cross pioughing in the fields 30-40 davs after
sowing in shallow water (5-10 cm depth) followed by leveling. By this operation the
thick population of rice is thinned and later it is ;ollowed by redistribution of seedlings
and gap filling. This operation is considered to be a low cost weed conirol practice
since hand weeding is expensive and impracticable. Studies at CRRI indicated that use
of cono-weeder can suvplement country plough for beushening operation. Further
studies also revealed that beushening 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-
dwart) and Utkalprabha {semi-tall} to beushening operation was noticed.  Similarlv
there are possibilities of introducing herbicides technology under beushening svstem.
Application of preemergence herbicide like butachlor or thiobencarb at 1.5 kg/ha help
in minimizing weed competition. This practice however does not improve crop
productivity where water depth went bevond 40 cm due to non-establishment of rice
seedlings.

Research information on chemical weed control on rainfed direct under seeded
rice higher water depth is scanty. Since lowland rice resembles upiand 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 proved
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 aigal weeds would be controlled by the application of
CuS0, and oxadiazon.

since wild rices cause significant vield reduction of domestic rice, farmers in
castern India gencrally 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 vielders and hence purple stemmed 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.

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

e 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
considered 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 cultivating 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. iria, Fimbrislylis milincen and  Scirpus
mucronalus predominate and some water loving weeds such as ludwigin parviflovaa,
Sphenoclea zeylanica and Marsilea quadrifolia both problems.

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

Name of the herbicide Dose kg a.i/ha | Time of application
(DAS/DAT)
Butochlor 0.75-1.0 7
Thiobencarb 0.75-1.0 7
Anilophos 0.4 7
Pretilachlor (with safener) 0.6 7
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Studies are in progress to find out the performance of low doses - high efficacy
herbicides like ethony sulfur, acetochlor and cinmethvlin. 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, 1t is necessary to increase crop.
intensity bv growing crops after rice in different land situations. With the adoption of
the multicrop systems and intensive cultural practices, weed problems aiso are
increasing necessitating appropriate control measures. Rotating rice with upland crops
results in reduced infestation of water tolerant weeds. Drv seeded rice generailv has
more weed problems than transplanted rice. ‘n Tamil Nadu, rice-rice-
blackgram/ cotton rotation, the population of E. colonm swas sess in the second rice crop
compared to the first one but its pooulation was less n rice-rallow-cotton.  Cyperus
difformts in rice-rice-cotton while if was decreased in rice-rice-viackgram sequence.

Weed flora shifts

Wich continuos practice or use of a particular herbicide in a crop or growing of a
particular crop/cropping sequence over a period of time, thereis a h}\ezmood ot bhltt in
the weed tlora from one community to the other.

Herbicide 1se: Successive application of the same herbicide mav cause shiit in weed flora.
there are chances of shift from annuais to perennials. There are instances ot build up of
Cuperus rotundus with the use of pendimethalin.

Multiple cropping: Crop rotations through involve weed smothering and land covering
crops such as legumes are helptul in reducing the growth of weeds to some extent.
Similarlv in upland situation, intercropping svstems involving rice and legumes such as
cowpea help in suppressing the weed competition. There are reports irom IRRI that
there is large shift in weed floristic composition between sole rice and that rice
intecropped with Azolla pinmnata. In sole rice, the weed community was dominated by
Monochoria vaginaiis, When Azolla was added to rice, the population of Monochoria
vaginaiis was reduced by 91%, while the biomass of E. crus-galli was increased by 226%.

Azolla reduces Marsilen minuta and increases and increases Cyperus difformis. Similarly
in rice-wheat cropping which is practiced in northern India. the grassy weed Avena
ludoviciana and Plalaris minor have become more problematic. Similarlv use of short
statured rice varieties with erect levels and upright canopy causes greater light
penetration and high fertilizers cause increased weed growth. Another cropping system
rice (wet season) and maize (drv season) was useful in reducing the problematic weeds
like Scyrpus maritimus. Similarly jute-rice-potato system was tound to be the-best for
controlling the weeds because potato cultivation involves intensive tilage.

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

WM rationally combines both direct and indirect methods of weed control and
has to be cost ctfective. Some of the kev 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 growth considerably by preventing the weed seed setting
and exposition the rhizomes of difficult weeds like Cyperus rotundus to the host weather
insumumner,

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 cvcles 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 @ 1.3-2.0 kg/ha-preemergence
Nitrofen @ 1.5-2.0 kg/ha
Fiuchloralin @ 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 MANAGEMENT OF RICE DISEASES

Dr. Santosh K. Mohanty
Senior Sciantist
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rice is the pnncipal cereal grown in india in 42.1 million hectare for sustenance.
Because of its vastness and diverse agrochimatelegical conditions methods of rice cultivation

difiers from region io region. The wide adcrotion of HYVs of rice (62.4%) in the country by

farmers has opened 2 new vista of increased use of chemical ferifizers, pesticides and
e imia e Me.n ba fmba bsm moemd mla JE R L A, - imap - P mn msrme ki of
wesdiciaes. Due 1o inténsive and chapgsd cultivation practices and use ¢f highm’ quantty o
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in addimon to tiast and bacternial leaf blight have oscupied a prominent place in the disease
scenano of the country  Therefore in the present disezse-management strategies the options

nemica fertiizers minor disease ke sheath biight, sheaih rof, faise smut and rice fungro virus

he in the mamguiauon of resistant genes in nce cultivars, suitably tallored culivral practices and
i s mh wdB e md e mke s e e m e e s fea =l g |
JUTICIOUE USS OF enedlive Cneinintars Of Ung Jasia OQf Sdiveinancs,

The scofriendly concept of integraied cisease management with proper survaiifance is

the aniy viahbla method to combat rice diseases sunpeesiyly,
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Tnase imponant rice ¢iseases ooCly DCIN IN waT 2nd dry seasons except fais2 smut and

wnare which occur only in the wet-season crop in easiem India {Table 1), The predisposing
factors responsible for the outbreak of major rice diseases vary (Table 2). Keeping these faciors
in rund one can make stnot eurvey and sunveliiance of disszsas for adopting apprepnate contiol

Host resistance is the chearest and direct methed for control of diseases. Several
asa resisiant and tolerant nice varettes and donars were dentified (Table 3} Clean and

dige:
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hegithy sgeg 18 the most Hnporndnl asion WO faduca (N8 S284-08ine ! wooulum of -Unga! C‘.nd

Lacienal disesses. Rice vanehes wilh muiivie ressiance 15 more meanngitl 10 be grown in
nTegrated disease management programme (Tabie 5),

Qv praminolating suitably cubures] oracticas @mxina inta accpunt of all the pradanasing
oy manpuiating suiant yoountue 3 pracices @EINT ML acoount O a2 he Dradisposmn
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. the disea greac exiesnt Maintenance of fleid zar
viz.. curming of diseases siraw, stukoies. cnail. ergcicanon of disease-naroouring wesds and
deep summer ploughing of the field are soma of the wvisual practices adopted. Top-dressing of
= ferilizers in spht disease Is to be gone snd basal aoplication of N feriiizers can ke
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differad by 8.10 days in blagt-endemic areas znd caloium ammenium mirate can be ysed in
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asal appiication for bactenial Dlignt-endemic areas (o isduced the diseass savedity.

Need-based appiication of effective chermicais should be carried out by econemizing
chemical control like manipylating chemical dosages udging the severity of the diseases,
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s of diseases using a low volume sprayer stc. Sconemic

considering economic threshold levels ¢f diseases using a low vo
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thieshold ievels identilied for various diseases are mentioned in {Tabie 5).
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it is of prime importance to treat rice seeds with seed-dressing fungicides, viz., Beam
75, Fungorene, Bavistin 25 SD @ 1g 1 300 g of seeds prior to sowing. The effect is pronounced
up 10 80 days after sowing in rice biast when Beam, 78 and fungorens are used. For bacterial
biight controi, treating seeds for 12 hr 1n 2 mixed soiution of 0.05% wettabte cereasan and 0.02%
Agrimycin-100, followed by hot watar 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-bome
ingzulum, This seed treatment programms (s cheaper than spray schedule in the field which is
not {olicwed by farmers strictly. Three {ungicides, viz., Nincsan {1 mititre watei), Bavistin {2
giiire waterj and Dithane M-45 (2.5 g/litre water) are effective for controiiing blast and brownspot

diseases



Drug resislance
Excepting for false smut, carbendazfm is widely recommended for control of blast,
sheath blight, thafh rof and aiso brown spot diseases. The mode of action of fhis fungicide is

o p-lauﬂlﬂn

that it interderes with spindle fibre at ce!! division. So these is chance for pathegen ic develop
drug resistance. S0 wherever carbofuran is recominended it s advisame 1o use auotiet

chemical in rotation.
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nce
yield 1083 {12-27%), under persistant wuuuj days bafore flovwering,
echigides)

Chemicals, viz,, copper oxychicride {fungicige), phorate and monocreiephes (ins
control false smut successfuily when spraved 4-5 weeks before flowenng.

tast faw yaars false smut disease of rice is assuming prcmmenr:e ¢ausing severa

Identification of tungro in farmer’s fieid

Extension siaff and farmers ensounter great ...s.‘.‘:cu", ;r dentifying the tungre infesied
pianis as several oiper faciols ke nuiniicnai disproder, cold and grought aiso preduce identical
sympioms.

1. In zase of netrihong! disorder, the efest will be uniform znd 2!l plants in 2 fizid will have the
same height with yellowing, whersas. in tungio infected field, there will be iTsguiar giowth

a pianis will have gifferent neight.

csorder, the rea! growth is very much normal or at imes mors; bt in

2. In case of nuritional d
case of lungro infected plants the root orowth is very poor
yviere ao NGro virus n Toung the year
its survival round the vear c2panss upon the host range of the virus
1. Msursives n the princizal hos? plant where rice is grown continuously round the year, Rice
stubbies play a major 1oie ks survva

2. During off seasons it sunives through wild rce species viz.,, O. nivara, Q. perenis and O,
barthi.

3. Some of the weeds have been found out to harbour tungro virus. They are £, tdice. H.
compressa, S. fremulus. P monsg=sienses. and H. zevianica {dicot weed}. -

Caucses of epidemic of RTV

Cuick iransmission of the virus by GLR, rapid build up of veciors under favourabie conditions
and fong distance migrabon of vectors pose a favourable condinon for tungro epidemics.

* The crop should be in voung stage {less than 50 days old)
s The growing of sensitive culivars in e field,
s The presence of virus incculum in the vicinity of the field.
* The presence of virvliferous GLH in the locality.
ve  Early rain in the monsoon szason heips in the muluphcation of GLH easly i the year.
Ve  The spread of tungio is faster in wide spacing than the close spacing of ciop.
» Presence of external water stress for a long period during the early stage of crop helps in

increzsing the severity of tungre disease,

p=prda
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Conclusions

Integrated disease management & nce 1S a practical, eco-inendly programme wmcn
tends to mimmize the use of chemical  Greaizr rebance 1S DUt ON GeneuC 18Si3TEnRls 7 RCst
e 1. TracT ane gjhr‘l of Sue ap owrast o r".‘-“"ﬁ""e rects

=~lapte and cultural corttal mazsires

e N R L Ll T T -.,-,: T e Ll i ol BT s T = Rl e e Tk :mi-.,-
AR N B - Ll PR RN R L Y ) -.u..nl«l..ullﬁl!h.‘i L IR T IR R R R I P P - R R Y ] lclltnlt..l [N LW [ R I
Tne integraiad approach should nzivze selecucn of disease free seeds gntenzze of
culuvars, jedicious use of fertilizers and ¢izz~ic manuies pioper dai2 of sowing s2s¢ rsaimen:

2nd nosdhagad o cron r‘\l'"\fﬂ/“‘"lﬁn mazgirag



Tapie 1.

Seasonal incidence of tinportant rice diseases in Otissa

Diszase

Period of disease incidence

Paan paricd

Blast

LY .

Rainy season {khari) July-Sep Sep-Oct
Summer Dac-Apr par-Apr
Sheath blight
Rharif Sep-Oct Sep-Apr
Summet iviar-Apr
©ham o hai
wrl IS et ] e
Kharif Oct Oct-Nov
Summer Apray May
Srown spot
Khartf SJuna-poy Oci-Nowv
Summer iviar-Apr ADI
Bogierict feaf Blight
Fharif Aug-hiovy Sen-Oct
Summer lan.apg Mar-Apr
Bactzrial leaf straak
Fhart Aug-Cct Sep
Summer . Feb-Apr Miar
Falsg smut
i Fharif Dei-Mov Kov
Rice tungro virus
Kharif Aug-tlov Ot
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of major rice diseases,
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6. Growing rice

6.

Heavy rainfall 6. Plants with
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i ais o. WISEZSE TESISAN O (Gigf&nd e Varignugs in mdiad .
Disaase Varieties
Eiast Asha, Archana Annspuma, Annada. Bhagawathi, Birsa Dnan 107 Seeps

—
MUCS WINOID VIrUS

False smut

1

Himaiava 2, indlrz, i 38, Jajat, Kshua, Laiat _2«shmu
MNarenora BO, Pratzn, Pamnidhan, Pathara, Pusa 205 Ras:
z Rayeswari, Sarati, Samalel, Salivahana, Snernz, Sonz

2

Daya, Jimgiavat
Moy, Naganuna.

Ratnagm 4, Ram
Triveni, Vendana

{raya, Gavanl, Govinda, R 29, IR 20, Js;jzu, Laiat

Asha, Anangs. Deep
ra, Pathara, Paruat, PR 4141, Ramkrishna Shankar,

Mahalaxmi, ¥ tahendra
Sufala Seema Usha
Aruna, ADT 3%, R 1014, Manahaisal, Ratnagii, Nalin, FTB 32 Painkaj,
Swarnadhan, T 14?_Vikramarya

Annapurna, Amaravaty, Rasmall 270, Indira, IR 20, Kshire, Moy Cragat
Padmira, Fusa 2-21, Seema, Sonbvasa, Triveni, Udsyva, Yanhapiava,

o
{0

Vikramarya, Yikiam, vyuii

Latisail WMTU 3 Supgandh Tadukan, Zenith

11
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Tabie 4. Varieties with multipie resistance,
Si.Ne. Vanety Name  Gall mdge BPH Biast Sheath RTV
blight

1 ADT 37 R T T T T
2. ADT 22 R T T . T
3. ASD 18 R T T T T
4 Chandana (4 T T T
S Heera R - T - T
A, HKR 120 T T T .
7 iR 28 R T - T .
8 iR 50 - T S T T
g Kshita = T T - T
10. Manaharsali T T T T .
11 S2eima - T T - . 7
12 Tara R T T - T
13 Udaya R T - . T
14 Vikramarya T T T T R
18. Wytiila.23 . T T

R = Resistant Tolerant

Table 5. ‘ Threshold levels idennfied for different d}éeases

Failar btast Brownish i8sions with light gray centar 3-5 lesionsieal

Bacteri2!} blight

Tungro visus compiex

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

Lasicns of 5-8 mm in size with gray cantar and lesions confined |
to iower one-fourth iengih of ihe tiler wien 2-3 pianisim®
Infectad
When 2.3 |e

e : -

Y.
Oy aclived Wi

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







INTEGRATED INSECT PEST MANAGEMENT

Mr.R.C. Dani
Senior Scientist
Division of Entomology
CRRI, Cuitack

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 injury” 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 responsive varieties and adoption of intensive crop management practices.
Concomitant with the change in rice cultivation. 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 svstem. Here, emphasis was
laid on the identitication of insects because in the cropping environment there are
several insects which are harmful and several others which 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 eftectively 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; economically viable and environmentally safe.

Morerthan one hundred species of insects damage the rice crop but 5 to 100 types
of them are economically important. Identitication 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
saved 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 disintection

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
Weed management

Survey of insect pests and diseases

Survey can be done by mere observation or by using light traps or sex

phenomone traps.

Some of the mechanical control measures are very useful for specific pest which

may be followed such as:

Collection of eggs, larvae and pupa and their destruction
Mass collection of insects through light traps or phenomone mediated traps
Destruction of infested leaf tips as in case of hispa damage

Dislodging of defoliating larvae by means of playing ropes in the field and draining
out them by draining out water from the field.

It is desirable to identifv the predators and parasites and conserving them in the

field. Release of Trychogramma japonicum 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 : 3% dead hearts or 1 mon or egg mass/sq mt
Gall midge : 5% silvershoots

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

white backed planthopper :

Green leafthopper : 10-20 xymphs or adult/ hill

Leaf folder : 2 freshly damaged leaf/hill

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



Gramular insecticides like Thimet 10G 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 Chlopyrifos 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 chlorpyrifos so that the plants will be
saved from the early infestation till 20 days.

Thus a combination of different methods of insect management will be more
helptul in realising the desirable grain vield of rice.






ROLE OF NATURAL ENEMIES IN THE MANAGEMENT OF RICE PESTS

K.S. Behera
Sentor Scientfist
Division of Entomology
CRRI, Cuttack

The rice ecosvstem 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 ecosvstem and a
balancing machinism operates to keep the pest population at a low level. [t is mainly
the disruptive action ot 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 torms and consume many prevs during their life span. Usually thev are
general teeders. Thev consist largelv of spiders, dragon flies, damsel files, beetles and
bugs. Thev need to be conserved in the rice environment.

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 cvcle. The insect parasites on insects are called as parasitoid species. when a
parasite attack a host externally it is called as ectoparasite (e.g. Goniozus sp.) when
internallv it is known as endoparasite (e.g. Cardiocliles sp.). A primarv parasite is any
species attacking a particular host. A parasite that attacks another parasite is called a
secondary parasite or hvper parasite (e.g. Orgilus sp. on Cardiochiles sp.). If the host is
attacked bv many individuals of the same parasite species, it is called super parasitism (
e.g. Trichogramma japonicion on egg of vellow 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 mav be host stage specific. Some of them are
amenable to mass rearing and thus their conservation and releases mayv be undertaken
in the rice fields. Some tamiliar examples of rice pest parasitoids are Trichogramma sp.,
Apanteles sp., Platygnster onyzae, Macrocentrus  sp., Anagrus sp., Cardiochiles sp. and
Thecocarcelia 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.
They are not visible to naked eye except when they form colonv. Their presence could
be know through observation dead or rotten insects in the field. Some familiar
examples are Bemverin, Metarhizitun, granulosis viruses. Commercial formulations of
the well known bacteria Bacillus thuringiensts are now available in the market (e.g.



Dipel, Bactospine, Halt). The pathogens are usually amendable to mass production in
the laboratory. Thev could be tried in the laboratory. Thev could be tried in the field in
a small scale through spraving of aqueous solution of diseases insects. It is mostly
effective against leaf feeding cater-pillars.

Natural enemies of a few major pests of xice have been identified and their
beneficial role quantified. Parasitism of yellow stem borer egg masses due to Telciiomus
sp. and Trichogrannma sp. reaches upto 90%. Parasitism due to Platygaster oryzae 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 Cnaplualocrocis
medinalis due to Cardiochiles sp. reaches upto 40% in the wet season. Role of natural
enemies in regulating the populations of BPH below economic injury level is well
established. Use of brpad spectrun insecticides kills the natural enemies which result
the resurgence of pests like BPH and leaffolders. Among the predators, spiders along
with the green bug play an important role in limiting the population of BPH. Besides,
this spider eggs also support rice pest parasitoids as reservoir hosts. Provision of
hibernacula by wav of placing straws on bunds after harvest facilitates recolonization
when the crop is grown again.

Some of the factors that adversely affect the activities of natural enemies are
indiscriminate or prophvlactic 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 adversely affected. They spray
formulation of monocrotophos, chiorpvriphos appiication 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.

Trichogramma japonicum and T. chilonis have been used in the field to reduce
populations of pests like vellow stem borer and leaffolder. The augmentative release of
T. japoricuny/ T,/ chilonis @ 1 lac/ha/week for six weeks 35 davs after wansplantation 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 vellow stem borer egg
masses and putting them in bamboo cage-cum-percher is also helpiu! to increase the
parasitoid population.
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AGRONOMIC MANAGEMENT OF HYRRID RICE

K.5. RAC
Senior Scientist

Dirasion of Agrenomy

TSI T L Bm s TE Mo
AN, wedaon 753008

Al tha current rate of popuiation growth in India, the regwrement of rice by the turn of
century ie esumated o ke around $5 mitlion tonnes. The total rice nroducton during the current
= T

v

1

[*HL

. s ey om0 el e e e 1
yoal v Arouiid o Minch WNes. i

5
miilicn {onnes ras © oe achieves o sL2zin the seif sufficiency achieved in the eariy 8§03, by
large scale accous of sermi-gwarf aigh vieding vanetes cousteq with improved management

o rr e s - Loy am - B . Py - . PRy s g ond A
HITHI NSAL Tive Ye&rs, & ~ auclion increase ol aiounda e

£OACHCes. The "isx 3 quias cnsterams znd the options availacie are very Hmitea in view of
piateawng frens of yield i hign procucnty areas, decreasing sna degrading land, waier, labour
aid otiied «puts,. Amcng the Vvalicus $ossioie genetic appivaciies {6 achieve this target, hybiid
nce 1ecnnctogy 's the mast {2asicie ana reaally agaprabte one, 2s nas besn demenstrateq in the
Peonles Repuciic of Cluna. dunng ine last two decages. Presently, 55 per cent of the 32 miilion
ha aof rice area ‘a China s under nybnd rice, accounting for moere than 86 per cent of the fotal
fica preduchon

The long chensheg goal oF geveloping and using nce hyonds i ngian agneulture, nas
been accomgiisned with the reiease of 4 hybnds for commerciai cultivation in 15084,
Subsequently 2 more hydrids have teen released hy the public sactor, Few hybrids from privaze
szad secior aiss being succassiully markeed. Many morg promising hybrids are in the offing.
The prospecis of izige scaie acopuon of hvbrid rice iechnoiogy i india appeass to be bright
Ounng the wet season 1856, It 18 esumatea thai more than §0.000 ha area has been planted to
hvbrid nice in vanous pars of the country with maxitmum area Iin Andhra Pradesh foilowed by
Karnataka ano Tamuilnady It s envisaged 1o cover 2.0 million ha under hybrid rice 1n favorable
imgaied ecosysiem by 2000 AD. The target areas are Punjab, Haryana, Western Ultar Pradesn

and irngatea areas of Angnra Frag2sen, Kamataka and Jaminagu.

Hvbnd nge has its own scecific characteristics in the development of individual plants
and pepulaben structure, Further, the raquiramaent of inputs ke fertilizer water and other cuttural
practices are different as compared to ihe conventional vansties. So mastening those
characterisucs and aagpling sultabie agronomic management pracuces are the Key components
for realizing the yieid potential and successful large scale cultivation of these hybrids. A

comprehensive package for cultivation of hybrids in various identified target areas in different

seasens is bewing deveicped, sC as o explon the full potential of these hybrids, and thereby
R T T LR T - N g e R R T ST N Y —-twm L PN e
maring cuitivaiion of hydnas a clear cut pionitable entefprise for e fiCE fanmners.

Sailent features

* Hybnds have a convincing yietd advantage of at least one tonne per hectare more than the
highest vieiding inbred cultivars with simifar maturity duration.

»  Highar productive tillers and more aumber of grains per panicle
With slight modification can be successiully grown under similar management practices as
for common varieties

Suitahility of varieties

The performance of hybrid rices is reported ta be highly locatian-specific’ At present the
varietal choice is limited since enly a few hybrids are available for cultivation. The suitability of
these hybinds for a pamicutar iocation depends on their dusation, plant characteristics and the
land situation in which they are grawn. A number of newiy deveioped hybnds (115 ~ 125 days
duration) at different research institutions of the country were evaluated at the Central Rice



53

Research Insutute, Cukack for their yield periormance in both wet and dry seasons. Among
them, ProAgro 6201, KMRH-2 and DRRH-1 were promising with yield leveis of 3.65 to 4,22 and
5.32 to 580 dunng wet and dry seasons fespectively These vaneties showed an yield
advantage of about a tonne per hectare over the check varigties cf highest yielding inbred
cuitivars like IR 36, Ratna and CR 748-2.20 of similar duration (Table 1 & Table Zj.

Nursery raising

Hvbrid rice seeds cost more and need replacement every season. !t is necessary to cut
down costs on seed by optimizing seed rate through appropriate adjustment of seeding depsity
in nursery and seedling number per hill while plonting. Hence, proper mancoement of nursery
fausing 15 iImponant fos is profitable cultivation. Nutsery should be sown m the (irst week of June
for knart crop and m the second waek of December tor rabr crop A total 60U sqm area Is
required for raismo nursery to transolant one neciare n the main fieid Precare 1-1.5 m wide

-

times wall rotten YL and § kg muniate of polash belore final jevelling Broadeast 15 kg pie-
germinated seeds { soak the seeas overnighi in water, mcudate in walm motst condmuon for 356-
48 nours of until germination) on this weil prepared nursery ped The optrmum seed  density 15
1 kg seed/40 sa.m. Thick sowing of seeds would lead week seedimgs. To check the damage by
the birde and tor batter germmaiton, broadeast a thi faver of well decomposed powderad FYM

ey N Sy ST PRyE St R o
manure immediaisly aiter bicaacasung the sseds.

Keeo the nursery beds most for first few days and weed free After the seedlings are
about 1 inch high, keep a shallow \aver of water Top aress e nursery beds with 5 kg urea per
m zbeut 10 days  beicre transplanting. All nese prachices ensures healthy and robust

SESLHNAS WhICh are pre-requisiies jor Mgher yiglo,

Land preparation and transplanting

The iand should be well puddied and ieveiled in prder to reduce water loss through
percoizhion {2ive 2 gap of at least 10 days hatwean wital and fina! nuddimg, for patiar weed

b e a] mbriaaE e o by
CONUTIansg nutlngnt auu-.um-u,.

Myoras were mofe sensitve 1o extreme temosiztures gt flowanng esoecially at tower

ienseraiures, than the conventionally bred varietias Tneeeiore 1 1s desred tc oiant them m ame
preterably In the second week of July and Janusr, for knarf and rabr crops respestvely,
iy e Fremd
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An experiment conducted dunng the wet season 1995 in order to evaivate the
performance of hybrnd rice {CV. VRH 2} under dfferent methods of planting, spacing and
seeqling densifies showad that skipping one row after transplanting four confinugus rows
precuced comparable yreid a2s that of convenucna! claznung (Table 1), Ameong the different
sesdiing gensiies, i hoiimal Season whers there 13 0o siagnation of waier ai pianting, nc
signiiicant diferences in grain yieki among 1. 2 anc  seealings/hili were opserved indicaing
that one seedling per hill was adequate encugh for acnieving higher yield and saving on cost of
sear

Fertilizer Management

Sficient feritizer managemsnt is the <oy 0 mprare the gran vield and resoonss i
agded feruhizers In any Crop RIOAUCHON SYSI=M 20¢ 30 N fYond rice cuilivailon. Tne aose ana
time of ferulizer appiicaton depends up on many “zeore like basic soil feriity. the varistai
reaction with pegis and diseacas weed incidence ard 2ronming pattarn, hesides the scurce ana

mezmod of i3 applicaten and synargistic effact wilh stner autnents. Howsever ior nomma 32is
foiiowing Teruiizer schedule is recormnmenden for Afiard 2nd ragd orops.

Kharif {wet season}

Sasal dose B0 kg N. 40 kg P:O:zand 80 kg ¥:0Olha

3 WeaKs anef franspianting 25 kg Nihia

& weeks aiter transplanting 1 25 kg Mina

Rabi {Dry season)

Basal dose (G0 kg M EQ kg P:Osand 80 kg K.Ctha

3 weeks after transplanting . 20 kg Nifha

8 weeks after transpianting c 30 kg Nia

Datayed apphcation of N and K conciding with flowering can heln  realize the finl

potential of hybrid rices. Preliminary chasrvanon tiai conducted at CRRI dunng dry seascn 1657
reveaied that dejayea i and K {fracuon of ihe tomal recemmended N & K) applicalion at heading

ncreased gram yield by reducing pescentage of unnlied grains. .
Weed control

It has been establisned that there s consicarable reduction in grain vield if weeds are
not removed within three weelks of transplantng. Tharefore, in order to achisve good vield targer
the weads ahould ba removed as early a3 possible The use of herbicides in conticiling waads 3
ocn efficient and eccnemicai. Cost-effective wees Jontrof cowa be achievea by pre-emegence
application of herbicides like butachlor S0 EC or thichencart 50 EC @ 32.00 | per hectare ¢r
macheteldelchior granules @ 30 kg per hectare or Saturn granules 8% @ 25 kg per hectare
within 2.3 days after transplanting in 4-S ¢m standing watar, The liquid formulationg may he
mixed with 150 kg of sand per hectare and biroadcasi uniformly. Use of liquid Tormulations mixed
wiilh sand or loose soil is as effective as granuiar appiication and it is far more economical in
comparison to granules

insect pest and disease control

*

The pest prablam in hybrid rice is comparatively more savere than that of other varieties.
Leaf & plani hoppers | leaf folder, siem borer, gaii midge and hispa are”some of {He senous
pesis that affect hybrd rice. Rats also cause considerable damage 1o the crop. The emergence
of white ear heads after flowering due to stem borer causes losses in vield up to 50-60 per cent.
The plant hoppers can be controfled by spraving the crop with 800 ml Ekalux 25 EC
{Quinolphos) or one litre of Coroban/ Dursban 28 EC (Chioropyriphos) or 560 mi of Thiodan 35
EC [Endosuifan) or 380 mi of Nuvacron 38 SL (Monoctotaphos) in 100 litre of water per acre. To
control stem borer, apply Furaden 3 G @ 10 kafacre or spray the crop three times i.e. 30, §0 and
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70 days atter transplaniing with 250 mi of Dimecion or 560 mt of Nuvacronfhvionocil 38 SL-
{(Monocrotophos} or | litre of Coroban 20 EC (Chloropynphos) in 100 lifre of water per acre To
control leaf folder spray the crop with 250 ml of Folithian/Sumithion 50 Ec (fenittothion) or 404G

gms of Sevin 80 WP {carbany) in 100 litres of water per acre.

Rice blast, bactenial teaf blight, sheath blight and faise smut are the major diseases.
Suitable preventive measures are important for keeping the ‘vield losses at the minimum. To
control blast, spray Hinosan @ 1 mlflitre as soon as the incidence noticed. Give one more spray
atter 10 days, Sheath blight can be controlied by spraying Bavistin @ 1g/liter or Rhizolex §0 WP
@ 1 g/libe as soon as the disease is noliced .

Harvesting

Timely harvest would avoid any loss due to shattering and improve milling auaiity
Therefore, harvect the arop at optimuom moisture content of about 18% and dry till 14% mossturs

. [, — [EPP Y T bmtm Flmy -
feve! The normal harvesting time is 28-30 davs afier compiain flowanng

Feopie outside China stiit have thetrr doubts about the economic viability of hvbnd rice

technology. Tne guestion in therr mind 15 would the leve! of vield ncrease that they are getng
will pa srrﬁ]rmpt tn pay the exrra sxyerentiivre involved, TDE‘ reporte from various parts ot e

fure
Sountiy suggesis distintt economic advantace In lnulm fioe cuthivation no extia CROBNEES ai¢
¥

invoivad except tne cost of seed and 1 some extent exrra ¢osl on ferihizer piant proteston
measures. A preiiminary esbmate indicates mat even if all these costs {(10-15 per cent  higner
tnan the growing of convenucnal vaneues, are taken o account the wield advantage of

anny 0}""“?.!9[" 1 $ha can well 1zke care pf tnage ~nsty and one can :wpa'-{' nat add]'{roqal nrafr
i R ArmA o 2 Vel the canvents \ b ek
oi about Rs. 2000-25CC p&i hediare over the conventional vanenas, The advan iags W the szed

Il

producer will be suit much migher - .

Tl Fam e i b [ + e oem o P P -

Vs 07 prositabie cuitivation of hybrid rice

. Grow hybrid rice In assured irigated arezs where neerly the potential vield of tne
mviimrien s buimbs el i (e k‘: T N T
=A WL T FITni VSHSUTD o WTH vuf [A—— ] F-R-—1 ¥

s Adont sroner agrondmic management oraciices so as o expiott the full potentiat of the
hvbrids  Agronpmic managemen: of hvbnd nce differ gonsiderably from tnzt of
senvenucnal vanshies, pimanily bzosuse of heteresis, Diflerences are most oroncunced

=Ryt l..n-nluuur RN R S T R
1

gl the seedmng and Ui vegetabve growth slages. reniizer, watel and Cullura

management manipuiate yisIt COmoonents Canopy structure and Higld populaton.

D :S—ly' bed t‘:&Suﬁug o0
Thick sowing of s
. Hybrids are moare cansifive 1o axrrems tamparature 2t flowering, ec:pnr;!atiy at lowar

— ~ (1

LU\'E:, = Cual‘v’cvunonan} ufed waneties, SO p!an\. the jttetel at uyuul:un- M
'
i

te‘lll—'el
y 1 the second weer of Julv and January respectively for wet and dry seasons

preterab

) Transplant 25-20 davs old seediings a1 the rate of one seedhng per hilt at 20 x 15 om

acng ih the main feld,

* Apply the recommended N (100 kg N/ha in wet season and 120 kg N/ha n dry season)
in three Splits 50% basal, 25% st tiliering and the rest 25% at week before panicie
mitiahon,  Avold using over dose of N fedilizers which may effect grzin filling and
damage by insect pesis and diseases.
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Ensure timely and suitable weea controil measures in order to get tetter response to the

L]
ardad inputs.
. Adopt neea based cenircl mazsires ior controiiing msect 02sis and ISeases.
. Harvest the crop at aptimum ~2:siure eontent of ahout 1294 and dry nll 14%  mosture
levall
° BUY FRESH HYBRID SES0 EACH SEASCN FOR BUMPER HARVEST Do not use
the grams haryesied fram corm—araiz! crop of hybrid as the ceed for the newr oron, Tha
vistd will drastically rsqucs ooz 12 cegregaiion and loss ol nyond gy
Table 1. Response of cemnain promising Hybrids 1o nitrogsn appilication, Wet ssason 1286
VanetylCuiture MNO e N100 MN120 ilean
Graig vieid (¥ha)
ProAgro 5201 318 419 467 45 4.14
DRRH-1 2.09 243 3.98 419 3.88
KiaRH-2 3.26 4.22 4.64 4.74 422
Ratna 2.30 278 3.33 3.40 238
Mean 282 188 4.8 4.22 )
C.D. {0.05) for varieties (V) 012
for N levels (M) 0.1
for Vatsame N .23
for N at same V 0,22

Table 2. Respense of certain promising Hybride to pitrogen application,

o

ry season 1997

Varnety/Cuiture T ONO NSO N100 N150 Mean

Grain vield {Yha

ProAgro 6201 3.75 5.20 8.35 7.10 5.60
Amarsiri 335 470 580 6.50 3.08
DRAH-1 380 500 6,10 8,08 5.38
Raina 3.060 4.3 5.55 530 4.88
IR 36 320 450 5.85 &.15 493
CR 748-2-20 : 3.00 420 530 5.50 450
Mean 30 465 - 583 6.23
C.D. (0.05) for varieties (V) 0.21

for i jeveis (N) 0.19

for V at same N 0.31%

for N at same V - @22
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Tabie 3 : Effet of date of pianting on grain yield of hybrids, wet season 1995

Location! Date of Grain yield (t/ha)
planting
DRRH-1 APHR-2 PA-103 ' CRH-
HYDERABAD
July 25th 805 578 5.88 -
August 5th 4.80 4 80 4.81 -
August 15th 3.77 373 354
PANTNAGAR
suiy 15th 6.08 543 6.20 6.21
Juiy Z5th 508 6.03 5.85 6.19
Hydorzhad Pantnagar

C.D. (D.05) for varieties {V) NS NS

far Dates of planting (D) 0.51 0.31

ior Vatsame D N NS

for O at same V NS NS

Tabie 4, Grain yield of Hybrid rice {Cv. VRH 1) as affected by planting geometry and
seediing number per hill, Wet season 1856

Fianiing geometry One Two iean
seedling/hill Seedtingsihill

1Ex 15 om normal £.44 422 4.37
15 x 15 cm skip {1 row after every 3 rows) 435 4.51 4.43
2x 15 em nommnal 478 4.81 430
20 x 15 om skip (1 row after every 3 rows) 4.48 4.60 454
19 x 15 ot SKID (1 ow after every 4 rows .27 483 4.60
20 x 15 cm skip (1 row after every 4 rows) 463 481 472
Mean 4.54 4.61
C.0. 0.05 {or planting geometry(s) 0.23

ar seedling number{M) 19

for S at the same ievel of M (8

for M at the same levet of HE



HYRRID RICE
S.M. Ratho
Sermor Seisnus
Civision o Plant Breeaing & Genecs
CRAIL Cunacx 732008

Hice is the stapie foed tor about 85% population in India. [t accupias apout 42 miilich
nd 42% area under cereals. The rice

nectates accouning to 34% of the area under iced creps an

production has increased from 30 million tonnes in 1685 0 2 surp!us laval of 82 million tonnas 1n
1884-25. The fiisi gr‘en revoiution achieved dunng mid 655 was ous 1o the farge scaie adoDtian
of semi-dwar han yieiding  vareuss coupleg with .moroved managemen! pracuces. This has

..1

enapled us not cniv 10 do away win IMEoNs but 1@ accumuiate nce th huffer stccks i excsss

q'lanﬂﬂnn_ Qahuaon 19“’5 and 1654, zsraz under n-.«h \;relnznn varietiag hag ineor sxcat frnrv'; ‘9 -i
1o 54.8% and fce area increasea fiom 35.4? 10 42,24 miuiion neciares. :r.aian fice SX0oMns
steagily increaseq from 400.000 {onnes i mig 802 12 2.5 muhion tannes in 1685-55 placing inaia

in secony posiicn.

5%, during 1€

The growrn rale of vield deciined from g
nant at around 2.3
o

6. S-73 to 2.57% dunng 1€85-85 in
northern siates ang i was maore or lass staon a7
35

» in south, At the present

population growih, India has to produse not les : an 2.8 rmiihon wonnes of millsg nee every year
o sustain ihe present ievei of self suificlency. it is iargeted to prequce aboui o5 io §& mifitan

tonnas by 2000 AD to cope up with the growing po.;biauon Tne tasx s qguite challenging and the
notons  avalable ara very lmited in view of piateamnn trand of vieid espacally in fugn

P T=T T R VT o

L lataiblatiti bt dl-1a= Ao e lmmmed memam paped e e o R bl W
N Cul anha owher in U3, ANChG ure Vanous

I ey au:a-a ‘.IG\.-!L.RJNIU 1ot QETa, vl
possibie genatic approaches 10 2 acmieve this {argel, hvbdna nce 1@snnoiogy is the mosi feasicie
and reaqily adactable lechnology. this has been aemonsiratea in ihe Peopies Repubhc ol
China, durmg the Iaqi fwo decades. Presently 55% of the 32 muoiion hestares of fce area in

£ g . ot a F o Pl e SO
Laing 3 -.[u\.ael nvuuu u\.u; Q\.«uouuuuu WO SIS Wan Sthe

iechnmogy IS excecied {o Dl’ll‘lg about ihe second grean revoiulion n inga.

-~ il
ot ihe wial 4'CC pl'c

= P

About 427 of the counliy's total area & Jnded iMJaiss SCosYSIeEn which conthibuiss
50% of the total nce proguction. M B0-70Y% of the imgated area is brought under hypno
cuitivation. it would contnbuie about 10-12 muilion tonnes of adamicnal nce. The shaifow low

lanns oeoupy 8 mnton hactaras wimch contnbuis apout 12,7 miilion tonnes of rics, I would be
anag oogu e apou el : L oe

possible {0 expand the hybnd rice cuitivation 1o shailow owiands and boio argas of Wesi
Eengal, Assam and Unissa o raise the production turher.

Thougn, ihe efions 10f deveiopment ana use of hvbna nce technoiogy m india were
initiated in 70s. these were mostly of academic nature, rather than goal oriented. Promoted with
the success in the davelopment and cultivation of hybrid rice in t‘hlm I(‘Aﬂ stared conduciing

082 at CRRI, Cutlack: lARI, New Daihi: Rice Ressarch siations at

T
LG Y,

resaarch on this ling since 1082 at CRR
Kapurihala and Mandya. After getting convinced irom this preiiminary research regarding the
polential 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 since 1989 in
coltaboration with tha IRRL, Philigpines.  This project was funther sirengthened with ths
assistance from UNDP/FAQ since 1381, Now this project is being operated as a national
reseaich network with twelve centres across the country with the DRR. Hyderabad as the
coordinating center.  This network has two lead centers, Kapurthala in Punjab and Mandya n
Kamnalaka; throe strategic centars, primarily for conducting basic research are located at DRR.
Hyderabad: CARI, Cuttack and IARI, New Delhi. The seven assoc¢iate centers for conducting
reqgion specific adoplive research are located at Coimbatore {(Tamil Nadu), Maruteru (Andhra
Pradesh), Chinsurah (West Bengal) and Kanat (Maharashtra). Besides the pubbe sectors like
State seed comoerations, tational seed corporation and other piivate saed agencios like, pro-

Il

agro, Mahyco, iTC-Zeneca, Nuzibudu and many oithers are actively engaged in conduciing
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research and Hybrid rice seed production activities. Recently, Mahyco research foundation aiso
supports financially to this network through ICAR. Ininally high productve areas like Puniab,
Haryana, Western UP-and Irrigated areas of Andhra Pradesh, Karnataka and Tamit Nadu were
identified for deployment ol hybrid rice technology and later to other rice growing areas.

The precedure for develeping F, hybrids in selt pollinated crop plants like rice is different
ftoly othe) ciop plants,  Fuither hybiid vaiielies aie different hom the conventionally breed
vanehes, The conventionally breed vaneties accumnulates productivity genes that perfarm well
under homozygous condition, while hybrid varieties assemble genes thal perform well under
heterozygous condition {F ). Because of this, farmers have to procure hvbrid seeds each time
fresh, .

The technique of hybrid rice development involves the use of three parental lines, viz.
ihe cms A ime, the maintainer B iine and ine resiorer A iine. The introduced cms iines (WA
source) from China were found to be unsuitable and as such could not te used directly in our
preeding programme.  Hepge the male stenlity was transferred from the Chinese oms lines to
the well adopied, broad based genotypes of the countiy. Now. a numoei of cms lines are
avaiiabie not oniy on WA back ground bui aise on oiher diverse maie sienie cylcpiasm in ine
country. in this three lime breeding method development of hverd needs two steos-
muitiplication of ems hnes (A/B) and produstian of hybrids (A/R). For thee. the cms hnes {A) are
pianied along with the mamtainars (B} 1o produce oms lines and restoress (F) o develop hvbnd
varieiies in suitable row ratios. The seeds coliected from A iines of A'E piots iorm the oms
seeds, part of which can be used again for A line multiplication and the other part for hvbrid
{8/A} sead producton. The seed bomne on A tine of AR plote 15 the £ hybrid sesd which s
supplied to ine tarmers as commercial hybiid seed. The quaniity of sesd sel depends on ihs
exient of natural cuicrossing. Because of ne seif poiiinated nature of nice. nawrai culcrossing is
very low. However. by adopiing sutable seed produstion technigues. the out crossing rate can
be Increased  Synchronisation of flowenng of the twa parental lines (A2 or A/R) is the crucial
actor for achisving higher seed yields. Depsanding on the growth duration of the parental lines.
ne seeding daies are adjusted o gei proper synchronisation of fiowering.  Further any
ditferences in flowering can be manioulated through spraving of certais cnemicals and cuhural
practices.  For prolonged avaitabifity of polian, maie pa,rerits are secasd 2.3 times with an
inieival of 4 days beiween sowings. To increase the oulcrossing rate. cenain supplemeniany
poliination tecnniques .during peak antnesis ime are empioyed. isoiafion of A/B and A/R seed
production plots from other rice plots are most imporant 1o mamiain the cunty of the produced
se Isolahion distance of 100 m around A/R and 40 m around A/R sasd production plots e

4
1
f
‘4

ran imed . [ Ty A ey S —— t S imboin i
TeComimenasc, RO'\JQIT‘IQ of female and maie parents is most imporiant 1© maintain puiity.
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gone first alier which the femaie A lines aie harvesied. Because of tms
praduction praciices the cost of hybsid seed is very nigh {Rs. 60/ to 1 . |
However, due 10 the high vigour and good tillering 1 tne hybrids, planting of single seeding/nilt

iz recommendsd thereby bringing down ths seed rate to 15 kg/ha only,

hybrids with yisld advaniage of more than 114 over the standard check variglies werz relea
first in the country during 1894 by the siaie variety reicase commitiees, These are APHR 1
APHR 2 ior the Telengana and Royalseema regions of Andhra Pradesh MGR 1 -for Tamil Nadu
and KRH 1 for Karnataka state. Later on. two more Hybrids CNRH 3 {2- boro son in Wee
Gengal during 1885 and DRAM 1 for Andhra Pradesh during 1898 were 12 ic

Besides ihese pubiic secior bred hybnds z iew hyDrids veveiopas by pryaie seed agencies kke
Pro Agro Hvbnd Rice international. Mahyeo, SPIC-PRI Biogene Hinduzinan Lever Lid,, Viki s
Aare Tech Nazibudu, IK Agro Tech, {TC Zeneca, Amaresyian sto are copulac Howsvar, the
hybrids devsloped ao {ar are meant {or irvigate 5

shaliow lowiand situailons are being deveicped and would be avaiiabe sronly. Besides ihess,
hybrids with aroma (scent) would be made available in a shost time duning 1996, aboul 60.0650
hectares was covered under rice hybrids. It is targeted to cover about two milllon hecotares
under hybiid rice by 2000 AD. i—'trcv.'ever. most of ths hybrids are iound 1o be location speciiic.

-
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Hence, hybnds are to be tested extenswely through on-farm test ceniers te evaiuate its
suitability in varnous locations.

Since. the hybrid vanelles are the = plants, the seeds borne on thase F, plants ars F,
seeds whicn segregate for grain and cocking qualty fsatures. Hence. many a times. the cooxed

~a ~f th veimmAe i + i . ¥
ice of the hybnds vanetiss are not good. ~cwever, *his can be avaided by care!

’ ully cheazing
ihe pareidai lines (A and R linesy whics nave meniical cooked kenei charactenstics for
developing rice hybnds, Furiher, it is seen nat most of the released hybrnids are susceptibie to
various insect pests and diseases. Simiarny, resistance can te incorperaied into hvorids using
sutable parents. During the early chase =i hetercsic bresding, the emghasis was mostly on
weld netercsis,  Now duiing the $econd pnase due emphasis 15 being given for deveioping
pvbnds with  befter cooking and esating cuaitty and farming resistance to major pests and
diseases,

As the 3 fine svstem of develooinz nvbrid rice varieties is highly cost intensive and
RISOMe, sojentisis are now enqaged n 2 line system through the use of appropnate maie
ioci

3
m ¥

Ly 4D
W«

o dgntification of pholosensitive genalic male stenie (PGME) and lheromoszenailive
tic maie sierie {TGMS) iines. in this sysiem no resiorer ines are needed and any parent
can be useq as the mdie parent. The hverias are developea by growing the maie stenle line
t(Females) atong with the pollen parents a
where a omtical day lengih (PGMS) or tem
maimain the compiete maile steniily for atizast 30 days. Maie sienie seeds are produced in
other environments where they are normailv male fertile. This two line system is relatively

G
=}
1]
o~

dopung sudable row raties in spealfic environments

s . TEY RS i man e £ i I
wEsfaldre range (TGMS} induces the female paren 1o

develop one line sysiem of exploiling heterosis through opomixis in which case farmers nesd
nct pracure iresn hybnd seeds year afier year as ihe heterosis is fixed in the hybrid variety. This
can be achieved through the transier of ccoiicate opomictic aene from wild grasses into rice
through genenc engineering, However, it is stilf in the infapt stage. Onee it is achieved, the

hybrid rice would be popular, and economicany viabie,

The recent davelopments in rige bictechnology viz., anth .
fusion and Tegenesation, DNA iransiormation, molecular tagging etc. have opened new avenues
in hybnd rice breeding. The success in protoplast culture has made it possibie to produce
cvorids which enable immediate transfer of cvioplasmic male stertity into eiite breeding hines of
nce, thue avouding cumbersome precess of hackeressing protoplast technolegy may alec be
used (o produce aliptasinic lines of iice having cytoplasim flom vanocus wad species and ietaied
genera, These lines will resull in the cytoplasmic dwersification of maie stenhty sources.
Molecular markers can help 1o tag genes associated with wide companbilily. TGMS. fertiiity

resteration and apomixis, -
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RICE TECHNOLOGIES FOR RAINFED ECOSYSTEMS-PROBLEMS
AND PROSPECTS

J.N. Reddy
Scientist
Division of Plant Breeding and Genetics
CRRI, Cuttack

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 million population. Since the
scope of increasing rice area is limited, it is necessary to increase the productivity of the
land for which increasing the vield ceiling of the varieties as well as improving
management practices are required.

With the introduction of high yielding varieties in 1963-66, mainlyv suitable for
irrigated lands, most of the vield 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
ecosvstems, 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:

1.Socio-econimic constraints

i. Small and scattered holdings

ii. Unawareness to modern techniques
iii. Poor mechanisation

kS

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

ifi. 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 ‘P’ 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- (pests: gundhibug, termites, mealy bugs, stem borer
etc. and diseases: blast, brown spot, sheath blight etc.}

ix. Continuos 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 vielding short statured varieties.
Prospects of improving production

1. Non-monctary inputs

i. Summer ploughing

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

ili. Timely seeding {bv 1st week of June with pre-monscon shower)

v, Proper plant type (semi-tall/semi-dwarf depending upon soil types)

2. Improved management practices

i. Proper seed rate (100kg/ha for proper plat population in the field)
i, 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 of 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 and/ or early submergence

it. 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, suiphide injury etc.}

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

vil.Incidence of pests and diseases- {pests: stem borer, gall midge, cutworm, GLH,
leaffolder etc. and disenses: bacterial blight, sheath blight sheath rot, fungro, false
smut etc.).

viii.Low light intensity at flowering

ix. Delav in monsoon often leads to delayed planting

x. Continuos use of traditional low input responsive and low yielding varieties
xi. Premature lodging of tall varieties

xii. Non-availability of better genotypes with flood/submergence tolerance at early and
late vegetative stages. )

Production constraints in deepwater rices

i. Inadequate plant population due to seedling mortality

ii. Continuos 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 vielding varieties with submergence tolerance and elongation
ability

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 harvesting/ post harvest management

Future strategies to improve rice production in rainfed ecologies
i. Consolidation of holdings
ii. Water harvesting and moisture conservation in uplands
iii. Development of drainage svstem in lowlands
iv. Reclamation of coastal saline/acid soils
v. Cost effective and environment friendly production strategies
- Integrated pest management
- integrated nutrient management
- integrated weed management

vi. Enhancement of production and productivity of rainfed ecologies by developing
better adopted HYV's (Table 4 and 5)

vii.Strengthening of seed multiplication, distribution and storage facilities
viii.On-farm and adoptive research for identification of location specific constraints and
developing appropriate technologies
ix. Strong researcher, extension worker and farmer linkage
x. Raising genetic vield ceiling
- exploitation of hybrid vigour
- néw plant type
xi. Exploitation of productive but under utilised environments
- Boro rices
- Late planting of Aman/Sali
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Table 1_Area, Production and Yicld of Rice
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Table 3. Ecosystem-wise representative varisties and scope for improvement
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Table 4. List of most promising high vielding varieties of rice for different

situations.
Variety Tofal duration |  Average yield ’ Remarks
{davs) ! {tha)"
]
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Table 5.
stresses

List of rainfed lowland rice cultivars with tolerance to major biotic and abiotic

Traits

Submergence tolerance:
a) Less elongating type

Shallow and intermediate

FR 13A, FR 438, AC 1213, AC

i 10556, IR 38784-15-19, IR 3864-

4-5, IR 58821-12-10, IR 57539-5-
27

Semi-deep and deep

b) Elongating type

Panidhar:. Utkalprabha, Dhusara, Khajara, Dinesh,
Madhukar, CR 626-26-14-1, CR Amulya, Matangini, Tilakkachari,
625-18-1, Suresh Sahbita

Deught at seediing ! Vaidehi. Kotta bavahunda Sudha, Janki, Jaladhi-2

lron toxicity : Mahsuri, Samalei, CR 672-3 : CR617-16-10-2

Coastal saline tolerance

Dasal, Getu, Lonabokra,

Damodar, Lunisree, CSR 6, CSR
7-1, Nonasail, Senamani, Pateni

Late planting

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

Matangini, Amulya, Sabita

Stability and wider adaptability

Rajashree. Mahsuri

Sabita

Good grain quality

Samalei, Mcti, Madhuri, Lunisree,
Suresh

; Sabita, Sudha, Amulya

a4

Bacterial leaf blight

CR 1002, Mahsuri

Sabita

Rice tungro virus

Moti, Radha, CR 673-475,

! Samalei

Matangini, Nalini

Sheath blight*

Balivahan, Manoharsali, Neeraja,
¢ T 141, CR 1014, Pankaj,
¢ Samalei, Mandira

Nalini, Dinesh, Sabita, Matangini

Sheath rot*

Mahsuri, Vijaya, Mahsuri, ARC
7117, Mangharsali, Biraj

Stem borer*

Radha, Jogen, Mandira

Amulva, Sabita, Sudha

Green ieafhopper

¢ Moti, Radha, Jagannath

CR 581-9, CR 580-17-1

Borwn planthopper

' CR 1002, Manasarovar,

Nagarjuna, Mancharsali, Pinakini,
Chaitanya

Gali midge

Moti, Samalei, Mancharsali, CR
95-26-1 '

CR 581-9, CR 68G-17-1

* Tolerant varieties
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IRRIGATION WATER MANAGEMENT PRACTICES IN RICE

P.C. Mohapatra,
Senior Scientist
Agricultural Engineering Division
CRRI, Cuttack.

Rice is known as a semi-aquatic plant. It has ability to adapt in many variable
environs. [t grows 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 fapan. 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 several places for better water-management practices, mainly to reduce conveyance
and application losses of irrigation water.

In humid tropics convevance 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

1. The maintenance of channels is poor.

The losses tend to be minimal when:

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 paddyv 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 mm, 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 critical 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-water management practices include:

1. Continuous flooding (static)

2. Continuous flooding {flowing)
3. Intermittent irrigation

4. Rainfed water management.

Continuous flooding {static)

It involves shallow, medium 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 paddyv 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
of irrigation water without sacrificing the crop yield. A study at CRRI indicated that
irrigating the field after 6 days of disappearance of ponded water (5 = 3 cm) does not
reduce the vield 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.
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Panicle-primordia development stage: Before beginning of panicle-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 ﬂower’ing: The field must be drained gradually again, 15 to 20 davs after
full flowering stage. This helps in minimising grain shattering loss and better milling
qualities.

Rainfed water management

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

Water can e 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 enhances 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
by floating cases in standing water. But control practices that require absorption of
chemicals into the plant are usually 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 o avoid any depletion of
groundwater storage; if the crop is to be irrigated by groundwater depending on its
aquifer recharge.

3036038






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-green 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 soii fertility. Besides nitrogen, the tropical soils are poor in
organic matter and, therefore, continuos addition of organic matter is required to
maintain the soil fertility, which could be possible through utilisation of these
organisms and various fypes of wastes or waste products, as being judiciousty followed
in some of the countries of south-east Asia.

BGA and Azolla (in algal association) constitute N»-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

Azolln is an aquatic fern commonly found floating in ponds, lakes, tanks, shallow
ditches and channels. It is also observed in rice fields at several locatiotis in the country.
Nitrogen-fixing blue-green algae, Annbaecha A:zollae, always found in the cavities of
dorsal leaves of the fern fixes atmospheric nitrogen efficiently and supplies it to Azolla
plants. Thus, this fernalga svstem is unique since both photosynthesis and nitrogen
fixation occur in the leaves and, therefore, the fern is an atiractive 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 fallow 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 extensive researches carried out during the last twenty three years
at the Central Rice Research Institute on multiplication and utilization of several Azoila
varieties collected from India and abroad are very encouraging.

Azolla can be conveniently grown round the year under Cuttack conditions and
an annual production of about 347 t/ha (fresh matter) in field and 321 t/ha in concrete
tanks has been obtained. In terms of nitrogen, about 686 kg N/ha was harvested
annually. The occurrence of standing water and application of phosphorus are
considered as the essential requirements for rapid multiplication of 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
kgof Azolln 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 ~every week, which can be
spread in paddy fields for further multiplication and fertilisation.
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. Method of utilisation

As green manuring: 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
P2Os/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 laver of Azolln  after incorporation will provide more nitrogen. One layer of
Azolln  provides 10-20 tonnes of green matter/ha, which is equivalent to 20-40 kg N.
The increase in grain vield ranging from 1.0-2.0 t/ha over control is obtained. This
method is suitable for both short and long duration rice varieties.

As dual cropping with rice: 1If 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 Azolln  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 vield. It is advisable to
use basal dose of N fertilize along with dual copping. Azolle 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 davs 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, Azolln is to be
inoculated after 2-3 weeks. Application of field dose of 2,4 D has no adverse effect on
Azolln growth.

Use of Azolla with chemical N fertilizer

Azolla  can be safely used along with N fertilizer upto 3040 kg N/ha. At their
higher doses, its growth and N -fixation are decreased significantly. Use of slow-
release fertilizers like urea supergranule (USG) and sub-surface placement of N
fertilizer are recommended for better Azolln  growth and higher N use efficiency.
Combined use of Azolln  with N fertilizer upto 150 kg N/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 undersirable 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 vear at the rate of 2-
4 times/week. It multiplication is affected adverselv when day-night water
temperature exceeds 40-320C. Azolln  varieties tolerant to high 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 pll lower than 5 or higher than 8
does not support its growth.

[t 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 provided in field during hot
sumumer,

The sporocarp-bearing plants (produced during November to March) are
harvested composted, dried and stored for further use. This produces new Azoila
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 technology for using them for field inoculation is being developed at CRRL

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, muitiplication 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 Azolln
will 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 Azolla has to be applied since it does not survive after drying. However, we are
trying to develop technology for using sporocaps as the seeding material. Azalle
production units have to be established, preferably at the block level, to supply cultures
to the needy farmers in time. Addition of inoculum in fields depends upon the time left
for its multiplication before utilisation. It is used 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 bath the green manuring and dual cropping can meet the
total nitrogen demand of a rice crop. In case of green manuring, fresh Azoila 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 quarntity can not be buried and the leftout floating Azolln fronds grow along with
rice plants and benefit the crop at latter stages of crop growth. One iaver of Azella
provides about 20-40 kg N/ha.

If maintenance of standing water before planting is not possible, Azolls in
inoculated at the rate of 0.3-1.0 t/ha after a week of rice transplantation. It grows with
rice plants and covers the area in 20-30 days. Thick mat of Azolla starts decomposing
automatically and, thus, released nitrogen becomes available to the rice plants. It is
advisable 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 effective, since it
decomposes itself. The crop vesponse was studied with these methods using severat
high vielding verities and significant increase in grain and sfraw yields was noticed.
The useof 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
Azolln are also established. Azolln 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 3-10 cm standing water and maintain it till multiplication is continued.
Raising the water level to 30cm will not affect Azolla growth adversely.

Inoculate fresh Azolle at the rate of 0.1-0.3 kg per sqm, depending upon the
availability of incoulum. Higher inoculum density is always better for rapid spread.

Mix superphosphate at 4 to 6 kg P03/ ha along with incoulum or sprinkle it after
Azolla 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 Azolla was observed due to mixing 