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Rice production in Punjab has increased 23 times in the past seven decades, mainly due to increased
grain yield rather than increased planting area. This increase has come from the development of high-
yielding varieties and improved crop management practices, such as optimum transplanting time,
nitrogen fertilization, improved weed and irrigation management. However, sustainability of rice
cultivation in Punjab is at risk due to receding water table and degradation of natural resource base. As
the population of India rises, it will pose more pressure on Punjab to produce more rice (about 20%) by
2030 to meet the domestic needs, due to less arable area, less water, global climate change, labour
shortage and increasing consumer demand for high quality rice (which often comes from low yielding
varieties). The major problems confronting rice production in Punjab are excessive use of fertilizers and
pesticides, receding water table, degradation of soil health, and oversimplified crop management.
Despite these challenges, good research strategy can lead to increase in rice production in Punjab.
These include the development of new varieties with high yield potential, resilience to climate change
and tolerance to major abiotic stresses such as drought and heat, and the establishment of integrated
crop management and new crop establishment method, namely direct seeded rice.

Key words: Rice sustainability, Punjab, North-western Indo-Gangetic Plains (IGP), rice productivity, food

security.

INTRODUCTION

Rice is the staple food crop for more than 70% of Indian
people and is the main crop during rainy season in trans-
Indo-Gangetic Plains (IGP), including Punjab (Prasad
and Nagarajan, 2004). Currently, annual total planting
area in Punjab under rice is 2.8 million hectares,
comprising 6% of India’s rice cultivated area. Punjab
ranks first under Indian context with average unhusked
rice productivity (6 t/ha) level which is at par with average
productivity of China (FAOSTAT, 2009). About 85% of
the total area in Punjab is planted with non-basmati type
of varieties. Aromatic varieties of rice are generally grown
in North Western part of Punjab, as the climate is very
congenial for raising fine quality of basmati rice. Another
important feature of rice is that it is grown following flood
irrigation (Hira, 2009). The area, production, and
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productivity of rice in Punjab have increased by 6, 23 and
3.9 times, respectively for the last seven decades (Figure
1). The quantum jump has been accrued on account of
the development of new genotypes since late 1960s
coupled with the development of new production and
protection practices, such as nutrient, water, pest, and
agronomic management.

The development of irrigation infrastructure in Punjab
had played a major role in improving the productivity of
rice in Punjab. Presently, 12.6 lac tubewells are drafting
water for rice cultivation in Punjab.

Punjab, constituting 1.5% geographical area of the
country, has been contributing 40 to 50% of its production
to the central pool for the last four decade. Further, over
95% of the food grains that are moved inter-state to food
deficit areas through the public distribution system are
the stocks procured from this state.

At present, the productivity enhancement warrants
attention and efforts are being made to break its barrier
using improved genotypes and following precision
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Figure 1. Time trend of rice cultivation and productivity.

management in increasing the input use efficiency. Rice
demand in India will continue to increase as a result of
burgeoning population pressure and increasing of
urbanization area. It further gets complicated with the
change in socio-economic and physical environment
related to rice production in Punjab. Undoubtedly, rice
was not the traditional crop of this state, and its high level
of production led to overexploitation of natural resources
such as soil and water. The complexities of problems
would further increase, but simultaneously efforts are
being made to counteract the noticed hardship by
evolving new technological modules/capsules to address
the propping up constraints.

CHALLENGES TO RICE SUSTAINABILITY
Shrinking land holding

During the last 50 years, arable land under rice in Punjab
increased from 0.4 to 2.8 mha. There is no scope for
horizontal expansion on account of static cultivated area
(4.2 mha) for the last 4 decades. Therefore, most of the
future increase in rice production must come for greater
yield on existing crop land to avoid environmental
degradation, the destruction of natural ecosystem, and
loss of biodiversity. Scientifically, keeping in view the
surface and underground water availability in the state, it
has been perceived that water resource can sustain 1.6
mha of land under rice and 1.2 mha areas should be
brought under other crops for sustaining rice productivity
and maintaining the eco-balance under Punjab conditions
(Hira, 2009).

Looming water crisis

Before partitioning, Punjab was known as land of five
rivers, and there was plenty of water for irrigation. After
partitioning, the major part of the canal irrigated area had
gone to Pakistan. The hardworking peasantry continued

to develop agriculture and with the favourable
government policies, the network of irrigation
infrastructure was created. Presently, 97% of area of this
state is irrigated (71% by tubewell and 29% by canal).
The scarcity of freshwater resources now threatens rice
production in Punjab, mainly because of receding water
table and increasing competition for freshwater resources
from the urban and industrial sectors. Research revealed
that puddled transplanted rice requires 3 to 4 times more
water than other cereal crops, such as wheat, maize, and
cotton (Gill et al., 2008). No doubt, it is a rainy season
crop, but the extent of rainfall under Punjab condition is
declining and its distribution is highly erratic in time and
space (Kaur and Hundal, 2008). As a result, continuous
cultivation of rice with underground water resulted in
over-exploitation of the underground reservoir decline; it
did not only affect the ecological condition of the state,
but also the economical conditions impaired equally
ultimately created panic over water crisis. All program-
mmes now have been focused to: ‘save water, save
Punjab’. Farmers in this region have also started to
realize it while installing deep tubewell. Every year, the
water table is going down by 40 to 50 cm. As much as
11,145 tubewells have gone dry in central districts.
Nearly, 6100 tubewells have been converted from
ordinary to submersible ones. The water drawing
efficiency of other tubewells has been affected up to
35%. Electric motors have been lowered by making brick
wells, and ultimately, cost enhancement has increased
immensely. So, rice production in this high productivity
area of India is threatened due to depletion of underg-
round water (Rodell et al., 2009; Hira, 2009). Estimates
indicate that mean water-table depth, which was 22.8 m
in 2006, would likely increase to 34.2 m in 2016 and 42.5
m in 2023.

Irrigated rice farmers will be forced to diversify their
cropping system by growing aerobic rice, basmati rice,
maize, and other less water requiring crops (Gill and Jat,
2006). Likewise, the quality of ground water is also
deteriorating.

The groundwater quality map (Figure 2) shows that salt
concentration has increased from the North Eastern to
the South Western end. About 40% area of the state in
the Southwest part has saline groundwater. By 2023, in
the Central Zone of Punjab where water is of good
quality, groundwater table is expected to sink to a depth
of 41.2 m in Ludhiana, 44.5 m in Jalandhar, 46.7 m in
Sangrur, 51.8 m in Moga, and 57.3 m in Patiala districts.
Both Sangrur and Moga districts are very close to the
Southwest zone where groundwater is more saline. In
these districts, groundwater quality would deteriorate,
because of a reverse flow mechanism. The soil-surface
slope is in the direction of Northeast to Southwest and the
direction of groundwater flow is the same.

For many centuries, groundwater had been flowing
from the Northeast to the Southwest direction, with a
gradient of 30 cm (1 foot)/km. Once the “reverse flow
mechanism” starts, it would deteriorate groundwater
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Figure 2. Map showing quality of irrigation water in Punjab.

quality of the Central Zone of Punjab with disastrous
consequences. |t was substantiated by the study
conducted by the Punjab Agricultural University (PAU) in
the NihalSinghwala block of Moga district. It was found
that from 1997 to 2004 period, the percentage of water
samples falling in the fit category’ decreased from 51 to
28% and that of the ‘unfit category’ increased from 11 to
29% (Singh and Bishnoi, 2008). These observations
suggest that if the water-table fall in the central districts
continues, tubewell irrigation water quality may
deteriorate. This is a looming problem that may happen in
the near future.

Global climate change

In the frequency of natural disaster such as abrupt
temperature change, incidence of erratic rainfall has
increased partially, because of global climate change
(Hundal and Kaur, 1996). During the last decade,
sizeable variation in climatic parameters (temperature,
rainfall, etc) has been noticed which not only affected the
natural resources, but also influenced crop yields greatly,
and as a result the crop yields are decreasing over time.

Climate change is real and manmade on account of
over- exploitation and non-recycling of resources.
Sharma and Mishra (2001), while studying the effect of
simulated burning condition of crop residues, reported
that complete burning of rice straw resulted in 100, 20.1,
19.8, and 80% losses of nitrogen (N), phosphorus (P),
potassium (K), and sulphur (S), respectively.

The corresponding nutrient losses due to burning of
wheat straw were 100, 22.2, 21.8, and 75%, respectively.
Apart from the loss of such valuable constituents of soil
fertility, burning also causes environmental pollution, fire
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hazards, besides the destruction of the natural fauna in
the soil.

Increase in night temperature is greater than that in
day-time temperature, considered crucial in climatic
change (Mathauda et al., 2000). Rice grain yield
decreased by 10% when night temperature increased by
1°C during the growing season (Sinha and Swaminathan,
1991; Peng et al., 2004). The higher maximum and mini-
mum tem-perature results in decreasing spikelet sterility
(Yoshida, 1981). The high minimum night time tempe-
rature affected rice productivity on account of reduced
crop duration, increased respiration rates and changed
photosynthate partitioning to grain. It also affected the
survival and distribution of pest populations, hastened
nutrient mineralization in soils, decreased fertilizer use
efficiencies, and increased evapotranspiration (Aggarwal
and Mall, 2002; Sinha and Swaminathan, 1991). A large
proportion of grains remain empty when air temperature
is higher than 35°C (Matsui et al., 2000; Mahajan et al.,
2009a).

Recent studies, however, suggested that the effect of
global warming would be largely negative for rice
production, because of increased respiration and
shortened vegetative and grain filling period. It is believed
that climate change would affect the quality of crops;
particularly, aromatic crops such as basmati rice.

Therefore, efforts are being made to develop cultivars
having resilience to temperature and drought stress. The
promotion of aerobic rice following conservation tech-
niques will overcome the methane emission and nitrous
oxide formulation, a common notion in trans-planted
puddled rice.

Labour scarcity and increasing cost of production

Earlier farmers in Punjab used to take the help of
migrated labour for transplanting rice. But now, on
account of the development activiies and
industrialization, many states have provided employment
opportunity for the local residents, and as a result the
migration of labour working class has reduced,
perceptibly affecting agriculture in Punjab.

During 2010, the transplanting charges of 1 ha/rice
area varied from Rs. 3500 to 4500 as against the earlier
years between Rs. 1300 and 1500 ha. Cost of production
has increased immensely as a result of labour scarcity,
lowering down tubewell bore, installation of more
horsepower motors, shortage of electricity supply, depen-
dence on electric generator sets, variation in rainfall
(extent and distribution), and merely increase of 1%
minimum support price against price escalation of inputs
by 3.5%.

The growth rate of agriculture under Punjab conditions
registered at 10% in 1980s has come down to mere
1.2%, and soil got fatigued and sick requiring more dose
of fertilizers, pesticides, and other inputs to achieve the
same level of productivity (Singh, 2009).



5614 Afr. J. Agric. Res.

Multinutrient deficiency

Another challenge noticeable in rice growing area is the
multi-nutrient deficiency, comprising major, secondary,
and micronutrients that are propping up resulting in
deterioration of soil health. Puddling results in the
dispersion of soil aggregates and fine clay particles get
fixed in pore space and encourage ponding of water. It
affects oxidation and reduction conditions, thus governing
the availability of nutrients. Moreover, there is interaction
amongst the availability of plant nutrient present in
excess. The soil of the state is now showing sign of
fatigue, with depleting soil fertility and micronutrient
deficiency of Zn and Fe (Nayyar et al., 2006). Fertilizer
use efficiency in rice is only 30 to 35% which causes
environmental and ecosystem deterioration (Yadvinder-
Singh and Bijay-Singh, 2001). The losses of nitrogen are
taking place due to ammonification, nitrous oxide
formation, and leaching of nitrates. The runoff and
leachate of nitrogen are causing eutrophication of water
bodies leading to fish mortality. The high concentration of
nitrate in drinking water reduces the oxygen in blood
stream and causes blue baby syndrome in children and
other diseases in human being. Balanced application of
nutrients will certainly help to take care of soil health.
Further, strengthening with  integrated nutrient
management will be highly conducive to improve edaphic
factors.

Excessive use of fertilizer

Fertilizers need to be applied at the proper time and site
with correct method, and if they are applied later than
usual or at wrong sites, they may have harmful effect on
crops. Punjab is currently India’s largest consumer of N
fertilizer, and between 1975 and 1988, average fertilizer
N consumption increased from 56 to 188 kg N/ha/year
(Yadvinder-Singh et al., 2007). Application of nitrogen
increases the size of cell, merismatic activities and
formation and function of protoplasm, which consequently
increase crop growth (Verma and Saxena, 1995). Under
high level of N fertilization, losses due to leaching,
denitrification and NH; volatilization are much more
compared to the rational use N application based on real
N-time application using leaf colour chart and chlorophyll
meter (SPAD) methods. There is need to create
awareness among farmers to use the new methods to
apply fertilizers. The customized fertilizers having major
and micro nutrient may prove more useful for getting
more response and to reduce cost of production.

Emergence of new weeds

Continuous cultivation of rice in rice-wheat system has
led to the development of new biotype of weeds which

were not controlled by the existing molecules of
herbicides (butachlor group, etc). New biotypes and pests
are appearing with the continuous cultivation of rice in the
rice-wheat rotation. Problem of Lepfochloa chinensis
(chini ghaas) and Ischameum rugosum (kanaki), which
were earlier hard to see in rice crop, can be seen
anywhere in rice crop now (Mahajan and Timsina, 2010).
Likewise, broad leaf weeds (Gharilla) have also started
appearing in rice and cannot be killed with the common
used herbicide (butachlor). Moreover, the weed flora
under puddled and aerobic conditions is different to a
great extent. Therefore, control measures are to be
identified separately by following sequential spray
schedule as compared to the pre-emergence application
of the major group of herbicides so far. Another weed
known as wild rice is also appearing in traditional areas
where seeds are shattered in the standing paddy crop on
account of early maturity; and it is not being controlled by
the recommended herbicides, because its taxonomy and
morphology is the same with that of rice.

Burning of rice residues

Punjab produces about 15 million tons of paddy straw.
About 80% of the straw is burnt in the fields, particularly
after combine harvesting. At the current prices, the cost
of N, P,Os5, and KO lost in the residues burnt comes to
be Rs. 427 crores (Aulakh, 2004). Besides, nutrient loss,
burning of rice straw also results in air pollution. It emits
CO,, CO, nitrous oxide, suphur oxide, and suspended
matter in the air. The oxide of N and S is a potent source
of acid rain, CO, and CO of global warming of carbon (C);
it produces about 24 million tons of CO, in a short span of
15 to 20 days. Efforts are being made to develop the
technology for recycling paddy straw. The C:N ratio of
paddy straw is about 80:1 and to bring it into 20 to 30:1
takes enough time (around 20 weeks). Decomposition in
incorporated field makes N availability less, and crop
suffers from N stress. Using of crop residue following
conservation agriculture is another viable option using
second generation machinery. The results obtained till
date amply advocate its beneficial effect on soil health
and help to reduce the cost of production substantially. It
also saves water, regulates soil temperature, suppresses
weed flora, and above all, improves thermo-hydro regime
which enables the wheat crop sown after rice to dissipate
the effect of abrupt rise in temperature at the reproductive
stage.

RESEARCH STRATEGIES FOR INCREASING RICE
PRODUCTION IN PUNJAB

Improved rice cultivars

Germplasm collected worldwide is not much utilized by



the conventional breeding approach due to low genetic
diversity and their vulnerability to biotic and abiotic stress.
Till date, no cultivars in the IGP for aerobic rice which can
help to develop early vigour and use of water from the
lower profile are available. The use of the cultivars having
non-exacting root system needs to be encouraged. To
overcome the change in climate, e.g. prevalence of high
temperature at sowing/transplanting time and cloudy
weather at inflorescence stage that affect crop growth
and yield, improved cultivars are needed. Therefore,
attention needs to be given to these issues through
genetic modification techniques. The use of the cultivars
which are more proficient to photosynthetic active
radiation (PAR) at the initial stage may be encouraged.
Shortly after emergence, the plant seedlings become fully
autotrophic, manufacturing their own constituents from
CO,, water and mineral elements and transferring radiant
energy into usable chemicals. In aerobic rice, there is
problem of reduced sink size and high spikelet sterility
which can be addressed through breeding programme.
The situation is even worst in hybrid breeding programme
due to limited magnitude of heterosis. It may be attributed
to interaction of male sterility inducing cytoplasm and
fertility restorer genes and is responsible for negative
heterosis for spikelet fertility (Ramesh et al., 1999). The
directly introduced Chinese hybrids as well as the hybrids
developed by using Chinese females and locally
developed male parents did not perform well. Hybrids
developed by using the locally developed cytoplasmic
male sterility (CMS) and restorer lines showed
inconsistency in their performance due to the
susceptibility of their parallel lines to bacterial blight, poor
seed quality, and along with lodging susceptibility of the
hybrids. Further investigations are still going on for
evolving the rice hybrids.

Improving yield of basmati rice cultivars

Receding water table and increasing consumers’ demand
for high quality rice (basmati) warrant new directions in
rice breeding programme. The added advantage to
basmati rice is that their growing periods exactly
coincides with the peak of rainy season and escape
water shortage and weed menace. Rice varieties
(aromatic) with high grain quality generally do not give
high very yield; although, no genetic linkage between
yield and quality has been found. The basmati rice grown
in Northern part of the country in general and particularly,
Punjab has great significance at global level. It is directly
linked with the cultivation of photosensitive local cultivars
well acclimatized with the climate. The lower temperature
at the reproductive phase is the vital factor responsible
for quality improvement. As living standard improves, the
demand for high quality rice also increases (Anonymous,
2009). In 2000, less than 4% of rice area in Punjab was
planted with high grain quality aromatic rice; presently,
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these are being grown in more than 15% rice area. When
rice quality becomes the focus, yield improvement will
receive less attention. The productivity improvement of
aromatic rice enabled the evolvement of 10 rice varieties
with high grain aromatic quality as well as production and
protection package. On average, it has been realized that
currently evolved cultivars, namely Punjab Basmati 2,
Pusa Basmati 1121, Superbasmati, and Pusa Basmati 1
yields range from 25 to 40 g/ha, considered as fairly good
yield levels.

Optimum use of pesticides

On an average, rice farmers in Punjab overuse pesticides
by more than 30%. Over application of N fertilizer is
partially responsible for the overuse of pesticides. In
many cases, pest outbreaks were the result of overuse of
pesticides, because of their effect on biodiversity. The
study of Tiwana et al. (2009) revealed that Punjab
consumed about 17% of pesticides used in India. The per
hectare pesticide use is the highest in Punjab (923 g/ha)
as compared to other agriculturally advanced states of
India, like Haryana, Andhra Pradesh, Tamil Nadu,
Karnataka and Gujrat. Although, the use of pesticides
has helped to enhance economic gains through crop
protection, they have had serious implications on human
health and non-target plants and animals by accumu-
lating in food and water. The recent recommended
approaches explaining the use of chemicals based on
economic threshold level for the control of different
insect-pest do not only help to reduce the incidence level,
but simultaneously prove cost effective and evade
resistance problems. The economic thresholds for the
control of stem borer in rice and basmati rice are 5 and
2%, respectively. Likewise, integrated pest management
(IPM) is another viable approach to keep the incidence of
insect-pests under check. Recently, to keep surveillance
over insect pests and control by following insect specific
method, kind, and dose specific of chemicals for making
crop cultivation eco-friendly with minimum pesticide load
is gaining importance and is a wise step towards
optimum use of pesticides.

Matching of water availability with land use system

Total availability of water resources (canal water, rainfall
and seepage) in Punjab was estimated to be 3.13 million
ha m /year and water demand for irrigation purpose was
found to be 4.33 million ha m /year. Thus, there is deficit
of 1.2 million ha m /year of water. With the available
water resources, Punjab can sustain only 1.6 m ha area
under rice. Recent studies conducted at PAU revealed
that wet seeded rice as well as aerobic rice culture is
superior to traditional transplanted rice culture in terms of
water use efficiency. There was a saving of about 290
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mm of water under direct sown crop which was about
25.1% less than the water used by transplanted crop.
Such type of agronomic management practice will
certainly help to use the available water more rationally
with high level of water productivity. Adoption of direct
seeded basmati rice further accentuates water saving
and needs to be encouraged at large scale by creating
the marketing structure more emphatically. Results
clearly advocate that the first fortnight of June, using 15
to 20 kg seed rate/ha at 2 to 3 cm soil depth and 20 to 25
cm row spacing gives productivity that varies from 6 to 8
t/ha. Irrigation water may be applied after 3 to 5 days
when the ponded water is infiltrated into the soil.
Likewise, sequential application of pendimethalin (1
kg/ha) as pre-emergence followed by post emergence
application of bispyribac Na (25 g/ha) proved effective for
satisfactory weed control (Mahajan et al., 2009b). The
promotion of direct-seeded rice (DSR) is the appropriate
option of crop diversification in Punjab for high yield
realization and efficient use of resources. The impact of
direct seeding of rice on long term productivity and
sustainability of the system, however, requires careful
evaluation within the context of production system.
Varieties having characters of anaerobic germination,
weed competitiveness, and efficient in Fe uptake from the
soil are the key needs for direct seeding to be widely
adopted in the near future.

Use of furrow irrigated raised bed (FIRB) technology
and laser levelling

Nitrogen use efficiency is directly linked with water
availability. The pre-requisite for uniform water availability
is the levelling which can be accrued through the use of
laser land leveler. The uniform application of water in
furrow following FIRB planting system enhances water
nutrient and herbicide use efficiency; nitrogen use
efficiency was mainly attributed because of the
accumulation of nutrients in the beds and reducing the
leaching losses also on account of less ponded wet area
(Kukal et al., 2008).

Potential agronomic advantages of beds include
improved soil structure due to reduced compaction
through controlled trafficking, reduced water logging,
better surface drainage, improved fertilizer placement
and feasibility of mechanical weed control , reduced
irrigation time, and improved yields on fine-textured soils
prone to water logging. Farmer and researcher trials in
the IGP suggest irrigation water savings of 12 to 60% for
direct seeded (DSRB) and transplanted rice on beds
(TRB), with similar or lower yields for TRB when
compared with puddle flooded transplanted rice (PTR),
and usually slightly lower vyields with DSRB
(Balasubramanian et al., 2003). Rice-wheat systems on
permanent beds have been intensively researched in
Punjab, India and the results showed that there was no

yield advantage of growing crops on beds as compared
to flats, but there was little advantage in water savings
(Humphreys et al., 2008; Kukal et al., 2008; Yadvinder-
Singh et al., 2008, 2009). Another earlier study in the
North West IGP also showed little effect of rice on beds
on water productivity (typically around 0.30 to 0.35 g/kg)
as the decline in water input was accompanied by a
similar decline in yield (Sharma et al., 2002). With few
exceptions (Maynard, 1991; Limon et al., 2000), the beds
are heavily cultivated and reshaped or completely
reformed each year, at considerable expense. But the
acceptance of this technology by the rice-wheat farming
system has been low owing to significant cost of making
beds and their subsequent re-shaping on regular basis.
Besides, bed-planter machine in North West IGP with
large farm size requires tractor of higher (more than 45)
horse power and custom hiring is still not a popular
practice.

Adoption of practices without any distortion

Earlier farmers in Punjab used to take the help of
migrated labour for transplanting rice. But now with the
aid of the central government, the various state
governments have initiated employment generation
programmes, such as National Rural Employment
Gurantee Act, which resulted in a sizeable reduction in
the labour availability. Moreover, urbanization and
industrialization have engaged large chunk of farm
labourers. On account of labour scarcity, the farmers
have dispensed very useful operations recommended by
Punjab Agricultural University, which is affecting rice
productivity. As a result, many rice farmers have over
simplified crop management practices. Now, the farmers
are applying herbicide by making hole in liquor bottle and
sprinkling liquid formulation in the field, but the instruction
is to mix in 150 kg sand/ha and spread uniformly 2 days
after transplanting. These practices reduce the herbicide
use efficiency and prove less productive. Secondly, on
account of more labour cost, the farmers used to apply
fertilizer by broadcasting and using of nitrogen in
particular less splits as compared to recommended ones.
For realizing high rice productivity, 33 hills/m® are
required, but resource characterization survey revealed
that plant population at cultivators’ fields varied from 18 to
22 hills/m® In alkaline soils, 2 to 3 seedlings/hill are
recommended because on account of high concentration
of sodium, seedling mortality takes place, but they plant
only one.

Integrated nutrient management
The continuous use of chemical fertilizer in different

production system has created a void in the availability of
major and micro plant nutrients and to achieve the same



yield level, the quantity of plant nutrients needs to be
enhanced. It is thus realized that to maintain soil fertility,
use of fertilizer in combination with organic source of
nutrition is required. The organic matter addition may be
through crop residue management/green manure/-
compost/farm yard manures, improve the physical
condition of soil. The adoption of integrated nutrient
management in rice-wheat system has a great potential
to off-set the heavy requirements of chemical fertilizer,
leading to maximum yield and sustainability of crop
productivity over long term basis.

Amongst various organic manures, green manure (in-
situ) helps to enhance organic matter content of soil,
maintains and improves soil structure, reduces loss of
nutrients, particularly N, provides a source of N for the
succeeding crop and reduces soil erosion, thereby
increasing the production of crops (Greenland et al.,
1979). Likewise, green manure is inexpensive,
ecofriendly alternative to mounting prices of fertilizer
nitrogen and has become an efficient technology in
economizing the agricultural production system, ensuring
productive capacity of soil without causing environment
problems (Bana and Pant, 2000). Green manures,
particularly the legumes have relatively more N, low C:N
ratio and behave almost like chemical nitrogenous
fertilizer (Bhuiyan and Zaman, 1996).

Green manuring, particularly in rice is a well
established practice, and saving of fertilizer N through
green manure ranged from 30 to 100 kg N/ha and in most
cases it was around 50 to 60 kg N/ha (Ladha et al.,
1988), 45 to 60 kg N/ha (Sharma et al., 1985), 90 kg N/ha
(Ghai et al., 1988), and 120 kg N/ha (Beri et al., 1989).
Incorporation 45 days old, Sesbania aculeate and
Sesbania rostrata accumulated 185 and 219 kg N/ha,
respectively (Palaniappan et al., 1990). After two cycles
of rice-wheat cropping, soil N decreased except in green
manured plots fertilized with 120 kg N/ha (Tiwari et al.,
1995).

Site specific nutrient management (SSNM)

SSNM is the application of need of nutrient based on the
soil test. It is the approach which ensures the harvesting
of potential yield, because to a great extent it helps to
fulfill the 5 basic principles of soil management, essential
for sustainable agriculture. (1) chemical nutrient removed
by the crop must be replenished in the soil, (2) physical
condition in the soil must be maintained which usually
means that humus level must be constant or increase, (3)
there must be no build up of pests and diseases, (4)
there must be no increase in soil salinity or toxicity, and
(5) soil erosion must be controlled. Gill (2006) reported
that SSNM approach in hybrid rice PHB-71 along with
balanced supply of nutrients in combination with micro
nutrients enables the breaking of yield barrier from 13 to
17 t/ha, a remarkable increase in productivity of rice-
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wheat by 4 t/ha per annum which is mainly, because of
paddy yield (10 t/ha). The yield contributing characters
were improved with notable margin under SSNM. The
results of SSNM experiment further advocated that this
approach can only help to achieve the climatic yield
potential of 18 t/ha/annum under Punjab conditions. The
main micro nutrients applied were B, Cu, Mn, and Zn,
while secondary nutrient applied was S to rice only. The
corresponding rates of application were 5, 10, 20, and 25
kg/ha, respectively of micro nutrient and 40 kg/ha of S.

Strengthening of crop improvement programme

Pawijel Agricultural University is striving hard to develop
new genotype of rice with expected productivity level of
10 t/ha. Till date, out of 30 improved cultivars released so
far in Punjab State, PAU-201 cultivar fulfilled the
hypothesis by giving 10 t/ha productivity. Among hybrid,
PHB-71 gave almost 10 t/ha productivity. Unfortunately,
both cultivars are not being grown, because PHB-71 is
prone to lodging, while PAU-201 has become the victim
of quality aspect. To maintain high pitch of 10 tha
achieved in research programme, further attention should
be given to the following in the coming days: (1) new
varieties must be resilient to climate change, (2) cultivars
must be tolerant to heat against spikelet sterility and (3),
Direct seeded rice cultivars must be tolerant to drought
stress during initial stages, and also must be tolerant to
water logging during germination stage. In the past, most
research focused on improving rice yield when water and
nutrients were amply supplied (Timsina and Connor,
2001); but now, there is an urgent need to understand the
physical mechanism coupled with crop management
strategies to avail the full expression of yield potential.
High yield with less nutrient and water requirement is the
need of the hour which can only be possible through
gene mutation, marker aided selection, and through the
transformation of genetic engineering. Then, only the
cultivars that evolve will be cost effective, have input use
efficiency and will have compatibility with specific
environment.

Integrated crop management

Various technologies for crop management have been
developed in Punjab in the past for increasing rice
productivity, from time of transplanting to harvesting. We
believe that these will continue to play an important role
in sustaining rice yield. Optimum time of transplanting
rice (15 June to 5 July) has been standardized for
maximum crop and water productivity (Mahajan et al.,
2009). In case transplanting is delayed, then
transplanting of 60 days old nursery should be done to
compensate for the delay (Gill and Shahi, 1987). Close
spacing of 15 x 15 cm was recommended rather than 20
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x 15 cm spacing under late transplanting (Shahi and
Khind, 1976). Application of N in 3 splits (basal, 21 DAT,
42 DAT) gave better productivity than 2 splits (Meelu and
Gupta, 1980; Mahajan and Sekhon, 2010). Green
manuring before paddy transplanting saved 50% N to rice
(Bopari et al., 1992). To reduce the incidence of lodging
in basmati rice, pruning of plants by 15 to 20 cm from top
after 45 DAT can be done (Sardana et al., 2006).
Alternate wetting and drying of paddy fields should follow
irrigation scheduled to apply water 2 days after applying
ponded water in the soil (Sandhu et al., 1980). Likewise,
second and third split of nitrogen should be applied when
water is not ponded and apply irrigation 3 days after
application of nitrogen. In addition, synergy among
fertilizer, water and pest management should be consi-
dered to maximize overall efficiency of the production
system. New technology will be judged not only on the
basis of yield and profitability, but also based on its short
and long term impact on the environment. Sustainability
of rice production system in Punjab can be maintained
only when the natural resource base is protected and
ecosystem services of the rice system are maximized.

Integrated pest and disease management

Rice production in Punjab faces many biotic stresses,
which include bacterial blight, sheath blight, sheath rot,
false smut, white backed plant hopper (WBPH), leaf
folder and stem borer (Anonymous, 2009). Huge yield
losses occur due to these biotic stresses every year.
Infestation of leaf folder, bacterial blight false smut and
sheath blight have become more severe in the recent
years, because of breakdown in ecosystem stability
caused by the heavy use of pesticides and the increase
in air temperature due to global warming. Scientists in
Punjab have already isolated many genes with disease
and insect resistance from cultivated and wild species.
Currently, more than two dozen genes conferring
resistance to bacterial blight (BB) have been identified
and designated as Xal to Xa30(t) (Cheema et al., 2008).
These genes with resistances have been transferred into
local varieties through transformation or backcrossing.
Bacterial blight resistance genes Xa5, Xa13 and Xa21
have been pyramided in PR106 background (Singh et al.,
2001). Likewise, BB resistance genes Xa 13 + Xa21 and
sd1 for dwarfness were pyramided in tall basmati rice
varieties. These genotypes are currently under testing.
Bt-transgenic rice is a successful example for controlling
stem borer although it has not been released officially for
commercial production. At PAU, genetic transformation of
basmati rice using synthetic Cry7Ac gene has been
achieved. The genotypes carrying this gene have
enhanced level of resistance to yellow stem borer
(Gossal et al.,, 2001). The genetics of genes for
resistance to whitebacked planthopper (WBPH) from five
highly resistant stocks (Mudgo, MR1523, ARC11369,

NCS2041 and MO1) have been worked out (Brar, 2002).
Efforts are being made at PAU to identify and
characterize new source of resistance against some
diseases, including, sheath blight, brown spot (Goel et
al., 2006), etc., for which, major genes are not identified.
Accumulation of minor genes in the single genetic
background seems to be an effective way for controlling
these diseases. Resistance donors were identified
against Punjab pathotype of Xanthomonas oryzae pv.
oryzae and genetics of resistance have been worked out
(Sidhu et al., 1979).

Rice varieties Lua Ngu, Nagane Tia, Nam Sagni, Nam
Sakouy and Patong 32 each carried dominant allelic
genes imparting resistance against bacterial blight. Single
recessive genes that are also allelic confer resistance to
Punjab isolate in DF4, DV 29, DV 85, DV 86, DZ 78, BJ 1
and Pl 231129. Dominant gene of Patong 32 and
recessive gene(s) from RP 2151-173 -1-8 have been
transferred to improved genetic background and resistant
varieties with diverse genes for bacterial blight resistance
have been released during different years (Bharaj et al.,
2005). Since 1994, PAU has developed ten varieties of
rice, namely, PR 111, PR 113, PR 114, PR 115, PR 116,
PR 118, PAU 201, Punjab Basmati 2, PR 120, and
Punjab Mehak 1. All these varieties, except Punjab
Basmati 2, possess genetic resistance against bacterial
blight pathogen for which no chemical control is feasible.

Two varieties namely, PR 108 (released during 1986)
and PAU 201 (released during 2007) possess moderate
level of resistance against WBPH. PR 108 also
possesses resistance against backed plant hopper
(BPH). For disease resistance, another strategy is to
focus on quantitative resistance (mostly polygenic) that
provides broad spectrum resistance against multiple
pathogen races or different pathogens (Mew et al., 2004).

This can be combined with major resistant genes to
achieve a higher degree of more stable resistance. The
dynamics and severity of pest attack has shifted with the
adoption and spread of rice-wheat crop rotation in Punjab
during the last three decades. Excessive use of
chemicals for pest control in agriculture is known to
degrade the environ-ment. Integrated Pest Management
(IPM) involves a proper choice and blend of compatible
tactics (cultural, mechanical, biological and chemical), so
that the components complement each other to keep the
pest population at manageable levels.

The study reveals that a significant population of
overwintering stem borer larvae in rice stubbles is killed
when fields are disc ploughed 2 to 3 times. It has also
been observed that if the rice crop is planted
synchronously only during the recommended period of
planting, chances of multiplying stem borer population
are decreased to a greater extent. Work on mass
trapping of yellow stem borer through pheromones has
given some positive results to reduce incidence of pests.
Studies have also shown that with the increase in
nitrogen level, there is an increase in population of leaf



folder and WBPH.

CONCLUSION

The new initiative such as integrated nutrient manag-
ement, real time-N application, site specific nutrient
management, evolution of high yielding varieties resistant
to biotic and abiotic stresses, and strengthening of
research to evolve varieties which are high nutrient
responsive with high water use efficiency will prove as
boon facts for sustaining the rice productivity over a
longer period of time. Technology on direct seeded rice
will further help to enhance water productivity, reduce
labour cost and complete sowing operation in a stipulated
time frame. Efforts are underway towards the develop-
ment of improved variety by integrating germplasm,
genomics resource, and molecular technology. The
improved variety will have resistance to major diseases
and insects; high efficiency in nutrient use including Fe
and Zn; resistance to major abiotic stresses such as
drought, salinity and abnormal temperature; high grain
yield, and above all grain quality. It is anticipated that
development of improved varieties will result in increased
rice production with greatly reduced inputs in Punjab,
thus providing livelihood and food security for India.
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