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PREFACE
Dependency on weather in agricultural operations is the main limitation of the farmers
of the North Eastern region. Though importance is given on rain water harvesting and
recycling through various schemes and programs of central and state Govts., those are having
limited performances and crops are still subjected to mid-season vagaries of nature. Besides,
the inherent resource poorness of the farmers have made them shy to stay away from improved
agricultural technologies owing to dependency on external market for the inputs, which are
generally costly and high maintenance costs. The region is already a recognized very sensitive
ecosystem and any imbalance in the natural and production processes is likely to hamper
the normal livelihood and food security.
Under such circumstances and governed by the principles of adaptation to natural
changes and mitigation of the harmful cause and effects of rapid global climate change, the
Govt. of India introduced a new research scheme, called National Initiative on Climate
Resilient Agriculture (NICRA) to safe guard the interest of the common farming community.
The ICAR RC NEH Region is also an important partner of this national flagship program on
climate change. Since 2010-11 under the theme area of basic and strategic research in natural
resource management, crop improvement, livestock and fishes new state of the art
technologies have been tested in the institute and ones proven suitable they have been released
systematically for adoption by the farmers. The main scope and objective of researches
carried out under the aegis of NICRA are to enhance the potential of the farmers for adaptation
and mitigation of the adverse affects of climate change.
While achieving the ultimate goal to reach to the farmers, there is a constant need to
up date the coworkers involved in the same line about the new technologies/interventions
and about the state of the art infrastructures raised for research purposes. This serves the
purpose of confidence building among them and helps in coming out with new innovative
ideas of practical importance. The climate change challenges can be tackled only with the
active participation of different stakeholders of the society. That invites the necessity to
compile important perspectives on the regional developments in climate change research
and policies and thus can help in the pooling of regional resources to address the threats and
challenges.
Keeping in view of the above facts this book has been brought out to bring familiarity
with state of the art research technologies/interventions/innovations and dissemination of
the recent scientific advances in the field of soil, plant and water management to enhance
adaptation and mitigation potential of farmers of North Eastern Hill Region in the backdrop
of climate change.

SV Ngachan
Director
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Efficient water resource management in the farming
systems: Key mitigating strategies for climate change
led constraints
DJ Rajkhowa, US Saikia and SV Ngachan
ICAR Research Complex for NEH Region, Umiam, Meghalaya, 793 103

Water is a vital component of agricultural production and is essential to increase both
quantity and quality of produce. Agriculture is the major user of water in most countries and
currently this sector faces the enormous challenge of producing almost 50 % more food by
2030 and doubling almost 50 % more by 2050. This has to be achieved with less water
resources, mainly because of increased competition arising out of growing population
pressure, urbanisation, industrialization and climate change. It is now well accepted that
climate change may have large impact on water resources of a region mostly by affecting
fundamental drivers of hydrological cycles. Other processes like change in population size
and location, economic development and land use, infrastructure, ground water development
and changing social values etc. also have major influences on water resources and must be
considered along with climate change in a holistic approach to water resource management
(Brekke, 2009). At global level, the total water resources amounts to 1385.5 m km3 of which,
97.3% is salt water and 2.7 % is fresh water. Out of the total fresh water available, 75.2%
exist as polar ice, 22.6 5 ground water, 1.9% as soil moisture and 0.3 % is available in lakes
and river. India accounts for 4.0% of global water resources and 2.45 % of land resources.
The country also supports 16% of global human and 15 % of global livestock resources.
The North Eastern Region accounts for 34% (653 BCM) of total water resources and 7.9%
of Indian land mass. The per capita availability and per hectare availability of water in this
region is the highest in the country. However, less than 5% of the existing potential of the
region is so far used for societal use. Against the ultimate irrigation potential of about 4.26
m ha, the area presently under irrigation is only 0.85 m ha. Although the availability of
ground water at relatively shallow depth (within 20 m) is very high in this region, especially
in the valley areas, only 4.3% of the existing ground water potential has been developed so
far. The region is endowed with average annual rainfall of 2500 mm with variability ranging
from 1200 mm in some parts of Nagaland to 11,000 mm in Cherrapunji (Meghalaya). Out of
3500 wetlands (Beels) in Assam, 170 are more than 100 hectares in size and warrants
immediate attention for conserving the flora and fauna that exists in such wetlands and also
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to maintain environmental quality. More than 70% of the rainfall concentrates in four months
(July-September) and unfortunately, the lion’s share of the rainfall particularly in the hilly
region is lost as runoff due to peculiar topography and absence of adequate storage device.
Among the states, Arunachal Pradesh has the highest average runoff of 350 BCM (53.6 %
of NER) followed by Assam 211 BCM (32.3 % of NER) and Mizoram 31 BCM (4.7 % of
NER). Total area covered by inland water in this region is 3,320 km2. The rivers in the
region have a combined stretch of 17,323 km and a total water area of 1817.5 km2. Except
for Tripura, ground water development is low in other states of North east. Assam has the
highest ground water potential among the N.E. states, but presently 12.83% of ground water
is being utilized. The total replenishable ground water resource in Arunachal Pradesh is
1.44, Assam -24.89, Manipur-3.15, Meghalaya 0.54, Nagaland 0.72 and Tripura 0.66 BCM/
year. The level of ground water development in Tripura is 33.43%. The ground water will
continue to play key role in meeting the water needs in spite of abundance rainfall and
surface water availability. For augmenting ground water resources, exploration of prospects
of development of springs, roof top rain water harvesting, construction of shallow tube
wells are some of the welcome strategies. Climate change will affect water availability –
quantity, quality, timing and distribution and other watershed services. The signs of climate
change in different parts of the world are increasingly becoming evident. Every year, humanity
dumps 8 billion tons CO 2 to atmosphere (6.5 billion t-fossil fuels & 1.5 billion tdeforestation). Nearly, 50% (3.2 billion t of CO2) remains in the atmosphere to warm the
planet. In 2003, the CO2 concentration has reached its highest level in i.e. 376 ppm compared
to 280 ppm in 1750. As a result, the global temperature is likely to rise of 1.4–5.8°C during
the 21st century; with rise in sea level by 0.09–0.88 m. Estimated world annual loss of
forestry due to climate change may be worthy of 2 billion US $. Variation in climatic
pattern has been witnessed in almost all countries of the world. Extreme temperature and
rainfall variability are likely to affect global food production and livelihood. Researchers
have found no significant change in monsoon rainfall at All India level, but some regional
variations have been noticed during the recent period. Increase in rainfall in west coast,
north AP and NW India, decreasing trend in east M.P. and adjoining areas have been found.
Increase in surface air temperature by 0.51 0C during 1901-2007 has been estimated from
the historical data. In the mean time average temperature rise by 0.2 0C per decade during
1971-2009, with a trend of greater rise in minimum temperature compared to maximum.
Deglaciation in the Himalayas and sea level rise in Indian Ocean 1.63 mm/year during
1993-2009 are other noticeable changes recorded as result of rapid climate change in India.
The climate change in north eastern region (NER) is also well perceived in the form of
change in temperature, rainfall behavior over times. The annual maximum and minimum
temperature from 1901 to 2003 has increased by 1.02oC and 0.60oC respectively. The
temperature is projected to rise by another 3-5oC during the latter third of this century
(Cline, 2007). The changes in rainfall pattern in NER is well perceived in the form of
change in total rainfall, frequent flood, drought etc. the most striking evidence of changes in
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rainfall comes from the drastically reducing amount of rainfall in cherrapunji, one of the
wettest places in the world. Cherrapunji received less rain in the entire year of 2001 (363
inches) than it got in just one month in 1861 (366 inches in july) (Terradaily, 3 March,
2007). The frequent deficits in rainfall and the recurrent droughts in the region further
substantiate the climate-induced alteration in the rainfall pattern (Manoj-Kumar, 2011).
The change in climate may be due to various causes which may be summarized as due to
Natural factors (volcanoes, ocean current, earth’s tilt, variation in solar radiation received
by earth, etc.) and anthropogenic factors like – burning of fossil fuel, change in land use
pattern, industrialization, urbanization, deforestation, transportation etc. Expected
consequences of climate change are warmer conditions, changes in growing period of crops,
crop/plant migration, drought, extreme hot weather, storm and heavy rainfall/flood which
are likely to bring both threats and opportunities. The trend of climate change as envisaged
through change in rainfall behaviour in NE Region was studied at ICAR RC NEH Region,
Umiam, Meghalaya using gridded rainfall data of India Meteorological Department (Saikia
et al. 2012). The trends obtained for the recent period (1991-2007) have been compared
with the baseline period (1951-1990). In general, the average amount of monsoon rainfall
recorded has decreased from 900-3000 mm (1951-90) to 850-2350 mm (1991-07), indicating
an average reduction of 18% rainfall in the recent period. The Mann-Kendall test indicates
significant (P<0.01) decrease of amount of rainfall in Ukhrul and Senapati districts of Manipur
and Phek, Zunheboto and Wokha districts of Nagaland. Other districts of NE region have
also recorded non-significant decrease of rainfall during the same period. The number of
rainy days is the index to study the distribution pattern of rainfall in any given location. In
the north eastern region the range of rainy days was 65-91 days during four monsoon months
of 1951-90. But, this range has got reduced to 57-85 days in the recent period indicating an
average reduction of 9% rainy days over the region. The reduction is significant (P<0.01)
for all the districts of Nagaland; upper Assam districts of Tinsukia, Dibrugarh; and Tirap,
Changlang, Lower Dibang valley districts of Arunachal Pradesh. The positive point observed
in rainfall distribution is that all the districts of Sikkim and Tripura are holding almost the
same number of monsoon rainy days during 1991-07 as compared to 1951-1990.
Agriculture in the N.E.Region is mostly rainfed, subsistence type and suffers from a
number of constraints. By and large, the region is characterized by fragility, inaccessibility
and marginality. Floods, erosion, landslides etc. are common to the region due to its peculiar
topography, geo-physical settings accentuated by faulty land use systems. The farmers of
region are mostly small and marginal with small land holdings and low investment capacity.
Although the region is receiving very high rainfall but mostly (70 – 80 %) concentrated
within four months (July – September). Winter is virtually very much dry for which farmers
particularly in the hilly states are constraints for growing any crops. Lacks of irrigation
infrastructure, rain water harvesting facilities etc. are some of the major reasons for poor
cropping (133 %) intensities of the region. In order to achieve food and livelihood security,
the adoption of Intensive integrated farming Systems is one of the welcomed approaches.

3

Natural Resource Management for Enhancement of Adaptation and Mitigation Potential under Changing Climate

Integrated Farming System (IFS) is based on the concept that “there is no waste”, and
“waste is only a misplace resource which can become a valuable material for another product.
IFS has been considered as a very effective mechanism to tackle the menace of climate
change as it accommodates different farming components, like crop-animal-fish-horti-MPT
etc. suitably, use of natural resources can be done more judiciously, promotes internal flow
of bio-resources to maintain soil health, promotes conservation and recycling of rain water,
generate employment opportunities and there by promotes food and nutritional security.
Available reports indicate that climate change is going to have large impact on water resources
vis- vis agriculture. Climate change refers to the variation in the earth’s global climate or in
regional climate over time. It describes changes in the variability or average state of the
atmosphere over time scales ranging from decades to millions of years. Over 75% of the
people of the North East India directly depend on agriculture for their livelihood and food
security. Therefore, better performance of agriculture has a direct and multiplier effect across
the economy of the region. Because of climate change the rainfed agriculture is facing the
greatest risk as it is resource poor and having limited flexibility to adjust against the adverse
climatic affects. The NE region has a mean minimum/maximum kharif seasonal temperature
regime of 23/31 0C, with the southern part being slightly cooler. Majority of the NE region
receives about 1000–2000 mm of rainfall during the kharif season. The rabi seasonal mean
minimum/maximum temperature regimes are about 9/24 0C. Most of the NE region receives
about 200 mm of winter rainfall as well. Under impact of climate change the projected
increase in minimum and maximum temperature in NE Region, during kharif season, is
about 2 0C by 2030. The kharif seasonal rainfall is likely to reduce by about 10% in majority
of the NE region. On the other hand, during rabi projected increase in temperature is about
2.5 0C and rainfall also is projected to increase by about 10%.
An integrated and efficient management of water resources through proper planning
is the need of the hour to enhance food, environmental and livelihood security of the fast
growing population of the region. This implies management of water along with codependent
natural resources viz., soil, vegetation, forest, air and other soil biota. A key challenge for
decision makers, policy makers and departments is to understand the strategies adopted by
the farmers and other stakeholders in their efforts to address climate change induced water
stress. Small holder farmers are most vulnerable to climate change and they have no
alternative but to adopt their livelihood system to changing climatic conditions. Water
resource management strategy is thus key to ensuring that agricultural production withstand
the stresses caused by climate change. The present poor performances in terms of water use
efficiency plus competition over diminishing water resources warrant the need for investment
in better water management systems. In view of limited access to irrigation, small farmers
need to develop water conservation in-situ or ex-situ, rain water harvesting systems to
maximise on-farm water management. Water management is also improved by having a
greater diversification options for water sources, such as small streams, shallow well, bore
well and rain water storage. Other options such as micro- irrigation (drip, sprinkler), water
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lifting devices (gravity, manual and pumps – motorized, solar etc). Crop diversification and
insurance, information management and capacity building among farmers and other
stakeholders is also important in the overall strategies of water resource management. Rain
water harvesting, proper management of existing water resources, watershed development
and community participation will help to attain sustainable utilization of water for agriculture
and uplift socio-economic conditions of the people. Creating awareness among the people
about environmental and anthropogenic facts behind floods, droughts, scarcity of water and
sustainable development of water resources of the region by involving the people and utilizing
indigenous knowledge and technology at the same time seems to be urgent need. Upgrading
the rainfed agriculture through integrated rainwater harvesting systems and complementary
technologies such as low cost pumps and water application methods, such as low head drip
irrigation, runoff storage through farm ponds, micro rain water harvesting structures, earth
dams etc. are some of the desired interventions. The sustainable livelihood in hills could be
achieved by focusing on the improvement of quality of household livelihood by harnessing
local resources, which are compatible with the mountainous agro-climatic situation. In
general, adaptation in rainfed agriculture may be brought about by introduction of improved
climate resilient crop cultivars, by modifying existing cropping pattern, diversifying the
crops, introducing suitable water supply, irrigation, drainage systems and resource
conservation technologies. Increasing scientific and social awareness among the farmers to
educate and prepare them to face the consequences of climate change is an integral part of
overall adaptation strategy. This may be achieved through effective short/medium term
climate predictions and dissemination and introducing suitable and easily accessible
microfinance and insurance facilities. An integrated and efficient management of water
resources through proper planning is the need of the hour to enhance food, environmental
and livelihood security of the fast growing population of this region. The water resources
of the region must be planned zonally to ensure optimal resource utilization, hazard
management and welfare maximization (Goswami, 1992). A strong political will both at the
state and national levels and a sustained popular zeal to convert water resources of the
region into a force for sustainable development of the region through an integrated,
multidisciplinary approach that covers not only technical aspects but also social, economic
and environmental aspects is very much required for this region.
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Challenges in crop improvement under climate change
with special reference to water deficit and high
temperature
A Pattanayak
ICAR Research Complex for NEH Region, Umiam, Meghalaya, 793 103

Emission of green house gases such as carbon dioxide, methane and nitrous oxide
emission from agricultural fields are major sources contributing to the global increase in
temperature. These changes are bringing in extreme events in climatic conditions such as
excess rain in a short span, excess increase in temperature, sudden drop in temperature,
cloudy conditions reducing available sunshine, drought and flood. Although it is predicted
that slight increase in carbon dioxide is favourable for yield and slight increase in temperature
would increase crop yields in temperate areas, crop plants have started experiencing spans
of contrasting stresses. Thus, developing plants with multiple stresses has become a great
challenge. The following section deals with two majors stress viz. drought and heat faced
by two major crops rice and maize and challenges in developing tolerant varieties.
The activity of plants with a water deficit depends upon climatic conditions, which
affect the quantity of water available and how the water is used. The responses to limited
water availability arc diverse with respect to plant species involved and/or the severity and
duration of the water deficit. There are three strategies by which plants can grow and develop
properly with water restrictions: (i) drought escape, which can be observed in short duration
crops and, which allows the plants to complete their productive period before the water
deficit becomes severe; (ii) drought avoidance, which, reduces transpiration or increases
the absorption of water; and (iii) drought tolerance, which involves some cellular tolerance
mechanism. Each of these tolerances is associated with costs and benefits, which vary
according to the species, the environment, the technological resources of the farmer, and the
goals of breeding.
The adoption of plants to water deficit is a very complex process involving
morphological, physiological, biochemical, and molecular alterations. In the short-term soil
drought, yield reduction could be related to reduced stomatal conductance and concomitantly
lower photosynthetic rates but in the long term, a smaller leaf area (due to decreased leaf
size and higher rates of leaf senescence), and an altered assimilate partitioning between
plant structures and organs could be more directly responsible for reduced. Additional
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reductions in stomalal conductance happen due to internal water deficits as drought progresses
and, as a consequence, yield reduction happens. Under moderate water deficit conditions,
decreases in leaf area are not necessarily accompanied by decreases in photosynthetic rates
on a leaf area basis, but if drought progresses further, strong decreases in photosynthetic
rates per unit leaf area are often observed. Another problem associated with reduced stomatal
conductance (and thus reduced transpiration rate) is increased leaf temperature, which has
possible consequences on higher maintenance respiration and photorespiration rates, which
further contributes to decrease crop productivity.
In addition to factors leading to a lower transpiration rate, the adaptation to water
deficit involves a greater capacity for water absorption by the plant. This process can be
accomplished with genotypes that have more robust root systems (deep and branched),
which can better exploit deeper soil water reserves. Indeed, a hallmark of plants subjected
to water stress is an increase in the biomass allocated to the root system. Under water stress
conditions, the yield (Y) of a crop can be described by the equation: Y = E x WUE x HI,
where E = transpired water, WUE = water-use efficiency and HI = harvest index (i.e.,
relationship between the biomass of the organ of commercial interest and the total plant
biomass). Large increases in productivity through breeding programs occurred by increasing
the harvest index. For most annual species grown; however, HI is close to its maximum
value, and additional increases in crop yields must necessarily be accomplished through
increased biomass accumulation. Therefore, the challenge is to increase the capacity of the
plant to produce a larger amount of dry matter per unit area. In the case of breeding programs
for drought conditions, this increased biomass production must be combined with lower
water consumption or increased WUE. Reducing the stomatal conductance, increasing the
photosynthetic capacity or even combining both factors may lead to a higher WUE. A
reduction in stomatal conductance is not favorable in breeding programs aimed at increasing
productivity because it entails less C02 influx and lower photosynthetic rates and, therefore,
less biomass accumulation. Thus, the great challenge is to increase the photosynthetic capacity
under conditions of low stomatal conductance. Several strategies have been proposed to
increase the photosynthetic capacity of cultivars. One of these strategies involves C02
concentrator mechanisms, such as the one found in species that utilize C4 metabolism.
Another strategy would be to increase the C02 specificity of the enzyme ribulose 1, 5bisphosphate carboxylase/oxygenase (Rubisco), thus reducing losses related to
photorespiration in C3 plants. The increase in the mesophyll conductance is directly
associated with increases in photosynthetic rates without the need for increased stomatal
conductance. Finally, another strategy involves increasing the specific leaf mass because
such an increase represents a greater amount of the photosynthetic apparatus per leaf unit
area.
At a cellular level, osmotic adjustment has been considered as the most striking
response of plants subjected to water deficit, which is characterized by a net solute increase
in cells. These solutes, named compatible osmolytes, are organic compounds (e.g., proline,
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sugar alcohols, sorbitol, mannitol) that do not interfere with cell metabolism. The osmotic
adjustment has two main functions: (i) maintaining cell turgor in the presence of negative
water potential, which allows the process of cell elongation to be maintained in addition to
allowing relatively larger stomatal aperture and (ii) providing a greater capacity for water
uptake by the roots, which would also contribute in the maintenance of higher stomatal
conductance. Concomitantly, osmotic adjustment leads to the maximization of the
photosynthetic process, resulting in relatively greater biomass accumulation. Thus, genotypes
with greater potential for osmotic adjustment tend to be more tolerant and, therefore, more
productive under drought conditions.
Additional factors, such as excessive temperature and high irradiance, are common
under drought conditions. These factors explain why drought is considered to be a
multidimensional stressor. With a reduction in photosynthesis, the use of incident solar
radiation decreases, which can damage plant metabolism through processes such as lipid
peroxidation and protein and nucleic acid oxidation. These oxidative damages can be observed
in leaves as chlorotic areas, which in many cases progress to necrosis, leading to leaf
abscission. Genotypes with higher antioxidant activity, both enzymatic (increased activity
of enzymes, such as superoxide dismutase, catalase, ascorbate peroxidase, and glutathione
reductase) and non-enzymatic (e.g., glutatnione ana ascorbate) tend to be more tolerant to
drought, snowing less oxidative damage compared with genotypes with less robust antioxidant
systems. This high antioxidant capacity confers increased cellular protection, especially for
the photosynthetic machinery, and maintenance of leaf area, which consequently results in
increased production, even under severe water deficits.
The progress in the last 100 years, in relation to obtaining drought tolerant cultivars,
has been very weak in most breeding programs, regardless of the species considered. Many
experiments have been conducted in greenhouses or growth chambers with plants in small
pots, a condition that causes the plants to be exposed to drastic and swiftly imposed drought
which do not entirely reflect the field situation, and therefore, the comparative results should
be treated with caution. Consequently, much of the drought tolerance information generated
by physiologists has limited utility for the crop breeder because such information cannot be
converted to adequate indices to predict the behavior of genotypes with varying levels of
tolerance to water stress. The dissociation between basic information and the requirements
of applied (or applicable) information is an additional bottleneck for advancements leading
to the acquisition of more drought-tolerant materials.
There is great need to conduct multidisciplinary research involving molecular,
physiological, and classic genetic improvement to enhance crop performance in droughtprone regions. Recent advances in the transcriptome, proteome, and metabolome have allowed
an integrated view of the expression of thousands of genes and their products involved in
drought tolerance. In the long term, these improvements will provide a better understanding
of the polygenic nature of drought tolerance. The adequate selection and parameters for the
identification of genetic material with increased water deficit tolerance has resulted in
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satisfactory increases in the yield of some crop. Improved WUE, more robust root systems,
osmotic adjustments, and increased activity of the antioxidant system are some of the features
that should be on the breeding programs aiming to increase production under water deficit
condition.
Heat Stress
The threshold temperature (upper and/or lower), which varies both inter and
intraspecifically, refers to the daily average temperature that causes a reduction in
growth. The temperature increase above the upper limit for a period of time is sufficient to
cause irreversible damage to plant growth and development is defined
as heat stress, which is a complex function of the intensity, duration, and rate of temperature
increase. Plants are subjected to heat stress under the following conditions: (i) the air
temperature is high, and the plants receive energy by the transfer of sensible heat; (ii) solar
radiation incident on the ground raises the temperature above the air temperature; and (iii)
solar radiation-induced heating and the inability to dissipate heat can rapidly warm the
leaves (up to 15 °C above the air temperature or more), particularly in leaves that have a low
transpiration rate and are frequently subjected to high temperatures.
Heat stress can affect crop yield at any time from sowing to grain maturity, but it is
the time around flowering, when the number of grains per land area is
established, and during the grain-filling stage, when the average grain weight is determined,
that high temperatures have the most impact on the final harvestable
crop, as found in cereals. Thus, understanding how environmental factors signal phenological
processes such as flowering will be extremely relevant for future food production, since a
large part of food comes as grains/seeds. In this context, any change in flowering time could
affect not only seed production but also food composition. The reduction in grain weight in
response to heat stress during the initial stage of filling can be partially attributed to the
small number of cells in the endosperm, while the subsequent stress reduces starch synthesis
due to the reduced availability of assimilates for the grain or direct effects on the synthesis
processes in the grains. Photosynthesis is limited at temperatures above 35 °C due to the
decreased activity of Rubisco. In addition, stomatal closure due to high evaporative air
demand, which normally occurs at high temperatures, contributes to the reduction of
photosynthesis. Most plants have a considerable capacity to adjust photosynthetic
performance to their growth temperatures. Part of that capacity can be assigned to the
properties of Rubisco, which is very thermostable. Notably, the rate of carboxylation may
increase at 40 °C or above but at a lower speed than the oxygenation rate; consequently,
higher photorespiration rates are frequent at high temperatures, which ultimately reduce
carbon gain. Therefore, Rubisco that has more carboxylation capacity would be advantageous
in situations of excessive heat. Regardless, at moderately high temperatures, the low activation
slate of Rubisco would be the main cause of the decreased photosynthetic rate due to the
suppression of Rubisco activase activity.
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The accumulation of compatible osmolytes is an important adaptive mechanism to
heat stress. Under heat, different plant species can accumulate a variety of
osmolytes, such as sugars, sugar alcohols, proline, and betaines, as a way to increase tolerance
to heat stress, such as in water and salt stresses. Due to the pivotal role of osmolytes in
response to environmental stresses, the selection of materials with a greater potential for the
accumulation of these osmolytes, whether through traditional genetic breeding, markerassisted selection or genetic engineering, is of special interest. In summary, the measurement
of membrane thermal stability is a good indicator of high temperature tolerance. In this
context, the electrolyte leakage method, which is used to check the loss of cell
compartmentalization, seems very sensitive for the quantification of temperature tolerance,
as demonstrated in rice.
To increase heat tolerance, crop breeding has been conducted by biotechnological
methods such as the control of membrane composition or creation of cultivars with the
constitutive expression or overexpression of heat shock proteins. Studies have indicated
that plant tolerance to heat is a multigenic characteristic. Despite the genetic complexity
and difficulties heat tolerant strains and hybrid cultivars have been developed in crops such
as rice and maize. Changing plant artitecture to increase planting density and thereby
increasing canopy density can reduce thermal stress with minimal effect on water
consumption. Rice is affected by heat at various growth stages as listed in the following
table.
Table: Symptoms of heat stresses in rice
Growth stage
of the plant

Temperature
threshold (oC)

Symptoms

Germination
Seedling

40
35

Active tillering
Booting
Anthesis
Flowering
Grain formation
Grain ripening

32-35
32-35
Above 33
Above 33
Above 33
Above 28

Delay and decrease in germination, tip burning of the emergents
Stunted or thin seedlings, tip burning especially of the first two
leaves
Reduced tillering and stunted growth
Decrease in number of pollen grains
Poor anther dehiscence, shrinked pollen grains, drooping anther
Spikelet sterility
Yield reduction due to chaffy grains
Reduced / improper grain filling

Field screening for drought / heat tolerance is complicated by the fact that both are
highly influenced by genotype x environment interaction. Choosing uniform sites for
evaluation, more replications and larger set of germplasm are some of the strategies followed
by the breeders. In addition, the selection environment should be a representative of the
target environment and there should be a good genetic correlation between the selection

11

Natural Resource Management for Enhancement of Adaptation and Mitigation Potential under Changing Climate

environment and target environment. A sequential path analysis of the component characters
may help to identify the proper predictor variables.
The following may serve as a starting screening protocol for both maize and rice:
I. Phenotyping protocol for moisture deficit stress response under field conditions
Observations:
1. Soil moisture status
Soil matric potential will be monitored by using tensiometers on daily basis throughout
the experiment. Soil moisture content for various depths (0-15, 15-30, 30-45, 45-60 and 6075cm) will be measured by gravimetric method at treatment soil matric potential (-10 kPa
and -50 kPa at 30 cm soil depth).
2. Relative water content (RWC)
RWC will be measured following the method of Barrs and Weatherley (1962).
3. Canopy temperature depression (CTD)
The canopy temperature depression (CTD) relative to the air temperature will be
measured using a hand held infra-red thermometer/IR camera between 12:00 to 14:00h
during normal sunny days. Both canopy and air temperature or CTD will be recorded in
three replicates for each genotype.
4. Chlorophyll content and Chlorophyll stability
Chlorophyll content will be measured following the method of Hiscox and Israelstam
(1979). Chlorophyll stability will be calculated as the percent of chlorophyll content under
stress as compared with that under normal conditions.
5. Photosystem II yield
The quantum yield of Photosystem II will be measured from the chlorophyll
fluorescence yield (Maxwell and Johnson 2000). PSII yield of dark adapted leaf or PSII
yield at constant light will be measured on the topmost fully expanded leaf or flag leaf
during 10:00 to 14:00 h.
6. Membrane stability index
Cell membrane stability (CMS) measured from electrolyte leakage from control and
drought stressed leaf tissue (Tripathy et al. 2000).
7. Leaf rolling and death score
Leaf rolling will be recorded in the stressed plots between 12:00 to 14:00h. Visual
scales of 0 (no rolling) to 5 (complete rolling) will be used to record leaf rolling (Courtois et
al. 2000). Leaf death score ranges from 0 (no senescence) to 5 (complete leaf drying) will be
recorded visually during the morning time, preferably before 10.00AM (Fischer et al. 2003).
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8. Phenology
Days to anthesis, days to physiological maturity, flowering delay and reduction in
grain filling duration will be recorded.
9. Spikelet fertility
Number of filled and unfilled spikelets will be recorded at physiological maturity to
calculate spikelet fertility (%) both in control and stress treatments (Fischer et al. 2003).
10. Yield and its components
One meter row will be harvested at maturity. Plant number, tillers per plant, panicles
per plant, Biomass, grain yield and 1000 grain weight data will be recorded. Drought
susceptibility index (Fischer and Maurer, 1978) analysis will be used to rank the genotypes
for drought tolerance in yield.
11. Water use efficiency & Transpiration
The flag leaf/grain samples will be analyzed for 13C isotope discrimination to measure
the WUE (Impa et al. 2005) and ä18O will be measured from leaves as a surrogate for mean
transpiration rate (Sheshshayee et al. 2005). These traits will be measured for a subset of
selected genotypes.
12. Weather data
Daily rainfall, Tmax, Tmin, vapor pressure deficit, radiation, RH will be recorded/
collected from the nearest observatory in the Institute.
Selected set of genotypes may be assessed for drought tolerance in grain yield under
managed stress field conditions to assess the importance of component traits for grain yield
stability.
II. Phenotyping protocol for low temperature stress response under field conditions
Observations
Soil properties, sowing method and phenotypic traits namely relative water content
(RWC), Chlorophyll stability, Photosystem II yield, Proline content, Membrane stability
index, Phenology, Spikelet fertility, Yield and its components and Weather data will be
collected as described in “Phenotyping protocol for moisture deficit stress response under
field conditions”.
In addition, time of anthesis and air and canopy temperature at the time of anthesis
will be monitored.
Pollen fertility: Pollen grains from anthers of middle spikelets in the panicle will be
stained with 1% I2-KI solution and observed using a light microscope. Darkly stained round
and plump pollens will be recorded as fertile, while light/unstained and abnormal in shaped
pollens will be counted as sterile.
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Abstract
In addition to an increasing world population, there are numerous reasons for serious
concern about sufficient future global production of food from crop plants. First, the
availability of arable land is decreasing because of non-sustainable farming, soil erosion
and degradation. Second, the availability of water for agriculture will decline. Third, global
climate changes will not only seriously affect crop growth but will also threaten the
conservation of cultivated land. Droughts, storms, floods, heat waves and rises in sea-level
are predicted to occur more frequently, and salinity and other soil toxicities are likely to be
much more problematic in some areas. In semi-arid regions, reductions in yields of primary
crops, including maize, wheat and rice, are predicted in the next two decades. Lastly,
demands for bio-fuels as substitutive energy sources will be increased, reducing the land
available for cultivating food crops. Here, we review three key biotechnology approaches,
Molecular Breeding, Genetic Engineering and Genomics and their integration with
conventional breeding to develop crops that are more tolerant of abiotic stresses. In addition
to a multidisciplinary approach, we also examine some constraints that need to be overcome
to realize the full potential of agricultural biotechnology for sustainable crop production to
meet the demands of a projected world population of nine billion in 2050.
Introduction and Background
Crop improvement targeting high yield and tolerance to environmental stresses has
become the need of the hour. According to the Food and Agricultural Organization of the
United Nations (FAO), food production must be increased by 70% in the next 40 years to
meet the increasing global demand. Global climate change is likely to further increase the
problems of food insecurity, hunger and malnutrition for millions of people in the world.
The effect of climate change on potential abiotic stresses such as changes in CO2
concentration, increased temperature, drought and changing rainfall patterns is now
considered the major impediment to the crop productivity. In addition to the challenge of
temperature extremes (hot and cold) and drought or water stress as well as flooding associated
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with climatic variability, the incidence and severity of biotic stresses such as pests, diseases
and the invasion of alien weed species are also likely to be greater.
The intensification of agriculture in many parts of the world over the past five decades,
supported by appropriate research, institutions and policies, has led to an increase in global
food grain production from approximately 850 million tons in 1960 to 2350 million tons in
2007. It has been projected that global food production must increase by 70% by 2050 to
meet the demand caused by this growing global population, increasing incomes and
consumption. To meet the dietary demand of the fast-increasing population it is thus
imperative to develop improved crops plants that are better adapted to abiotic stresses
(drought, salinity, flood, cold, high temperature, acidity and sodicity). Much attention has
been placed on generating crops varieties which are capable of surviving and even thriving
in a variety of rapidly changing and extreme environmental conditions by manipulating
plant architecture (the shape, distribution and consistency of plant roots and leaves) and
developing plants with modified photosynthetic machinery. Some plants have developed
the ability to sequester sodium ions into cell vacuoles or even block sodium ions from
entering plant cells. The genes involved in these diverse mechanisms needed be identified
and transferred to crop plants such as rice, which lack these characteristics. Crops modified
in this fashion can then thrive in regions which were previously unsuitable for growth.
Therefore, in the context of current climate variability, the main question is that, what do
new development in agricultural biotechnology offer the genetic improvement of agricultural
crops so that they are better adapted to abiotic stresses, leading to higher crop productivity?
In this study, we describe few recent developments in Biotechnological approaches for
Developments of abiotic stress tolerant crops for greater food productivity.
Biotechnological interventions in crop improvement
Since the beginning of agriculture eight to ten thousand years ago, farmers have been
altering the genetic makeup of the crops they grow by selecting the features such as faster
growth, higher yields, pest and disease resistance, larger seeds, or sweeter fruits and that
has dramatically changed domesticated plant species compared to their wild relatives. When
the science of conventional plant breeding was further developed in the 20th century, plant
breeders understood better how to select superior plants and breed them to create new and
improved varieties of different crops. This has dramatically increased the productivity and
quality of the plants we grow for food, feed and fibre. Conventional plant breeding has been
the method used to develop new varieties of crops for hundreds of years. However,
conventional plant breeding can no longer sustain the global demand with the increasing
population, decline in agricultural resources such as land and water, and the apparent
plateauing of the yield curve of the staple crops.
The recent integration of advances in biotechnology, the Molecular marker
applications, Genetic engineering and Genomic research in combination with conventional
plant breeding practices demonstrably hold great promise for crop improvement which is
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revolutionizing 21st century crop improvement. Biotechnology is a viable option for
developing genotypes that can perform better under harsh environmental conditions. In
addition, advances in genomics coupled with bioinformatics and stress biology can provide
useful genes or alleles for conferring stress tolerance. Superior genes or alleles where they
have been identified in the same species can be transferred into elite genotypes through
molecular breeding (MB). Moreover, by using an approach such as genetic engineering
(GE), there is no barrier to transferring useful genes or alleles across different species from
the animal or plant kingdoms. As a result, biotechnology approaches offer novel strategies
for producing suitable crop genotypes that are able to resist drought, high temperature,
submergence and salinity stresses.
Key Agricultural Biotechnology approaches: A new paradigm for crop improvement
Three broad applications of biotechnology that are contributing and will be expected
to contribute both directly and indirectly towards new developments in crop improvement
efforts for abiotic stress management are:
●
Molecular marker and marker assisted selection (mas)
●
Genetic engineering for development of transgenic plant
●
Genomics approaches for crop improvement against abiotic stress
Molecular marker and marker assisted selection (MAS)
Molecular marker technology refers to the application of DNA based markers in
breeding programmes to improve the selection efficiency. The use of DNA markers in plant
breeding is called marker-assisted selection (MAS) and is a component of the new discipline
of ‘molecular breeding’. DNA markers have enormous potential to improve the efficiency
and precision of conventional plant breeding via marker-assisted selection (MAS). The
large number of quantitative trait loci (QTLs) mapping studies for diverse crops species
have provided an abundance of DNA marker–trait associations.
Molecular markers
The differences that distinguish one plant from another are encoded in the plant’s
genetic material, the deoxyribonucleic acid (DNA). Molecular marker is a fragment of DNA
sequence that is associated to part of the genome. They are used to ‘flag’ the position of a
particular gene or the inheritance of a particular characteristic. Molecular markers are defined
as a fragment of DNA revealing mutations/variations, which can be used to detect
polymorphism between different genotypes or alleles of a gene for a particular sequence of
DNA in a population or gene pool. Such fragments are associated with a certain location
within the genome and may be detected by means of certain molecular technology. Simply
speaking, DNA marker is a small region of DNA sequence showing polymorphism (base
deletion, insertion and substitution) between different individuals. There are two basic
methods to detect the polymorphism: Southern blotting, a nuclear acid hybridization technique
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and PCR, a polymerase chain reaction technique. Using PCR and/or molecular hybridization
followed by electrophoresis (e.g. PAGE – polyacrylamide gel electrophoresis, AGE – agarose
gel electrophoresis, CE – capillary electrophoresis), the variation in DNA samples or
polymorphism for a specific region of DNA sequence can be identified based on the product
features, such as band size and mobility. In addition to Sothern blotting and PCR, more
detection systems have been also developed. For instance, several new array chip techniques
use DNA hybridization combined with labeled nucleotides, and new sequencing techniques
detect polymorphism by sequencing. DNA markers are also called molecular markers in
many cases and play a major role in molecular breeding.
DNA markers are classified as hybridization based markers and polymerase chain
reaction (PCR) based markers. In the first category are RFLPs which are visualized by
hybridization of restriction enzyme digested DNA to a labeled probe of known sequence or
origin. However, RFLP markers are not in vogue nowadays due to complexity of protocols.
PCR based markers, which utilize the technique either specifically designed or arbitrarily
chosen random primers. The suitability of a marker is determined by several considerations
such as ease of assay, ability to discriminate between individuals, the frequency of occurrence
of the marker (abundance) and more importantly the type of marker – Co-dominant or
Dominant.
In crop, many PCR based markers like randomly amplified polymorphic DNAs
(RAPDs), amplified fragment length polymorphisms (AFLPs), inter-simple sequence repeats
(ISSRs) and simple sequence repeats (SSRs) are being used. Among the PCR based DNA
markers, microsatellites or simple sequence repeats (SSRs) are highly preferred for gene
tagging and mapping efforts due to the high level of polymorphism content and versatility
and are preferred due to their reproducibility and amenability for automation. Due to these
reasons, SSRs are the markers of choice for rice improvement today for MAS applications.
The availability of the complete sequence of the rice genome has accelerated the
process of cloning of many genes. If the functional nucleotide polymorphism, specific for
the functional allele of the gene is identified, it can lead to a more powerful, gene-based or
functional marker, which are sometimes referred to as a “perfect marker”. Recently, a special
class of markers called single nucleotide polymorphisms (SNPs) are gaining predominance
in those crop species. A single-nucleotide polymorphism (SNP, pronounced as snip) is a
DNA sequence variation occurring when a single nucleotide — A, T, C, or G — in the
genome differs between members of a species or paired chromosomes in an individual.
Even though SNP markers are not widely used for marker-assisted breeding (MAB), in
future it is expected that they will replace SSRs as markers of choice.
Marker-assisted selection
MAS is the breeding strategy in which selection for a gene is based on molecular
markers closely linked to the gene of interest, rather than gene itself and the markers are
used to monitor the incorporation of desirable allele from the donor source.
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Selection of Target Trait
Traits can be broadly classified into qualitatively inherited and quantitatively inherited.
Qualitatively inherited traits
Qualitatively inherited traits are controlled by one or few genes, which have major
effect on the trait of interest and the inheritance of such traits, follow a typical Mendelian
segregation, e.g., gall midge resistance and bacterial leaf blight resistance in rice.
Quantitatively inherited traits
Quantitatively inherited traits are controlled by many genes/loci. Each locus typically
has a small control over the trait and the cumulative effect of alleles at all the loci controlling
the trait determines the trait expression. Quantitative traits show a continuous distribution
in terms of expression in segregating populations and are usually difficult to tag and map
since they are heavily influenced by environment and genetic background, e.g., abiotic
stress tolerance.
Identification of parents differing in the trait of interest
The success of gene-tagging efforts depends on selection of parental lines, which are
differing for the trait of interest. If the trait of interest is qualitatively inherited, the donor
line should have only the gene of interest and should not have any other genetic loci, which
may influence the trait. Similarly, the recipient line should not have any gene controlling
the trait of interest.
Development of appropriate population segregating for the Trait of Interest
The choice of mapping population to be developed differs distinctly based on the
target trait. If the trait of interest is qualitatively inherited, then early generation segregating
population like F2, F3, BClF 1 can be used. In autogamous species like rice, mapping studies
frequently make use of F2 or backcross generations, because they are easiest and earliest to
obtain. For mapping quantitatively inherited traits, advanced generation materials like Near
Isogenic Lines (NILs), Recombinant Linbred Lines (RILs) and Double Haploids (DHLs)
are the most appropriate. Breeders/geneticists also use a strategy called AB-QTL (Advanced
backcross- QTL) strategy wherein through backcrossing the population is developed and
simultaneously phenotyped to identify co-segregating markers.
Screening the Population for the Target Trait (Phenotyping)
The method of phenotyping differs significantly between qualitatively and
quantitatively inherited traits. For most of the qualitatively inherited traits like pest and
disease resistance, phenotyping involves exposing the individual population to a particular
biotype/pathotype of the pest/ disease and scoring the plants for resistance/susceptibility
after a particular time interval. For quantitative traits, the process of phenotyping involves
analysis of individual component characters that contribute towards the overall expression
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of the target trait, e.g., when tagging and mapping QTLs for drought tolerance, it is necessary
to phenotype individual components of drought tolerance.
Parental Polymorphism Survey with Markers and Identification of Markers that Cosegregate with Gene(s) of Interest in the QTL mapping and MAS
After developing the population and phenotyping, the next task is to identify markers
that co segregate with trait of interest. In this effort, the first step is to analyse the
polymorphism among the parental lines with molecular markers. Usually, if mapped and
co-dominant markers like SSRs are used, it is necessary to scan the parental lines with a set
of uniformly spaced SSR markers (12–16 per chromosome) and identify at least 6–8
polymorphic markers per chromosome. Once set of markers polymorphic between the
parental, lines has been identified, the next step is to carry out co-segregation analysis for
these markers. A simple strategy called “bulked-segregant analysis” can be employed to
quickly identify markers, which co-segregate with trait of interest.
Construction of linkage map
Linkage maps are basically a kind of “road map” of the chromosomes drawn based
on segregation pattern of markers. They indicate the position and relative genetic distances
between markers along with chromosomes, which is quite analogous to signs or landmarks
along a highway. A clear co-segregation data are required to draw linkage maps. Based on
the co segregation patterns, percentage of recombination is calculated for each pair of markers
in terms of centimorgans (cM), which is the unit for linkage distance. Statistical software
like “Mapmaker”, “Mapmanager”, “JoinMap”, “Cartographer” and “Linkage” can be used
for construction of linkage maps. The co-segregation data have to be fed to the computer in
excel format and the software automatically constructs linkage map after calculating “LOD”
score for each pair of markers.
Test for Reliability of the Identified Markers in Predicting the Trait in Alternate
Population Marker Validation
QTL analysis
Genetic factors that are responsible for a part of the observed phenotypic variation
for a quantitative trait can be called quantitative trait loci (QTLs). Although similar to a
gene, a QTL merely indicates a region on the genome, and could be comprised of one or
more functional genes. In a process called QTL-mapping association between observed
trait values and presence/absence of alleles of markers that have been mapped onto a linkage
map is analysed. When it is significantly clear that the correlation that is observed did not
result from some random process, it is proclaimed that a QTL is detected. Also the size of
the allelic effect of the detected QTL can be estimated. A breeder can analyse QTL occurrences
and use this knowledge to his advantage, for instance by using indirect selection. When
selection is (partly) based on genetic information retrieved through the application of
molecular markers this is called marker-assisted selection.
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The detection of genes or QTLs controlling traits is possible due to genetic linkage
analysis, which is based on the principle of genetic recombination during meiosis. This
permits the construction of linkage maps composed of genetic markers for a specific
population. Segregating populations such as F2, F3 or backcross (BC) populations are
frequently used. Using statistical methods such as single-marker analysis or interval mapping
to detect associations between DNA markers and phenotypic data, genes or QTLs can be
detected in relation to a linkage map. The identification of QTLs using DNA markers was a
major breakthrough in the characterization of quantitative traits.
Applications of MAS in plant breeding
The advantages described above may have a profound impact on plant breeding in
the future and may alter the plant breeding paradigm. The main uses of DNA markers in
plant breeding, with an emphasis on important MAS schemes, have been classified into five
broad areas:
a. marker-assisted evaluation of breeding material;
b. marker-assisted backcrossing(MAB);
c. marker assisted gene pyramiding;
d. early generation selection;
e. and combined MAS,
However, there may be overlap between these categories. Generally, for line
development, DNA markers have been integrated in conventional schemes or used to
substitute for conventional phenotypic selection.
a. Marker-assisted evaluation of breeding material
Prior to crossing (hybridisation) and line development, there are several applications
in which DNA marker data may be useful for breeding, such as cultivar identity, assessment
of genetic diversity and parent selection, identification of genomic regions under selection
and confirmation of hybrids. Traditionally, these tasks have been done based on visual
selection and analysing data based on morphological characteristics.
b.

Marker-assisted backcrossing
The use of DNA markers in backcrossing greatly increases the efficiency of selection.
Three general levels of marker-assisted backcrossing (MAB) can be described. In the first
level, markers can be used in combination with or to replace screening for the target gene or
QTL. This is referred to as ‘foreground selection’. This may be particularly useful for traits
that have laborious or time-consuming phenotypic screening procedures. It can also be used
to select for reproductive-stage traits in the seedling stage, allowing the best plants to be
identified for backcrossing.
The second level involves selecting BC progeny with the target gene and recombination
events between the target loci and linked flanking markers—we refer to this as ‘recombinant
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selection’. The purpose of recombinant selection is to reduce the size of the donor
chromosome segment containing the target locus (i.e. size of the introgression). This is
important because the rate of decrease of this donor fragment is slower than for unlinked
regions and many undesirable genes that negatively affect crop performance may be linked
to the target gene from the donor parent—this is referred to as ‘linkage drag’. The third
level of MAB involves selecting BC progeny with the greatest proportion of recurrent parent
(RP) genome, using markers that are unlinked to the target locus—we refer to this as
‘background selection’. This is extremely useful because the RP recovery can be greatly
accelerated. The use of background selection during MAB to accelerate the development of
an RP with an additional (or a few) genes has been referred to as ‘complete line conversion’.
c. Marker-assisted pyramiding
The most widespread application for pyramiding has been for combining multiple
disease resistance genes. In theory, MAS could be used to pyramid genes from multiple
parents (i.e. populations derived from multiple crosses). In the future, MAS pyramiding
could also facilitate the combination of QTLs for abiotic stress tolerances, especially QTLs
effective at different growth stages. Another use could be to combine single QTLs that
interact with other QTLs (i.e. epistatic QTLs).
d. Early generation marker-assisted selection
Although markers can be used at any stage during a typical plant breeding programme,
MAS is a great advantage in early generations because plants with undesirable gene
combinations can be eliminated. This allows breeders to focus attention on a lesser number
of high-priority lines in subsequent generations. When the linkage between the marker and
the selected QTL is not very tight, the greatest efficiency of MAS is in early generations due
to the increasing probability of recombination between the marker and QTL. The major
disadvantage of applying MAS at early generations is the cost of genotyping a larger number
of plants.
e. Combined marker-assisted selection
There are several instances when phenotypic screening can be strategically combined
with MAS. In the first instance, ‘combined MAS’ may have advantages over phenotypic
screening or MAS alone in order to maximize genetic gain. In some (possibly many)
situations, there is a low level of recombination between a marker and QTL, unless markers
flanking the QTL are used. In other words, a marker assay may not predict phenotype with
100% reliability. However, plant selection using such markers may still be useful for breeders
in order to select a subset of plants using the markers to reduce the number of plants that
need to be phenotypically evaluated. This may be particularly advantageous when the cost
of marker genotyping is cheaper than phenotypic screening, such as for quality traits.
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FEW SUCCESSFUL CASE STUDIES IN MAS FOR TOLERANCE TO ABIOTIC
STRESSES
MAS for Drought Tolerance
A number of studies have reported QTLs for root architecture and have investigated
their effects on yield under varying moisture regimes in crops. In rice, following the
identification of four major QTLs influencing root traits, marker-assisted backcrossing
(MABC) was used to introgress the alleles for greater root length from Azucena into Kalinga
III, an upland variety. In maize, a major QTL originally reported for leaf ABA concentration
was later shown to affect root size and architecture and grain yield. In sorghum, four major
QTLs that control stay-green and grain yield (Stg1–Stg4) have been identified. In three
maize mapping populations, QTLs of leaf growth sensitivity to water deficit largely
overlapped with QTLs for leaf responses to evaporative demand, suggesting hydraulic
mechanisms. In maize, Five QTL alleles for short ASI (anthesis-silking interval), were
introgressed through MABC from a drought-tolerant donor to an elite, drought-susceptible
line. Under severe drought, the selected lines clearly out-yielded the unselected control. In
pearl millet (Pennisetum americanum), an extensive data set allowed the identification of
three major QTLs for grain yield with low QTL × environment interactions across a range
of post-flowering moisture environments, and selection of these positive alleles by MAS
could be useful in breeding programs. Major QTLs for seed weight and grain yield across
diverse moisture conditions have also been identified in rice and durum wheat (Triticum
durum).
The increase in WUE (i.e. the amount of biomass produced per unit of transpired
water; may seem to be the ideal candidate mechanism for drought-prone environments.
Mapping this discrimination trait has enabled the identification of WUE QTLs in Brassica
oleracea, rice, barley, and wheat. A QTL on chromosome 12 using a large population from
the cross of Vandana/Way Rarem was identified at IRRI. The QTL accounted for about 50%
of the genetic variance and was expressed consistently over 2 years. This QTL seems to
increase the water uptake of plants under water stress. A QTL on chromosome 3 had a large
effect on drought tolerance in thecross between tolerant variety Apo and widely grown
variety Swarna. This QTL shows a high potential for applications because variety Swarna is
widely grown in drought-prone environments and it has high yield in addition to other
desirable traits.
MAS for Salinity Tolerance
Recently, members of the HKT (for high-affinity K+ transporter) family of K+ and
+
Na transporters were demonstrated or implicated to control natural variation in salinity
tolerance at a number of loci in rice, wheat, and Arabidopsis. Two loci, Nax1 and Nax2,
controlling shoot Na accumulation were identified by QTL mapping in durum wheat (genome
AABB; Both exclusion genes represent introgressions from an accession of Triticum
monococcum (genome AA). The Na exclusion genes have also been introgressed into
backgrounds of five cultivars of bread wheat (genome AABBDD) by using durum × bread
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wheat interspecific crosses and MABC, and the resulting lines are currently under field
evaluation in three Australian states. A major QTL conferred salt tolerance on chromosome
1; it was designated Saltol and has been the target of marker-assisted selection. On
chromosome 1, QTL SKC1 was isolated by positional cloning and was determined to be a
protein that functions as Na+-selected transporter. Besides Saltol, several other major QTLs
are being identified and targeted for marker-assisted backcrossing to combine them with
Saltol for higher tolerance. Considerable progress has been made in developing improved
varieties with tolerance of salinity, particularly for inland saline/sodic areas. Furthermore,
the same approach used for developing submergence-tolerant mega-varieties is being used
with the Saltol locus for salinity. For coastal areas in the wet season, both salinity and
submergence are problems. Recent work at IRRI has shown that the SUB1 gene and Saltol
can be combined in the same genotype. Thus, these lines combine tolerance of both stresses.
MAS for Submergence, anaerobic germination and elongation ability
Sub1, a major QTL on chromosome 9, has enabled the use of MABC to improve
submergence tolerance of Swarna, a cultivar widely grown in flood-prone regions. Highly
tolerant varieties such as FR13A from Orissa, India, have been used as sources of tolerance
in breeding programs. These varieties possess the SUB1 gene on rice chromosome 9, which
is an ethylene response factor-like gene. In backcrosses between a submergence-tolerant
donor and Swarna, molecular markers were used to select for both introgression of Sub1
and recovery of the recurrent parent background. The results showed that the Swarna could
be efficiently converted to a submergence-tolerant variety in three backcross generations
over a period of only 2 to 3 years. Markers have been developed for introgressing Sub1 into
six other popular varieties to develop a wider range of submergence-tolerant varieties to
meet the needs of farmers in flood-prone regions. Tolerance during germination and early
seedling growth is important for direct seeding in both irrigated and rainfed conditions.
Some major QTLs for anaerobic germination is identified on chromosome 9 from the donor
KHO (Khao Hlan On) and improved breeding lines have been developed. However, these
have not yet been validated under farmers’ field conditions. Long-term “stagnant” flooding
is common in low-lying areas and is expected to be an increasing problem in delta areas that
will be affected by rising sea levels. Rapid elongation ability is necessary to keep up with
rising flood water. The early initiation of elongation is controlled by QTLs on chromosomes
3 and 12. The rate of internodes elongation is controlled by QTLs on chromosomes 1 and
12. The chromosome 12 QTL appears to have a major effect in the rapid elongation response
of deepwater varieties. The major locus on chromosome 12 was shown to have two ERF
genes, SNORKEL1 and SNORKEL2, which controlled this elongation response. The genes
are very similar to SUB1 but the latter seems to suppress elongation.
MAS for Low- and High-Temperature Tolerance
Heat stress often accompanies drought stress, and the two interact in the way they
affect plants. In wheat, two QTLs were identified that controlled grain-filling duration, a
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trait thought to be correlated with heat tolerance. In maize, QTLs were identified that
controlled pollen heat tolerance (germinability and pollen tube growth), a factor influencing
heat-induced sterility. Maize and rice originate from tropical/subtropical regions and are
relatively cold sensitive. QTLs controlling sensitivity to chilling have been identified in
maize seedlings, in sorghum seedlings, and in rice at the seedling and booting stages. In
cultivated tomato (Solanum lycopersicum), a QTL allele introgressed from a wild relative
(Solanum hirsutum) increased chilling tolerance. Loci controlling vegetative frost tolerance
have been identified at corresponding positions across the Triticeae species at two locations
on the long arms of group 5 chromosomes. The proximal loci (Fr-1) are close to or coincident
with the Vrn-1 loci involved in flowering response to vernalization. Clusters of C-REPEAT
BINDING FACTOR (CBF) genes map at the distal (Fr-2) loci and represent likely candidates
for the controlling genes. QTLs for reproductive frost tolerance have been reported in barley,
near the Fr-H1 locus, and on chromosome arm 2HL. QTLs for winter hardiness have also
been identified in lentil (Lens culinaris), rapeseed (Brassica napus;, and ryegrass (Lolium
perenne).
MAS for Tolerance to Mineral Toxicities and Deficiencies
Aluminum Toxicity Tolerance
Major loci and QTLs controlling Al tolerance have been identified in alfalfa (Medicago
sativa, soybean, rice, sorghum, maize, barley, wheat, oat (Avena sativa), and rye (Secale
cereale) and MABS is underway.
Tolerance to Zinc Deficiency
Two major QTLs for Zn efficiency was identified in rice. Interestingly, loci controlling
Zn efficiency in solution culture and a flooded field site did not coincide. QTLs influencing
Zn content in bean seeds have been described. However, loci controlling the ability of crop
plants to tolerate Zn-deficient soils have, to our knowledge, not yet been reported.
Tolerance to Low and High Boron
B is an essential micronutrient that can be present in either limiting or toxic
concentrations in cultivated soils. Loci for B toxicity tolerance have been identified by QTL
mapping in barley and wheat. Identification of a major B toxicity tolerance gene in wheat
(Bo1) is facilitating MAS of Bo1 in breeding programs. In barley, the recent fine-mapping
and cloning of the major B tolerance QTL allele from an Algerian landrace is available now.
In rapeseed, QTLs have been identified for B efficiency, providing the opportunity to use
MAS to select for this trait.
MAS for Tolerance to Low Nutrients
Nitrogen Use Efficiency
In temperate maize, Gallais and co-workers identified a set of QTLs for N use
efficiency, grain yield, and its components at high and low N levels. QTLs mapped in clusters
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and those identified under low N were generally a subset of those identified under high N,
except for grain protein content, for which a higher number of QTLs were detected in low
N. The most notable outcomes of these studies were the collocation of a major grain yield
QTL on chromosome 5 with the gene encoding cytosolic GS (gln4 locus) and the correlation
between the expression levels of the gln4 alleles and the contributions of the respective
QTL alleles at this locus. Other candidate genes encoding enzymes involved in N metabolism
that colocated with N use efficiency QTLs were the two GS genes (gln1 and gln2) on
chromosome 1 and the GS gene (gln3) on chromosome 4. In tropical maize, QTLs for grain
yield and secondary traits under varying N and water supply were identified. In wheat, a
QTL meta-analysis and factorial regression were deployed to investigate QTL × N
interactions, revealing influences of the three major phenological trait loci, Ppd-D1, RhtB1, and B1, on N-related QTLs. Additionally, QTL clusters for GS activity on wheat
chromosomes 2A and 4A coincided with the location of GS and GSr genes, respectively,
and although QTL alleles for higher GS activity were associated with higher grain N, they
showed little or no effects on grain yield components. QTLs for tolerance to low N have
also been described in Arabidopsis and rice.
Phosphorus Use Efficiency
Because of the low mobility of P in the soil, extensive work has been carried out to
investigate the effects of QTLs for root architecture on P uptake. Phosphorus uptake1 (Pup1)
is a major quantitative trait locus (QTL) located on rice (Oryza sativa) chromosome 12 that
is associated with tolerance of phosphorus (P) deficiency in soil . Kasalath, the Pup1 donor
variety, was initially identified in a screening of 30 diverse rice genotypes in a P-deficient
soil in Japan under rain-fed conditions. Subsequently, phenotypic data derived from
Nipponbare contrasting near isogenic lines (NILs) with and without the QTL showed that
Pup1 increases P uptake and confers a significant yield advantage (2- to 4-fold higher grain
weight per plant) in pot experiments using different P-deficient soil types and environments
. The impact of Pup1 and other QTLs that enhance yield in P-deficient soil and/or under
drought stress is potentially very high, since about 50% of the rain-fed rice in Asia is grown
on problem soils. Pup1 was introgressed into two irrigated rice varieties and three Indonesian
upland varieties. First phenotypic evaluations of the introgression lines suggest that Pup1 is
effective in different genetic backgrounds and environments and that it has the potential to
significantly enhance grain yield under field conditions. Relevant QTLs also have been
identified in Arabidopsis, common bean, soybean, rice, maize, and wheat and MAS is
underway.

GENETIC ENGINEERING FOR DEVELOPMENT OF TRANSGENIC PLANT
Genetic engineering is one of the modern agricultural biotechnology tools that is
based on recombinant DNA technology. The term genetic engineering, often interchanged
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with terms such as gene technology, genetic modification, or gene manipulation, is used to
describe the process by which the genetic makeup of an organism can be altered using
“recombinant DNA technology.” This involves using laboratory tools and specific enzymes
to cut out, insert, and alter pieces of DNA that contain one or more genes of interest. The
ability to manipulate individual genes and to transfer genes between species that would not
readily interbreed is what distinguishes genetic engineering from traditional plant breeding.
The process of genetic engineering requires the successful completion of a series of
six steps:
Step 1. Nucleic acid (DNA/RNA) Extraction
Nucleic acid extraction, either DNA or ribonucleic acid (RNA) is the first step in the
genetic engineering process. It is therefore important that reliable methods are available for
isolating these components from the cell.
Step 2. Gene cloning
The second step is gene cloning. There are basically four stages in any cloning
experiment: generation of DNA fragments, joining to a vector, propagation in a host cell,
and selection of the required sequence.
Step 3. Gene Design and Packaging
Once the gene of interest has been cloned, it has to be linked to pieces of DNA that
will control its expression inside the plant cell. These pieces of DNA will switch on (promoter)
and off (terminator) the expression of the gene inserted. Gene designing/packaging can be
done by replacing an existing promoter with a new one, incorporating a selectable marker
gene and reporter gene, adding gene enhancer fragments, introns, and organelle-localizing
sequences, among others.
Step 4. Transformation
The most common methods used to introduce the gene package into the plant cells in
a process called transformation or gene insertion, include biolistic transformation using the
gene gun and Agrobacterium-mediated transformation.
a. Particle Bombardment
Particle bombardment is a mechanical method of introducing the desired gene. The
desired genetic sequence is cloned into a plant DNA vector and introduced into the plant
using the gene gun or particle gun.
b. Agrobacterium tumefaciens-mediated transformation
The “sharing” of DNA among living forms is well documented as a natural
phenomenon. For example, Agrobacterium tumefaciens, a soil bacterium known as ‘nature’s
own genetic engineer’, has the natural ability to genetically engineer plants. It causes crown
gall disease in a wide range of broad-leaved plants. Basically, the bacterium transfers part
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of its DNA to the plant, and this DNA integrates into the plant’s genome, causing the
production of tumors and associated changes in plant metabolism. Molecular biologists
have utilized this biological mechanism to improve crops. The genes that cause the galls are
removed and replaced with genes coding for desirable traits. Plant cells infected with the
bacterium will not form galls but produce cells containing the desired gene, which when
cultured in a special medium will regenerate into plants and manifest the desired trait. The
main goal in any transformation procedure is to introduce the gene of interest into the nucleus
of the cell without affecting the cell’s ability to survive. If the introduced gene is functional,
and the gene product is synthesized, then the plant is said to be transformed. Once the
inserted gene is stable, inherited and expressed in subsequent generations, then the plant is
considered a transgenic.
Step 5. Detection of Inserted Genes
Molecular detection methods have been developed to determine the integrity of the
transgene (introduced gene) into the plant cell.
Polymerase chain reaction or PCR
PCR is a quick test to determine if the regenerated transgenic cells or plants contain
the gene.
Southern blot analysis
Southern blot analysis determines the integrity of the inserted gene: whether the gene
is complete and not fragmented, at the correct orientation, and with one copy number.
Northern blot analysis
Northern blot analysis determines whether the transcript or the messenger RNA
(mRNA) of the introduced DNA is present and is correctly transcribed in the transgenic
plant.
Western blot analysis
Western blot analysis or protein immune-blotting is an analytical technique used to
detect whether the transgenic plants produce the specific protein product of the introduced
gene.
Step 6. Field Trial
Genetic transformation is usually conducted in elite or commercial varieties which
already possess the desired agronomic traits but lacks the important trait of the transgene.
Thus, once successfully conducted, the genetically modified plant will be easily recommended
for commercialization if it shows stability in several generations and upon successfully
passing and fulfilling varietal registration requirements.
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CASE STUDIES OF GENETIC ENGINEERING FOR ABIOTIC STRESS
TOLERANCE
Plant adaptation to environmental stresses is controlled by cascades of molecular
networks. In contrast to plant resistance to biotic stresses, which is mostly dependent on
monogenic traits, the genetically complex responses to abiotic stresses are multigenic, and
thus more difficult to control and engineer. Plant engineering strategies for abiotic stress
tolerance rely on the expression of genes that are involved in signaling and regulatory
pathways or genes that encode proteins conferring stress tolerance or enzymes present in
pathways leading to the synthesis of functional and structural metabolites. Further, genetic
engineering allows controlling the timing, tissue-specificity, and expression level of the
introduced genes for their optimal function. The basic findings on stress promoters have led
to a major shift in the paradigm for genetically engineering stress-tolerant crops in recent
years. However, in cases where the gene expression needs to be tailored to a specific organ
or a specific time, such constitutive promoters may not be a suitable choice, especially for
the stress-induced genes. This is because the constitutive expression of some stress induced
genes may have serious deleterious effects on the plant. Accordingly, the more recent efforts
to generate transgenic plants make use of gene cassettes driven by stress-induced promoters.
With an increasing number of stress genes becoming available and genetic transformation
becoming more or less a routine procedure, characterization of stress-induced promoters
(particularly those induced by anaerobic, low or high temperature and salt stresses) has
taken a firm footing. Here we summarizes the recent progress in using transgenic plant
technology for the improvement of abiotic stress tolerance using examples from research
targeted at drought, salinity and temperature stresses, with particular attention to crop plants
and few cases of model plant.
GENETIC ENGINEERING FOR SALT TOLERANCE
There are a large number of genes found to be instrumental and there are many
functional targets for engineering tolerance to salinity. Few of the genes of importance are
briefed below.
Ion transporter and Antiporter genes
Ion transporters selectively transport ions and maintain them at physiologically relevant
concentrations while Na+/H+ antiporters also play a crucial role in maintaining cellular ion
homeostasis, thus permitting plant survival and growth under saline conditions. The Na+/H+
antiporters catalyze the exchange of Na+ for cytoplasmic pH, sodium levels and cell turgour.
There are several families of Na+/H+ antiporters including NhaA, NhaB, NhaC, NhaD, and
NapA in prokaryotes, SOD2 and Nha1 in fungi, and AtNHX1 and SOS1 in Arabidopsis. A
gene construct containing the DtNHX gene, coding for a vacuolar Na+/H+ antiport from
Arabidopsis thaliana, was introduced into the genome of Brassica napus cv. Westar. While
growth of wild type plants was severely affected by the presence of 200 mM NaCl in the
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growth solution, transgenic plants grew, flowered and produced seeds. Transgenic Brassica
juncia plants over expressing pgNHX1 withstand 300 mM salt stress till the seed setting
stage and exhibited normal growth phenotype without much loss in seed yield. Genetic
modification of tomato plants by over-expressing the Arabidopsis thaliana AtNHX1 antiport,
which likewise allowed those plants to grow in the presence of 200 mM NaCl. Besides
providing farmers with a cash crop for salted lands, such, plants may also pull salt out of
soils, enabling other crops to thrive again. Transgenic wheat was generated expressing a
vacuolar Na+/H+ antiport gene AtNHX1. The field trial revealed that the transgenic wheat
lines produced higher grain yield and heavier and larger grains in the field of saline soil.
The transgenic rice accumulated a lower level of Na+ and higher level of K+ in the leaves
than the non-transgenic plants under saline environment. The Escherchia coli nahA gene
encodes a Na+/H+ antiporter, which plays critical role in ion homeostasis has been transferred
into rice (Oryza sativa L. sp. Japonica). The transgenic plants showed better germination
rate, growth and average yield per plant than control. They also reported higher sodium and
proline content in transgenic lines, implying that nhaA over-expression enhance osmoregulation by activating the bio-synthesis of proline.
Compatible solutes
Compatible solutes accumulate in organisms in response of osmotic stress. The primary
function of compatible solute is to maintain cell turgour and thus the driving gradient for
water uptake. Studies also indicated that compatible solutes can act as free radical scavengers
or chemical chaperon by directly stabilizing membrane and/or proteins. Of a number of
plant responses to salt stress, overproduction of different types of compatible organic solutes
is the most common one. The most common organic solutes that play an active role in the
mechanism of plant salt tolerance include proline, trehalose, sucrose, polyols and quaternary
ammonium compounds such as glycinebetaine, prolinebetaine, alaninebetaine,
hydroxyprolinebetaine, pipecolatebetaine, and choline O-sulfate. Overproduction of proline
in plants lead to enhanced salt tolerance in plants. With this objective in mind, many biologists
have overexpressed Δ1-pyrroline-5-carboxylate synthetase (P5CS), a dual function enzyme,
which catalyzes the conversion of glutamate to Δ1-pyrroline-5- carboxylate, which is finally
reduced to proline. For example, the gene for P5CS has been overexpressed in , potato ,
wheat and Tobacco. Indeed, all transgenic lines accumulated proline many fold higher than
that in wild type plants and showed a marked increase in growth under saline conditions.
Genes encoding key enzymes of glycinebetaine biosynthesis such as choline dehydrogenase,
choline oxidase, and choline monooxygenase have been engineered. Plants such as cabbage,
rice and Brassica juncea so transformed showed enhanced salt tolerance. Trehalose, a
nonreducing disaccharide, has recently gained a ground as a potential osmoprotectant
analogous to proline and glycinebetaine, because its overproduction in plants has been shown
correlated with salt tolerance. For example, a transgenic rice line expressing the trehalose
gene exhibited enhanced tolerance not only to salinity stress, but also to drought and cold

30

Natural Resource Management for Enhancement of Adaptation and Mitigation Potential under Changing Climate

stress. Similarly, another transgenic rice line expressing chimeric gene Ubi1:: TPSP thereby
showing high accumulation of trehalose exhibited enhanced co-tolerance to drought, salt,
and cold. Similarly, different plants have also been transformed for overproduction of myoinositol, sorbitol etc. All these engineered plants also exhibited increased salt tolerance.
Manitol gene
Osmotically shocked cells synthesize and accumulate massive amount of
osmoprotectory compounds. Such compounds possibly help the cells to lower their osmotic
potential and to draw water from the outside medium. Manitol as an osmoprotectory
compound is primarily found in microbes. Manitol-1-phosphate dehydrogenease gene (mt1D)
isolated from E. coli showed over-expression of manitol into upland rice (Oryza sativa var.
japonica) by microprojectile bombardment. Growth rate of transgenic plants was significantly
higher than the control on MS medium containing 1% NaCl. Non-transgenic plants died
after 35 days. They reported less membrane damage and low Na+/K+ ratio than the control
under salt stress.
LEA protein
Osmotic stresses induce Late-embryogenesis-abundant (LEA) proteins in vegetative
tissues of plants. The functions of LEA proteins are largely unknown. LEA-proteins are
encoded by Responsive to Dehydration (RD), Early Responsive to Dehydration (ERD),
cold inducible (KIN), cold regulated (COR) and responsive to ABA (RAB) genes in different
plant species. hva1 gene, which encodes for a specific class of LEA proteins, when
overexpressed in rice leads to increased salt tolerance. This study demonstrated that
subcellular compartmentalization of the biosynthesis of glycinebetaine was a critical step in
attaining enhancement of tolerance for salinity and water stress. Transformation of Chinese
cabbage (Brassica campestris ssp. pekinensis) by overexpression a B. napus Group 3 LEA
gene enhanced tolerance to salinity and drought.
H+-pyrophosphatase (H+-Ppase) gene
An H+-Ppase gene named TsVP involved in basic biochemical and physiological
mechanisms was cloned from Thellungiella halophila. Transgenic tobacco overexpressing
TsVP had 60% greater dry weight than wild-type tobacco at 300 mM NaCl. Their findings
suggested that over expression of H+-Ppase causes the accumulation of Na+ in vacuoles
instead of in the cytoplasm and avoids the toxicity of excess Na+ in plant cells.
Antioxidant enzyme genes
Salt stress also triggers a number of degenerative reactions mediated by reactive
oxygen species (ROS) such as superoxide anion (O2 -), hydrogen peroxide (H2O2), hydroxyl
radical (.OH), and singlet oxygen (1O2). When a plant experiences a stress, ROS are produced
through pathways such as photorespiration, mitochondrial respiration, and from the
photosynthetic apparatus. Despite being toxic, ROS play a vital role in various important
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physiological phenomena such as cell signaling, gene regulation, senescence, apoptosis,
pathogen defense, etc. However, plants have their innate systems for scavenging/detoxifying
the ROS, which are commonly referred to as antioxidants. The most common antioxidants
found in plants are ascorbate, glutathione, α- tocopherol, and carotenoids, whereas antioxidant
enzymes include superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), and
enzymes of ascorbate–glutathione cycle. Most of the antioxidant enzymes can substantially
lower the levels of superoxide and hydrogen peroxide in plants. Dehydro-ascorbate reductase
(DHAR), an enzyme that reduces the oxidized ascorbate in plant cells, is vital for recycling
ascorbate. In a recent study, it is shown that the expression of rice DHAR in transgenic
Arabidopsis enhanced the degree of salt tolerance measured as germinability under salt
stress. While engineering genes for different types of superoxide dismutase in plants such
as rice and Chinese cabbage has a marked improvement in salt tolerance of these crops was
achieved. Similarly, transgenic plants overexpressing glyoxalase pathway enzymes that
disallow an increase in accumulation of methylglyoxal (MG) have been developed in different
plants such as tobacco, Japonica and indica rice and Escherichia coli. All transgenic plants/
organisms showed enhanced tolerance to salt stress, although in most cases early stage
growth performance was measured. Genes for glutathione Stransferase and catalase were
also engineered in tobacco.
GENETIC ENGINEERING FOR DROUGHT TOLERANCE
The development of crop varieties with increase tolerance to drought, both by
conventional breeding methods and genetic engineering is important to meet global food
demand with less water. The techniques for gene transformation of crop plants have been
applied for identification of genes responsible for drought resistance and their transfer.
Genes expressed during stress are anticipated to promote cellular tolerance to dehydration
through protective functions in the cytoplasm, cell membrane, alternations of cellular water
potential to promote water uptake, control of ion accumulation and further regulation of
other gene(s).
Trihelose biosynthesis
The trehalose synthetase gene (TSase) gene from Grifola frondosa was transferred
into sugarcane. The high frequency phosphinothricine-resistant plants were obtained from
the transformation. Some transgenic plants showed multiple phenotypic alterations and some
plants showed improved tolerance to osmotic stress.
LEA protein
Transgenic rice carrying barley HVA1 gene had shown drought resistance. Gene HVA1
encodes for a group of three LEA proteins which get accumulated in vegetative organs
during drought condition. Transgenic rice showed enhanced accumulation of the HVA1
protein, which led to higher growth rates, delayed stress-related damage systems and improved
recovery from the removal of stress conditions. The transgenic rice plants exhibited
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constitutive high expression of HVA1 protein ranging from 0.3-2.5 and 0.3-1.0% of the
total soluble protein in leaf and root, respectively. Transgenic wheat plants containing the
HVA1 gene showed consecutive expression of the transgene resulting in improvement of
growth characteristics under water deficient conditions, more biomass and more efficient
water use transformed Pusa Basmati 1 with HVA1 to increase tolerance against abiotic
stresses. They developed transgenic lines which showed increased stress tolerance in terms
of cell integrity and growth after imposed salt-and water stresses. Their findings exhibited
high levels of LEA3 accumulation in the leaves of transgenic Pusa Basmati 1 rice plants
might have conferred the significant increase in tolerance against drought and salt stresses.
The pBY520 containing the Hordeum vulgare HVA1 regulated by the rice actin promoter
(Act1) or the JS101 containing the bacterial mannitol-1-phosphate dehydrogenase (mtlD)
also regulated by rice Act1 and a combination of these two plasmids weretransferred into
the maize genome, and their stable expressions were confirmed through fourth generations.
Plants transcribing a combination of the HVA1+mtlD showed higher leaf relative water
content (RWC) and greater plant survival as compared with theirsingle transgene transgenic
plants and with their control plants under drought stress.When exposed to various salt
concentrations, plants transcribing the HVA1+mtlD showed higher fresh and dry shoot and
dry root matter as compared with single transgene transgenic plants and with their control
plants. Furthermore, the leaves of plants expressing the mtlD accumulated higher levels of
mannitol. Plants expressing the HVA1+mtlD improved plant survival rate under drought
stress and enhanced shoot and root biomass under salt stress when compared with single
transgene transgenic plants and with their wild-type control plants. The research presented
here shows the effectiveness of co-expressing of two heterologous abiotic stress tolerance
genes in the maize genome. Future field tests are needed to assure the application of this
research.
Fructan synthesis
The bacterial gene sacB found in Bacillus subtilis encodes for levan sucrase, which
takes part in fructan synthesis. Fructan promotes the process of root branching, thus increasing
root surface and water uptake. Over-expression of scaB gene from Bacillus subtilis leads to
high level of fructans in transgenic tobacco cells, leading in higher capacity for osmotic
adjustment and this is associated with increased drought tolerance.
Proline accumulators
Proline accumulation has been demonstrated to be associated with abiotic stress.
Transgenic tobacco overexpressing P5CS gene transferred from mothbean exhibited a high
level of enzyme and produced 10-18 fold more proline than control plant. Over-production
of proline enhanced root biomass and flower development under drought condition. T
transgenic rice with P5CS gene enhanced root biomass and flower development under water
stress. Transgenic soybean plants transferred with antisense P5CR (L-Δ’-pyrroline-5carboxylate reductase) gene showed increased proline accumulation, leading to higher
tolerance to water stress.
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Polyamine biosynthesis genes
With the availability of genes responsible for polyamine biosynthesis such as ADC
(encodes for arginine decarboxylase), it is now possible to manipulate polyamine content
using sense and antisense constructs of these genes in transgenic plants. Engineering of the
plant polyamine biosynthesis pathway has concentrated mostly on two species, tobacco and
rice. They suggested that further studies are required to understand the tolerance ability of
these genes. The increase in putrescine levels in plants under stress might be the cause of
stress-induced injury or alternatively a mean of protection against stress. Oat adc cDNA
overexpressed in rice under control of an ABA-inducible promoter resulted in transgenic
rice plants with increased biomass when grown under salt stress. Transgenic rice plant
expressing the SAMDC DNA accumulated spermidine and spermine in seed at 2-3 fold
higher levels compared to wild type. In another set of experiment, they have obtained tenfold
putrescine accumulations in transgenic rice plants laboring oat adc cDNA compared to wild
type. Spermidine and spermine de-novo synthesis in transgenic plants under drought stress
is corroborated by the activation of the rice SAMDC gene. Choline monooxygenase (CMO)
catalyzes the committed step of glycinebetaine (GlyBet) biosynthesis in many flowering
plants. Over-expression of AhCMO improved drought tolerance in transgenic tobacco when
cultured in medium containing PEG6000.
Dehydration responsive transcription factor
Plant genomes contain a large number of Transcription Factors (TFs). Individual
members of the same family often respond differently to various stress stimuli, on the other
hand, some stress responsive may share the same transcriptional factor. The Dehydrationresponsive Element (DRE) and C-repeat binding factors (CBF) was identified as a cisacting element regulating gene expression in response to dehydration (salt, drought and
cold stresses) in Arabidopsis . The dehydration-responsive transcription factors DREB and
C-repeat binding factors (CBF) bind to DRE and CRT cis-acting elements that contain the
same motif (CCGAC). Members of the CBF/DREB1 family, such as CBF1, CBF2 and
CBF3 (or DREB1B, DREB1C and DREB1A, respectively) are themselves stress-inducible.
DREB/CBF proteins are encoded by AP2/EREBP multigene families and mediate the
transcription of several genes. DREB1A, a transcription factor that recognizes dehydration
response elements, has been shown in Arbidopsis thaliana to play a crucial role in promoting
the expression of drought tolerant genes. They have transformed DREB1A gene into wheat.
Plant expressing the gene demonstrated substantial resistant to water stress compared with
the control under stress condition. Recently, overexpression of CBF4 from barley has been
shown to confer salinity, drought and low temperature tolerance in transgenic rice. The
NAC gene family members encode one of the largest families of plant specific TFs and are
expressed in various developmental stages, tissues and environmental factors. NAC gene
SNAC1 over-expressing into transgenic rice plants showed significantly improved drought
resistance under field conditions and strong tolerance to salt stress. The phosphoinositide
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pathway and inositol-1,4,5-trisphosphate (InsP3) are implicated in plant responses to stress.
Drought stress studies revealed, surprisingly, that the InsP 5-ptase plants lost less water and
exhibited increased drought tolerance. The onset of the drought stress was delayed in the
transgenic plants and abscisic acid (ABA) levels increased less than in the wild-type plants.
Stomatal bioassays showed that transgenic guard cells were less responsive to the inhibition
of opening by ABA but showed an increased sensitivity to ABA-induced closure. Transcript
profiling revealed that the drought-inducible ABA-independent transcription factor DREB2A
and a subset of DREB2A-regulated genes were basally upregulated in the InsP 5-ptase
plants, suggesting that InsP3 is a negative regulator of these DREB2A-regulated genes.
These results indicated that the drought tolerance of the InsP 5-ptase plants is mediated in
part via a DREB2A-dependent pathway and that constitutive dampening of the InsP3 signal
reveals unanticipated interconnections between signaling pathways.
Super oxide dismutase
Within a cell, the SODs constitute the first line of the defense against ROS. It is
found in all subcellular locations, like mitochondria, chloroplast microsomes, glyoxysomes,
peroxysomes, apoplast and the cytosol. SODs are metaloproteins found in various
compartments of plant cells and contain Cu and Zn, Fe or Mn cofactors. Transgenic tobacco
plants containing oxidative stress- related genes showed elevated levels of glutathione
reductase, superoxide dismutase and ascorbate peroxidase, resulting in enhance drought
tolerance. Rice transgenic plants carrying Fe-SOD gene was produced using Agrobacteriummediated transformation system showed drought tolerance.
Wax production
The gene designated WXP1, is able to activate wax production and confer drought
tolerance in alfalfa (Medicago sativa). Overexpression of WXP1 under the control of
CaMV355 promoter led to a significant increase in cuticular wax loading on leaves of
transgenic. WXP1 over expression induced a number of wax-related genes. Transgenic
leaves showed reduced water loss and chlorophyll leaching- transgenic alfalfa plants with
increased cuticular wax showed enhanced drought tolerance demonstrated by delayed wilting
after watering has been ceased and quicker and better recovery when the dehydrated plants
were re-watered. A full length rDNA of dehydrin BcDh2 from Boea crassifolia and its
antisense nucleotide sequence was transferred into tobacco, var. NC89 under the control of
CMV promoter. Under progressive water stress, the photosynthetic rate, transpiration rate
and stomatal conductance of sense and antisense plants decreased. However, those parameters
increased after 24 h of watering and the enhanced was higher in sense and antisense plants
than the control.
Mitogen-activated protein
Expression of mitogen-activated protein kinase gene (MAPK) genes activates an
oxidative signal cascade and lead to the tolerance of freezing, drought, heat and salinity
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stressing transgenic tobacco. MAPKs perform their function as a part of kinase modules,
which is mainly composed of MAPKs, MAPKKs and MAPKKKs. Tragenic maize
transformed with a tobacco MAPKKK (NPK1) showed enhanced drought tolerance. Under
drought stress, it maintained significantly higher photosynthesis rates than did the nontransgenic control, suggesting that protected photosynthesis machinery is protective from
dehydration damage.
ABA Signaling
Protecting crop yield under drought stress is a major challenge for modern agriculture.
One biotechnological target for improving plant drought tolerance is the genetic manipulation
of the stress response to the hormone abscisic acid (ABA). In response of water stress, ABA
levels in plant greatly increase resulting closure of stomata, thereby reducing the level of
water loss through transpiration from leaves and activate response of genes. ERA1, a gene
identified in Arabidopsis, encodes β-subunit of a farenesyl-transfarase and involves in ABA
signaling. These transgenic plants which performed significantly better under water stress,
with consistently higher yield over conventional varieties of canola, whereas they observed
no difference in performance of transgenic and control under sufficient water.
HEAT TOLERANCE
Heat shock proteins
It is important to maintain protein in their functional conformations and preventing
aggregation of non-native proteins under stress. Many stress responsive proteins, particularly
Heat Shock Proteins (HSPs) have been shown to act as molecular chaperones, which are
responsible for protein synthesis, targeting, maturation and degradation in a broad array of
normal cellular process. Furthermore, molecular chaperones function in the stabilization of
proteins and membranes and in assisting protein folding under stress conditions. Fused
DcHSP17.7 gene (a carrot heat shock protein gene encoding HSP17.1) to a 6XHistidine
(His) tag to distinguish the engineered protein from endogenous potato proteins and it was
introduced into the potato cultivar Desiree under the control of the cauliflower mosaic virus
(CaMV) 35S promoter. The integration was confirmed by Western Blot, which showed
constitutive integration of DcHSP17.7 in transgenic potato lines before heat stress. They
observed improved cellular membrane stability at high temperature, compared with wild
type and vector controlled plants. Transgenic potato lines also exhibited enhanced tuberization
in vitro.
COLD TOLERANCE
Dehydration responsive element
Many of the known cold regulated genes were under control of a primary master
regulator, CBF/DREB1. Dehydration Response Element (DRE) plays an important role in
the response to low temperature. The transcription factor DREB1A specifically interacts
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with DRE and induces the expression of stress tolerance genes in plant. Over expression of
DREB1A in transgenic Arabidopsis plants activated the expression of many of these stress
tolerance genes and resulted in tolerance to freezing activated gene expression by
overexpressing a homolog of CBF1, designated DREB1A. Their result indicated that the
expression of the CRT/DRE regulation also increase drought tolerance.
Cold regulated LEA protein
It was found that the COR15am the mature COR15a polypeptide, acts directly as
cryoprotective protein by inhibiting the formation of hexagonal II phase lipid, a major type
of freeze-induced membrane lesion in non-acclimated plants. The COR15a gene enhanced
the freezing tolerance of chloroplasts in engineered plants by almost 2C, which was nearly
one third of the increase seen due to cold acclimation. While, this might not appear as large
increase, an improvement of freeze tolerance by 2°C could potentially benefit certain crop
plants. COR85, a group-II LEA protein was shown to be involved in cryoprotection of
freezing-sensitive enzymes. Over-expression of atRZ-1a did not affect the expression of
various cold-responsive genes such as COR6.6, COR15a, COR47, RD29A, RD29B and
LTI29. Proteome analyses revealed that overexpression of atRZ-1a modulated the expression
of several stress-responsive genes and the transcript levels and RNA stability of these target
genes were not affected by atRZ-1a. AtRZ-1a successfully complements the cold sensitivity
of Escherichia coli lacking four cold shock proteins. These results strongly suggest that
atRZ-1a plays a role as an RNA chaperone during the cold adaptation process.
Osmotin
Transgenic tomato is developed with osmotin gene. Their preliminary tests revealed
that the transgenic plants are more tolerant to cold than wild types.
Dehydrin
To elucidate the contribution of dehydrins (DHNs) to freezing stress tolerance,
transgenic Arabidopsis plants over-expressed with multiple DHN genes. The transgenic
plants exhibited lower LT50 values and improved survival when express to freezing stress
compared to control plants. Thus they concluded that dehydrines contribute to freezing
stress tolerance in plants and this could be partially due to dehydrins protective effect on
membrane.
Compatible solutes
Transgenic plants with OSISAP1 gene conferred tolerance to cold, dehydration and
salt stress. The gene OSISAP1 was isolated from rice encoding a zinc-finger protein induced
under abiotic stresses. Transgenic rice was also developed with OsP5CS2 gene. This gene
encodes for a protein that is highly homologous to δ-1-proline-5-caboxylate synthetase
(P5CS), a proline biosynthesis enzyme. Their result indicated that the OsP5CS2 gene is
necessary for plant tolerance to salt and cold tolerance. Potato plants (Solanum tuberosum
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cv. Desiree) transformed with yeast invertase gene acquired a higher tolerance to cold
temperature as compared to the control plants, apparently due to the changes in sugar ratio
produced by the foreign invertase.
Heat shock factors
Various studies showed that plant heat shock proteins are not only express in response
to heat shock, but also under water, salt, oxidative stress and at low temperature. It was
suggested that Hsf (heat shock factor) gene may play a pivotal role in heat-shock-induced
chilling tolerance and constitutive expression of the transcription regulated gene in chilling
sensitive crops may be useful in improving tolerance against chilling stress. They transferred
Arabidopsis thaliana Hsf1b (AtHsf1a) gene into tomato. The transgenic tomato plants
harbouring this gene showed increased chilling tolerance.
ALUMINIUM TOXICITY TOLERANCE
Optimum growth and productivity and even cultivation of most of the plants is severely
restricted in soils with elevated levels of Aluminium (Al). The first two plant Al tolerant
genes are TaALMT1 from Triticum aestivum and SbMATE from sorghum and barley.
Expression of TaALMT1 transgene facilitated Al-activated malate efflux and increased Al
tolerance in both tobacco suspension cells and transgenic barley plants SbMATE underlies
the AltSB locus of sorghum, encodes a plasma membrane-localized citrate transporter that
belongs to the multi-drug and toxic compound extrusion family. Mexican scientists also
have developed transgenic rice conferring tolerance to high concentration of Al, which
could have immense prospects in genetic management of Al-toxicity.
IRON TOXICITY TOLERANCE
Fe-toxicity had been reported as one of the major soil constraints of lowland acid
soils, inland valley swamps, costal swamps and irrigated lowlands in utisols and oxisols.
The transgenic development study in case of Fe-toxicity tolerance is very scanty. Transgenic
rice developed with ferritin gene to enhance high iron storage suggested that the enhanced
Fe storage ability can reduce reactive oxygen species. Ferritin gene has been also transferred
into rice which enhanced iron level in the endosperm.
CADMIUM TOXICITY TOLERANCE
There are few successful reports on genetically engineered crop plants tolerant to
Cd-toxicity Over expression of Escherichia coli gshI gene in Indian mustard (Brassica
juncia) increased γ-glutamylcysteine synthetase (γ-ECS) activity leading increased Cd
tolerance and accumulation. Transgenic tobacco (Nicotiana tabaccum, var Wisconsin 38)
bearing the transgene coding for the polyhistidine cluster, combined with yeast metallothione
(HiCUP) showed increasing resistance to the stress response induced by cadmium.
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GENOMICS APPROACHES FOR CROP IMPROVEMENT AGAINST ABIOTIC
STRESS
Recent technological advances and the aforementioned agricultural challenges have
led to the emergence of high-throughput tools to explore and exploit plant genomes for crop
improvement. These genomics-based approaches aim to decipher the entire genome, including
genic and intergenic regions, to gain insights into plant molecular responses which will in
turn provide specific strategies for crop improvement. Genomics approaches are highly
intermingled, in terms of both the methodologies and the outcome.
Functional Genomics
Functional genomics techniques have long been adopted to unravel gene functions
and the interactions between genes in regulatory networks, which can be exploited to generate
improved varieties. Functional genomics approaches predominantly employ sequence or
hybridization based methodologies which are discussed below.
A. Sequencing-Based Approaches
One way to explore the expressed gene catalogue of a species is to analyze Expressed
Sequence Tags (ESTs). ESTs are partial genic sequences that are generated by single-pass
sequencing of cDNA clones. Large-scale EST sequencing has been one of the earliest
strategies for gene discovery and genome annotation. Currently, over a million ESTs are
deposited in the EST database at National Center for Biotechnological Information (NCBI)
for important crops such as maize, soybean, wheat, and rice, along with several thousands
of ESTs for other plants (http://www.ncbi.nlm.nih.gov/dbEST/). cDNA libraries from various
tissues, developmental stages, or treatments generally serve as the sources for EST sequencing
to reveal differentially expressed genes. These approaches can successfully identify tissue
or developmental stage-specific and treatment-responsive transcripts.
An alternative approach, Serial Analysis of Gene Expression (SAGE), has been
developed to quantitate the abundance of thousands of transcripts simultaneously. In this
approach, short sequence tags from transcripts are concatenated and sequenced, giving an
absolute measure of gene expression. The first report of SAGE in plants not only identified
novel genes but also implied novel functions for known genes in rice seedlings. SAGE has
also been used to investigate stress-responsive genes.
A similar tag-based approach, Massively Parallel Signature Sequencing (MPSS),
where longer sequence tags are ligated to microbeads and sequenced in parallel, enables
analysis of millions of transcripts simultaneously . Due to longer tags and high-throughput
analysis, MPSS is likely to identify genes with greater specificity and sensitivity. In plants,
besides mRNA transcripts, MPSS has been employed in the expression studies of small
RNAs, which are increasingly implicated in abiotic stress responses. Currently, plant MPSS
databases (http://mpss.udel.edu/) contain publicly available MPSS expression data for a
number of plant species, including important crops such as rice, maize, and soybean.
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B. Hybridization-Based Approaches
In contrast to sequence-based approaches, array-based techniques utilize hybridization
of the target DNA with cDNA or oligonucleotide probes attached to a surface to assess
expression. These array-based methods are targeted; that is prior knowledge of the transcript
to be analyzed, either sequence or clones, is a prerequisite to design probes. Extensive
microarray expression data exists for Arabidopsis thaliana and rice, model species with
fully sequenced genomes. In addition, microarray studies have been widely employed in
crop species such as wheat, barley, and maize, as well as less emphasized but still industrially
and agriculturally important plant species, such as cotton, cassava, and tomato to unravel
stress responses.
For species with an available whole genome sequence, a successful expansion of
array-based transcript profiling is whole genome tiling arrays. Tiling arrays can identify
novel transcriptional units on chromosomes and alternative splice sites and can map
transcripts and methylation sites. Tiling arrays have already been applied in model species
to investigate abiotic stress responses. High-throughput functional genomics technologies,
such as transcriptomics, metabolomics, proteomics, and ionomics are powerful tools for
investigating the molecular responses of plants to abiotic stress. The advancement of these
technologies has allowed for the identification and quantification of transcript/metabolites
in specific cell types and/or tissues. Using these new technologies on plants will provide a
powerful tool to uncovering genetic traits in more complex species.
Expansions to Functional Genomics Approaches
Genome wide expression profiles are most useful in the detection of candidate genes
for desired traits, such as stress tolerance. Of these, Targeting Induced Local Lesions IN
Genomes (TILLING) enables high-throughput analysis of large number of mutants.
TILLING is applicable to virtually all genes in all species where mutations can be induced
and has been reported in several crop species, including hexaploid wheat. TILLING mutants
are reported in sorghum, maize, barley, soybean, rice, and other crops. Although TILLING
populations are conventionally screened by phenotypic or genotypic variations, further use
of certain TILLING mutants in elucidation of stress responses has been demonstrated.
Importantly, a modified strategy, called Eco-TILLING, has been developed to identify
natural polymorphisms, analogous to TILLING-assisted identification of induced mutations.
Polymorphisms demonstrating natural variation in germplasms are valuable tools in genetic
mapping. Furthermore, via the discovery of polymorphisms among individuals, EcoTILLING
is able to implicate favorable haplotypes for further analyses, such as sequencing. Similar
to TILLING, EcoTILLING is applicable to polyploid species, where it can be utilized to
differentiate between alleles of homologous and paralogous genes. In a recent study,
EcoTILLING not only provided allelic variants of a number of genes involved in salt stress
response but also emphasized the complex nature of salt stress; salt-tolerant genotypes were
revealed to harbor different combinations of favorable alleles indicating the presence of
multiple pathways conferring salt stress tolerance. Transcription factors, diversifying stress
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responses, have also been targeted via EcoTILLING to examine natural rice variants exposed
to drought stress.
Structural Genomics
While functional genomics focus on the functions of genes and gene networks,
structural genomics focus on the physical structure of the genome, aiming to identify, locate,
and order genomic features along chromosomes. Together, structural genomics and functional
genomics can characterize a genome to its full extent.
Genome Sequencing and Mapping
In the last decade, advances in DNA sequencing technologies have enabled the
generation of a wealth of sequence information including whole genome sequences. Nextgeneration sequencing (NGS) platforms such as Roche 454GS FLX Titanium (http://
www.454.com/) or IlluminaSolexa Genome Analyzer (http://www.illumina.com/) can carry
out high capacity sequencing at reduced costs and increased rates compared to conventional
Sanger sequencing.
These advances have paved the way for the exploitation of plant genomics studies for
breeding improved varieties. Through NGS technologies, sequencing and re-sequencing of
even large genomes have become feasible. Accordingly, reference or draft genome sequences
for a number of species, including the model species Arabidopsis thaliana and Brachypodium
distachyon, along with important crop species such as rice, sorghum, soybean, and maize,
have been published. A high-quality reference genome sequence is considered pivotal to
crop improvement via molecular breeding, particularly for complex traits. Despite their
usefulness, producing such reference genomes requires a major investment of resources,
and currently they are only available for species with relatively small genomes of low
repetitive content.
Triticeae genomics, including that of the staple crops barley and wheat, has lagged
behind recent advances primarily due to their large and complex genomes (5Gb for barley
and 17?Gb for wheat. The high content of repetitive elements is another major challenge,
causing ambiguities in sequence assembly. In polyploid species such as wheat, the sequence
assembly problem is further exacerbated due to the presence of homoeologous genomes
and paralogous loci. For such genomes, construction of a reference sequence has been
considered unattainable until recently.
Over the last few years, advances in chromosome sorting technologies have enabled
construction of chromosome-specific Bacterial Artificial Chromosome (BAC) libraries to
tackle the challenges of complex genomes. Physical mapping of the 1Gb chromosome 3B
of hexaploid wheat has proven the feasibility of a chromosome-by-chromosome approach
to explore and exploit complex genomes. Physical maps not only compile genetic mapping
data into physical contigs but also serve as scaffolds for sequence assembly into a reference
genome. The physical mapping and reference genome sequencing of wheat and barley are
ongoing with combined efforts from a number of consortia.
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In the absence of reference genome sequences, whole genome or BAC-end shotgun
sequences provide valuable insights into genome structure and evolution [64–69].
Intriguingly, whole genome shotgun sequences have also been proposed for Quantitative
Trait Loci (QTL) detection via a very recently developed methodology named QTL-seq. In
this method, extremes of a population exhibiting a normal distribution with respect to a trait
of interest are bulked, sequenced, and compared to detect putative QTLs.
Genomics applications involving Molecular Markers
Genomics applications involving molecular markers are largely dominated by Single
Nucleotide Polymorphisms (SNPs) as reflected in the predominance of software related to
SNP discovery. The high abundance of SNPs in genomes is particularly beneficial for their
use in genomics. SNPs are readily identified by genome or transcript re-sequencing and by
comparison of different genotypes in species where reference genome sequences or extensive
transcript databases are available. Transcriptome re-sequencing not only avoids repetitive
sequences of complex genome but also identifies SNPs within transcripts that may serve as
functional markers. However, due to low-quality sequences obtained by most NGS platforms,
over-sampling may be required to differentiate SNPs from sequencing errors. In addition,
the presence of homoeologous and paralogous loci must be taken into account in SNP
identification in polyploid species. Despite the challenges of SNP discovery on the repetitive
portion of genomes, efforts are underway to improve SNP identification even in gene-poor
regions. In fact, these regions are of functional importance as well; for example, an important
vernalization gene Vrn-D4 has recently been mapped to the centromeric region of
chromosome 5D of hexaploid wheat.
A recently developed molecular marker type, Insertion Site-Based Polymorphisms
(ISBPs), utilizes the insertional polymorphisms observed in the repeat junctions of complex
genomes. ISBP markers are readily designed from low coverage shotgun sequences, such as
BAC-end sequences. Typically, 50–60% of ISBP markers tested are specific for the locus
from which they were designed, and in one study which these 70% contained SNPs in at
least some members of a panel of 14 wheat genotypes. This approach may break the ground
for genome saturation particularly for crops with highly repetitive genomes that are
impractical to exploit otherwise.
Applications of Structural Genomics in Crop Improvement
A major impact of NGS-mediated shotgun sequences has been their substantial
contribution to the development of molecular markers. These markers indicate diagnostic
polymorphisms at the DNA sequence level, and in contrast to morphological markers which
once had been the focus of traditional breeding studies, they are not affected by the
environment.
Comparative Genomics
For species with largely unexplored genomes, comparative genomics is a promising
tool to gain information by utilizing the conservation between closely related plant species.
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In fact, plant genomes share extensive similarities even between distantly related species.
Among the plant kingdom, grasses have been the focus of comparative genomics analyses
due to their high agronomic importance. The extent of genome conservation first became
evident by comparative genome mapping studies, which suggested a co-linear order of genes
and markers shared by genomes of different species. It is noteworthy that plant genomes
differ by several orders of magnitude in size; yet these differences generally correspond to
intergenic regions. Although detailed analyses have revealed notable rearrangements such
as inversions, deletions, and translocations at the molecular level, large-scale co-linearity
across grass genomes has been exploited for gene discovery and isolation.
Comparative genomics has contributed significantly to the emergence of the “genome
zipper” concept, which enables the determination of a virtual gene order in a partially
sequenced genome. Genome zippers compare the fully sequenced and annotated genomes
of Brachypodium, sorghum, and rice with various sources of data from less well-studied
species, such as genomic survey sequences and genetically mapped markers, to predict the
gene order and organization in these species. These genome zippers indicate evolutionary
relationships and medium-scale rearrangements, and for the Triticeae provide the closest
approximation to a reference genome sequence currently available. However, its reliance
on synteny means that recently evolved genes and small-scale rearrangements cannot be
explored by this approach.
In addition to syntenic genes that are found in colinear blocks of conserved genes,
nonsyntenic genes that are found outside their syntenic location in other genomes also provide
valuable insight into genome evolution and speciation. Intriguingly, a recent study focused
on the nonconserved portion of wheat and barley genome that suggested novel mechanisms,
besides transposable element-driven expansion, have driven the evolution and size of these
genomes. Many of these non-syntenic genes exhibited pseudogene characteristics, which
may have implications for gene content estimate of these large genomes based on survey
sequences.
Constraints and opportunities for the use of biotechnology approaches
Although several technological advances have been made in the recent past in the
field of biotechnology, one of the major challenges is the widening gap between the rate of
the development of new technologies and their deployment in applied breeding programs
for crop improvement. For instance, many genes for different stresses have been cloned and
characterized in models as well as some crop plant species, and in some cases, successful
reports on the development of transgenics have also been reported. However, to date, no
reports of a released transgenic variety for drought tolerance have been published, even
though Bt-transgenic crops have been widely adopted globally. Although several reports
are available on the identification or even validation of QTLs or markers for abiotic stress
tolerance, their successful deployment in the development of a superior cultivar has had
only limited success. Even in the case of rice, there are only two examples where QTLs for
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abiotic stress tolerance, namely submergence tolerance and drought tolerance, have been
successful.
This limited success of biotechnology for developing abiotic stress-tolerant cultivars
indicates one or more of the following points: (i) the nature of abiotic stress is complex with
variations in the timing, duration and intensity of stress interacting with different stages of
plant development. (ii) Abiotic stress tolerance is often measured using traits, such as yield
under stress, that are integrators over time of many processes or mechanisms. Therefore,
approaches involving the introgression of one gene or QTL using GE or MB are usually not
sufficient to develop drought- or heat-tolerant lines unless that gene or QTL has a large
effect on a particular key process. (iii) Our capacity to phenotype is limited by our
understanding of abiotic stress tolerance mechanisms, which ultimately limits all conventional
or molecular plant breeding efforts. There is also a lack of appropriate and large-scale
phenotyping facilities in public research institutes, particularly in developing countries.
(iv)The appropriate MB method (i.e. MARS or GWS) needs to be used instead of MABC
for achieving higher genetic gain for complex traits. (v) GE requires the identification of
appropriate promoters, particularly for gene stacking. It is now time to use interdisciplinary
approaches to tackle the serious challenges of complex abiotic stresses, and the scientific
community and science policymakers should consider the following approaches: (i) selection
of the most appropriate set of genes or QTLs for either a GE or a MB approach; (ii) emphasis
on precise and large-scale phenotyping based on a good understanding of the key processes
for drought and heat tolerance either alone or in combination. (iii) deployment of integrated
biotechnology approaches, including appropriate MB and GE methodologies, together with
new genomics and conventional breeding; (iv) long-term investments in the public sector to
develop the next generation of biotech crops; (v) emphasis on the adoption of biotechnology
research in breeding programs (vi) simplifying the process of the biosafety regulation of
transgenic crops and (vii) creating appropriate public awareness in developing countries
about the use of biotechnology approaches. Lastly, we should not forget that ultimately all
products of plant breeding, conventional, MB or GE, have to be delivered to farmers in the
form of the seed of improved cultivars. At the present time, many small farmers do not have
access to seed of improved cultivars, and in the shortterm it is the failure of seed systems as
much as the lack of abiotic stress-tolerant cultivars that is the major limitation
Future of biotechnology approaches for crop improvement
Biotechnology approaches have the potential to enhance crop production under
different stress conditions. On the one hand, abiotic stresses are complex in nature; on the
other hand, there are several challenges that have restricted the realization of the full potential
of using biotechnology approaches in crop breeding. Nevertheless, with current and fast
emerging technologies such as RNAi, targeted gene replacement using zinc-finger nucleases,
chromosome engineering, MARS and GWS, NGS and nanobiotechnology, the future seems
bright with respect to the development of designer crops with improved features that can
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use natural resources such as water, soil nutrients, atmospheric carbon and nitrogen with a
far greater efficiency than ever before. Although MB-derived products have been accepted
and adopted, GE-derived crops still have a long way to go to gain universal acceptance and
reach farmers’ fields. Even though the benefits to small and resource-poor farmers have
been demonstrated and the GE technology is becoming more popular, the political will to
facilitate this process is weak. Indeed, there have been many calls for the global harmonization
of regulations, which would make the requirements compatible and consistent. Regulatory
harmonization would help remove artificial trade barriers, expedite the adoption of GE
crops, protect developing countries from exploitation and bring the benefits of GE products
to the consumer.
Eventually, the adoption of biotech crops to mitigate abiotic stresses that are expected
to increase in frequency and intensity in coming years will depend on public perceptions
and public acceptance, as well as on cultural and institutional processes in developing
countries.
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Introduction
Climate/weather is an important component of crop production causing high variability
in yield potentials even in highly favourable and high technology agricultural ecosystems.
During the last 50 years, human activities all over the world have exploited the natural
resources to meet their needs inducing a disturbed ecosystem with dangerous signals of
continuous global warming and climate change scenarios. It has now become a burning
issue in every part of globe to assess the climate change behaviour using past records, and to
predict future expected global changes in order to devise ways to mitigate the adverse effects
on the society at large. These activities have induced a global climate change of the order of
1 to 6oC during the past 100 years resulting in extreme variability that 2002 and 2003 were
declared s the warmest years (IPCC, 2001).
Agricultural systems are subject to severe climatic inter-annual variability (droughts,
floods, storms etc.) and these systems will become more vulnerable under the expected
scenarios of climate change. Hoogenboom et al. (1995), Rosezweig and Iglesias (1998) and
Singh and Ritchne (1993) with the use of simulation models quantified the impact of climate
change on production of food crops rice, wheat, maize, sorghum, millet and soybean with
climate models (GCMs) scenarios of increasing temperature and varying precipitation levels.
The impact on winter crop production in Argentina and Uruguay was about 10 to 30 per
cent crop yield reductions (Baethgen and Magrin, 1995), whereas over Asian region the
yield reduction was 10 to 35 per cent and lower response to nitrogen fertilizer in rice crops
(Singh and Padilla, 1995). A common conclusion globally has been felt that the expected
impact of climate change on crop production may be small, with negative impacts over low
latitudes and positive impact over high latitudes. However, in the present study we will
have a brief review on climate change complexities in order to mitigate their adverse effects
on agricultural production in the 21st century.
Causes of Climate Change
Inter-governmental Panel on Climate Change (IPCC) in 1996 referred climate change
as a movement in climate system because of internal changes within the climate system or
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in the interaction of its components or because of changes in external forcing either by
natural factors or anthropogenic activities. There are factors which cause the natural variation
of climate systems such as
i) Changes in solar output and total solar irradiance over a long period of time.
ii) Variation in Earth’s orbit around Sun as well as the position of rotational axis
with respect to the plane of the orbit.
iii) Water vapours and cloud variation influencing earth-atmosphere radiation balance.
iv) Volcanic aerosols and injection of sulphur containing gases which induces a
cooling effect.
These changes have longer time scales above 10,000 years, but the other causes due
to human activities are more serious for climate change activities such as:
i) The enhanced concentration of green house gases (GHG)
ii) Changes in atmospheric aerosols leading to their interaction with solar and
terrestrial radiation in absorption and scattering.
iii) Hydrosphere – variation in liquid water on earth’s surface.
iv) Cryosphere – changes in global snow and ice cover as a source of water for sea
level rise.
v) Land surface changes – large scale afforestation or deforestation influencing the
albedo, aerodynamic roughness and evapotranspiration in the region.
vi) Internal dynamics of climate systems – Changes in climate system components
such as ENSO phenomena over shorter periods influencing regional climate
system, abnormal climatic extreme events of tropical cyclones, storms, etc.
vii) North Atlantic Oscillation – changes in sea surface temperatures are associated
with sudden change in oceanic circulation.
viii) Anthropogenic causes of climate variations due to combustion of fossil fuels
and deforestation by burning of forests and agricultural waste.
How to control climate change is a big question in order to sustain life of living
organisms? To understand the complex problem, let us consider two scenarios in which
(A) Concentration of CO2 in the atmosphere gradually rises to 420 ppm (13.5%
increase) to stabilize.
(B) Concentration of CO2 in the atmosphere gradually falls to 350 ppm (5 per cent
decrease) to stabilize.
(C) Concentration of CO2 in the atmosphere is maintained at 370 ppm to stabilize
gradually
When emission <net removal rate scenario is maintained it is possible to stabilize
atmospheric CO2 by 2150-80 where it is desirable to maintain removal of CO2 at a higher
rate than emission of anthropogenic gases. However, if the present situation continues
where emission of anthropogenic gases is double than removal rate, the situation goes on
cumulatively build up from bad to worse to attain alarming rate of global warming. Similar
features are supported with the results of Sterman and Sweeney (2007).

54

Natural Resource Management for Enhancement of Adaptation and Mitigation Potential under Changing Climate

Global Climate Models
Climate is a manifestation of an enormous manifold of interacting physical, chemical
and biological processes at all levels in the atmosphere and ocean surfaces. There are
several problems in climate modeling such as:
(i) Complexity of each individual system
(ii) Widely different timescales for the different climate subsystems.
(iii) Coupling problems of systems.
All these weather systems, of different time and space scales, are closely coupled
together through different dynamic and thermodynamic processes. For a numerical
integration it is necessary to specify temperature, wind velocity and humidity for a number
of vertical levels from earth surface high into the stratosphere. Surface pressure and accurate
boundary conditions over land and sea are also needed in order to carry out physical processes.
Coupling of different climate subsystems is a complicated issue due to different
characteristical time scales. The enormous computations are carried out on a regular grid
basis covering the entire earth.
During the last 50 years, hydrodynamic models have been developed to depict the
essential features of the large scale general circulation (IPCC, 1992). In the last two decades
more advanced coupled ocean-atmospheric models have been developed to account for
oceanic circulation, deep ocean processes, feedback with clouds, sufficient resolutions and
three dimensional global ocean circulations (Cubasch et al., 1991; Manabe et al., 1991).
IPCC, 2001 reported a global average surface temperature rise by 0.6oC during the 20th
century. Model output estimated that average global surface temperature is likely to attain
levels of 0.6 to 2.5oC in next 50 years and 1.4 to 5.8oC in next century by doubling the CO2
concentration. The expected rise in temperature in higher latitudes will be likely much more
than at equatorial regions (Houghton et al., 1996; IPCC, 2001).
The global warming also has a strong impact on global precipitation patterns causing
floods, droughts and extreme weather events. Global climate models using the influence of
rising concentration of GHGs predicted an increase in rainfall amounts. Fischer et al. (1996)
simulated temperature increase using GCM models of the order of 4 to 5.2oC with doubled
CO2 level. Roseneweig (1990) using 5 GCM models estimated increase in global temperature
of 3.9oC (2.8 to 5.2oC) and global precipitation of 10.1 (7.1 to 15.8%). The GISS and GFDL
scenarios were of the order of 3.8oC for doubled CO2 concentration (IPCC, 1992). The
GCM models have indicated a poleward shift in thermal regimes, more expansion of tropical
agroecological zones, shift in temperate zones to high latitudes, coast lands to be covered
under sea due to rise of sea levels (Fischer et al., 2002; Rosenwzeig and Parry, 1994) (Table
1).
Indian Scenario of Climate Change
Sarkar and Thapliyal (1988) received climate change over India to indicate a slight
warming trend in dry bulb temperature; but decadal study of Srivastava et al. (1992) presented
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Table 1: GCM doubled CO2 climate change scenario
Model

Year

CO2

Change in average global
Temperature (oC)

Rainfall (%)

GFDL

1988

600

4.0

8

GISS

1982

630

4.2

11

UKMO

1986

640

5.2

15

GISS: Goddard Institute of Space Studies; GFDL: Geophysical Fluid Dynamics Laboratory; UKMO: United
Kingdom Meteorological Office.
(After Fischer et al., 1996).

a decreasing trend in temperature over most of northern part of the country (north of 23oN),
whereas a rising trend of the order of 0.35oC during last 100 years. Rupakumar et al. (1994)
found that the increase in mean temperature over India was mainly due to a rise in maximum
temperature (Table 3), but Sinha Ray et al. (1997) study presented a increasing trend partly
as a rise in minimum temperature due to urbanization. IPCC (1996) reported a slight warming
trend of 0.4oC over 100 years where the changes were more clearly observed during winter
as compared to small changes in monsoon season. Warming trend was observed during all
the four seasons (Table 2).
Table 2: Trends in maximum and minimum temperatures during 1901-90 in different
regions over India (oC/decade)
Region of India

Summer season

Winter season

Annual

Tmax

Tmin

Tmax

Tmin

Tmax

Tmin

Northwest

0.000

-0.040

0.058

-0.048

0.040

-0.053

North central

0.037

-0.034

0.101

0.071

0.060

0.016

Northeast

0.076

-0.059

0.147

0.044

0.106

-0.013

Interior Peninsula

0.000

+0.024

0.043

0.073

0.017

0.048

East Coast

0.024

0.000

0.099

0.055

0.017

0.048

West Coast

0.089

-0.011

0.155

0.034

0.117

0.010

All India

0.027

-0.022

0.097

0.043

0.060

0.009

Srivastava et al. (1998) studied the rainfall and solar radiation trends over smaller
spatial scales over India to show that a decreasing trend over hilly areas, increasing trend
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over drought prone areas over interior peninsula, and a decreasing trend in global radiation
over Jodhpur, and increasing trend in diffuse radiation during winter was reported. Srivastava
and Balakrishnan (1993) indicated an increase in sea level of about 8 cm during 1901 to
1950 with a decreasing trend in sea-level pressure was noticed during the same period.
Sinha Ray et al. (1997) presented a significant decreasing trend in lower stratosphere
temperature near equatorial Indian region; but during ENSO years it was warmer. In the
upper stratosphere, a significant decreasing trend was observed during September to
December, whereas decreasing trend was noticed in May and June in upper mesosphere.
Rajeevan et al. (2000) showed an increasing trend in sea surface temperature (SST) and
cloudiness over the equatorial Indian Ocean due to decreasing trend of outgoing long wave
radiation indicating increased convection and SST trends over northern Bay of Bengal and
a decreasing trend in cloudiness over the same region due to activity of the monsoon trough
and formation of monsoon depressions and storms.
De et al. (2000) showed that visibility over most of Indian cities showed decreasing
trend in 0030 UTC observation due to anthropogenic causes and rapid urbanization. Table
3 summarizes the observed climate change reports over India during 20th century (Mall et
al., 2006).
Impact of Climate Change on Agriculture
Climate change and climate variability has a direct impact on food production. The
impact on global agricultural production is expected small, but regional vulnerability to
food shortage may increase. Rosenzweig and Parry (1994) estimated the net effect of climate
change on global production upto 5 per cent, but production may decrease in developing
countries and increase in developed countries. Doubling CO2 concentration may increase
the photosynthetic rates by as much as 30 to 100 per cent in C3 plants such as wheat, rice
and soybean, whereas response in C4 plants such as maize, sorghum, sugarcane, millets etc.
may remain as such (IUCC, 1992). In most tropical and sub-tropical areas, potential yields
may decrease for projected increase in temperature, whereas in mid-latitudes with warming
effect due to increase of CO2 levels will lead to generally positive responses, and generally
negative responses with still greater warming.
Effect of rise will change biological, physical and chemical activity processes. Increase
in CO2 concentration will lower pH to enhance nutrient availability and microbial activity.
Net photosynthesis rate is enhanced with reduction of photorespiration with increase of
CO2 levels. Evapo-transpiration and water use efficiency are improved with decrease of
stomatal conductance with increase of CO2 levels. These responses are more pronounced in
C3 plants as compared to C4 plants whereby increasing the productivity in C3 plants (Porter,
1993). Crop yields of C3 plants respond favourably to increased CO2 levels leading to an
increase in yield by 15 to 22 per cent, whereas in C4 plant yield increase is limited within 5
per cent (Saseendran et al., 2000).
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Table 3: Observed climate change in India during 20th century
Region

Temperature

All India

Mean temperature increase in
0.4oC/ 100 years
Maximum temperature increase in 0.6oC/
100 years, minimum temperature trend less
Winter season increasing trend of 0.5oC/
100 years, whereas a monsoon season
shows decreasing trend in foothills
Surface temperature rising turned of 0.53oC
/ 100 years during 1875-1958, whereas
decreasing trend of 0.93o/ 100 years during
1958-1997

All India
Western
Himalaya
IndoGangetic
Plains

Rainfall

NE,
Peninsula,
NE India, NW
Peninsula,
West Coast
and Central
Peninsula

Western
and eastern
Himalaya

-

Rajasthan
desert
Luni river
basin

Rising trend over Luni basin. Decreasing
trend around Udaipur and Jwaibandh

No trend
Rising turned in western
belt (170 mm/ 100 years)
decreasing trend in central
belt (5 mm/ 100 years). A
decreasing trend in eastern
belt (50 mm/100 years)
during 1900-1984 and
increasing trend (480 mm/
100 years) during 1984-1999.
A westward shift in rainfall
activities was noticed.
NE Peninsula, NE India
and NW Peninsula show
decreasing trend of -6 to 8%
of normal Indian summer
monsoon rainfall over 100
years whereas increasing
trend was noticed along the
west coast and over central
Peninsula of 10 to 12% of
normal
More snow over western
Himalaya than eastern
region during winter;
whereas more rainfall over
eastern Himalaya than
western region during
monsoon season
Slight increase in monsoon
rainfall inspite of large interannul variations
Increasing trend in annual
rainfall in upper part of
Lunibasin. Decreasing trend
in lower Lunibasin

(From: Mall et al., 2006).
More warming over winter season is expected than over summer monsoon.
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With use of different crop models, it has been inferred that there is negative impact in
equatorial and subtropical regions, whereas improvements in mid-latitude to poleward belt.
Climate Change Versus Technological Advancement
Mckenney et al. (1992) analyzed the impact of climate change on crop yields using
EPIC model with the contribution of technological advancement with time by the year 2030.
Scenarios generated were:
i) C- Future baseline crop productivity in 2030 in the absence of climate change.
ii) D1,D2 – Climatic analog with current and elevated atmosphere CO2 concentration
superimposed on future baseline (C)
iii) D3- analog climate with use of currently available and future technologies which
might be developed in response to warmer and drier climate i.e. D3,1 with current
CO2 levels and D3,2 with elevated CO2 levels.
The future selected technological advancement by 2030, not due to climate change,
but to improve agricultural productivity with the passage of time considered in terms of :
i) Photosynthetic efficiency (LUE) improvement- two levels of 10 and 20 per cent
variation.
ii) Harvest index (HI) improvement varied by 10 and 20 per cent.
iii) Pest control (PSTF) including insects, weeds and disease – varied by 10 and 20
per cent.
iv) Rate and timing of leaf area development (DLAI) - earlier leaf development
would increase leaf area duration providing greater photosynthetic capacity over
the growing season. Two levels of DLAI to provide 5 and 10 per cent earlier in
the growing season.
v) Harvest efficiency (HE) - to avoid field losses during harvest (management).
vi) Stomatal conductance (gs) – decrease will increase drought tolerance, reduction
of evapotranspiration, increase of WUE. gs decreased by 0.001 and 0.002 m/sec
from base value of 0.007 for crops.
vii) Irrigation efficiency (EFI) - with control of time and amount of irrigation water
(management).
A sensitivity analysis was conducted using EPIC model to select appropriate future
technology under controlled climate (Table 4) as well as climate change conditions.
The potential change in climate will impact agricultural production positively or
negatively. In Bulgaria a decrease in winter wheat and maize yields for 2020, 2050 and
2080s and reported this reduction probably due to shortened vernalization period of winter
wheat and a short growing season duration for both crops. When direct impact of CO2 was
considered, the winter wheat yield increased. Therefore, there is need for a adaptation and
possible changes in sowing date and selection of hybrids which can reduce the negative
impact of potential warming on maize yield. Changes in cropping mixtures, irrigation and
agricultural landuse can be additional alternative options for adaptation in agriculture.
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Table 4: Impact on maize and wheat yields under controlled climate (Mckenney et al.,
1992)
Future technology

Percent change in yield of
Maize

LUE + 10%
LUE + 20%
HI + 10%
HI + 20%
PSIF + 10%
PSIF + 20%
DLAI + 5%
DLAI + 10%
1/rs + 0.001
1/rs + 0..002

Wheat

C

D1

D2

C

D1

D2

9
19
10
19
11
21
8
17
3
8

10
21
10
20
11
21
5
11
6
12

11
21
10
19
11
21
5
12
5
12

10
20
9
18
12
24
3
6
6
15

10
20
9
18
12
24
1
3
8
18

10
20
9
18
12
25
1
3
8
17

C: Future technology without climate change under control conditions.
D1: Future technology with analog climate without additional CO2 under control conditions.
D2: Future technology with analog climate with additional CO2 under control conditions.
D3: Future technology with analog climate with decreased conductance and increased irrigation efficiency
in addition for adaptation.

Task A and B studied the potential impacts of climate change imposed on crops,
however, with time some of the technological changes may affect the ways in which both
crops and farmers respond to mitigate the adverse effect. EPIC model was used in task C
and D with incorporation of existing trends and responses by manipulating parameters of
future technologies. The future technology parameters were identified with sensitivity analysis
in EPIC for different crops. The technology aspects were used without climate change.
Even with future technology yield would increase for all crops by 72 per cent, whereas for
wheat 88 per cent.
Olszyk et al. (1999) simulated rice yield using ORYZAI process model using climate
change scenario to compare with the experimental yields for 1995 and 1996 seasons (Dry
conditions) and 1994 wet season. Under current climate conditions of ambient CO2 and
temperature, the simulated yield was 14 per cent lower than experimental yields, in 1996,
but was higher by 17 and 37 per cent during 1995 and 1994 seasons. Biomass was also
underestimated, whereas simulated CH4 were same as of experimental values. Improvements
are needed in ORYZAI model to account for effect of global climate change.
Alexandrov and Hoogenboom (2000) studied the impact of climate change scenarios
of GCM models on crop yields in Bulgaria. The GCMs models used were from Max-
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Planck Institute for Meteorology (ECHAM4), UK Hadley Centre for Climate Prediction
and Research (HadCM2), Canadian Center for Climate Modelling and Analysis (CGCM1),
Australian Commonwealth Scientific and Industrial Research Organization (CSIRO-Mk2b)
and Geophysical Fluid Dynamics Laboratory (GFDL-R15) for the period 2010-2039, 20402069 and 2070-2099 referred as 2020, 2050 and 2080 with base period of 1961-1990. CERES
v 3.5 (Ritchi et al., 1998) with DSSA T v. 3.5 was used for crop yield simulation (Table 5).
Table 5: Impact of climate change on maize and wheat yields using different GCM
models
GCM scenarios

Percentage departure of grain yield over the current climate
Maize

ECHAM4
HadCM2
CGCM1
CSIRO-Mk2b
GFDL-R15
CO2 level (ppm)

Winter wheat

2020

2050

2080

2020

2060

2080

-5.5
9
-6
-7
-12
447

-11.6
-1.3
-10.2
-9.6
-19.0
554

-15
-17
-19
-11
NA
697

14
10.5
18
16
13
447

27
30
26
27
24
554

30.4
26
32
36
NA
697

Conclusion
Climate variables are so difficult to compute that even the best model will be farm
from perfect in assessing what the future may hold? Global climate change, in terms of
increased CO3 concentrations, temperature rise and different precipitation patterns, with
further aggravate this vulnerability to extreme climatic variability and increase in frequency
of their impacts in terms of abnormal weather-events of droughts, cyclones and floods etc.
Global climate models have been developed to simulate future scenarios, but with difference
in simulated results in different agro-ecological zones. Climate change – as observed through
rising CO2 concentration and temperature/precipitation trends, is posing a threat to agricultural
productivity in different agro-ecological zones of the globe. Climatic response to increased
CO2 and temperature levels in C3 and C4 crops needs to be assessed over spatial and temporal
resolution scales for accurate estimation. Crop growth models have been widely adopted
for different crops in different regions under different GCMs scenarios. Thermal and drought
tolerant genotypes will be suitable for climate change scenarios. The impact of temperature
rise with decline the yield levels, but with rise of CO2 level will enhance the net productivity
with better soil water utilization due to decrease of stomatal conductivity, and therefore,
partial compromising results are available for different crops all over the globe. Technological
advancement will counteract the negative impacts on productivity due to global warming
with better farming management practices.
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Ways and means of scientific intervention to tackle
climate change in rainfed areas
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Introduction
Climate change refers to the variation in the Earth’s global climate or in regional
climates over time. It describes changes in the state of the atmosphere over time scales
ranging from decades to millions of years. Agricultural production system mainly depends
on temperature and its associated seasonal patterns. Climate change will mean higher average
temperatures, changing rainfall patterns and rising sea levels. Increase in temperatures along
with climate change will likely to have a negative impact on crop production and allied
sectors. In India, out of the total agricultural areas, around 60 percent are rain-fed and hence
it is highly vulnerable to climate change impacts. Moreover, 80 percent of farmers in India
are small and marginal and thus having less capacity to cope with climate change impacts
viz., extreme events such as droughts, floods, cyclones. The impact of climate change will
be seen as increase in the average surface temperature, changes in frequency and distribution
of rainfall, changes in the number of rainy days, changes in the intensity of rainfall and
increase in the frequency and in intensity of cyclonic storms. The warming trend in India
over past 100 years (1901to 2007) was observed to be 0.51?C with accelerated warming of
0.21?C per every 10 years since 1970 ( Krishna Kumar,2009).The projected impacts are
likely to further aggravate yield fluctuations of many crops with impact on food security
and prices (Rao,2012) .
From past, anthropogenic activities lead to the significant changes in the gaseous
composition of earth’s atmosphere, mainly through increased emission of gases like carbon
dioxide (CO2), methane (CH4) and nitrous oxide (N2O). These gases are known as the
‘greenhouse gases’ (GHGs). They can raise the temperature of the atmosphere by trapping
the outgoing infrared radiations from the earth’s surface. By the end of 20th century, global
mean annual temperature has increased by 0.4–0.7 ºC above that recorded at the end of the
19th century due to GHG accumulation in the atmosphere. Increase in temperature by 1.1
°C to 6.4 °C has been projected by Inter-Governmental Panel on Climate Change by the end
of the 21st Century (IPCC, 2007). This will lead to the change in climate-related parameters
such as rainfall, soil moisture, and sea level. Therefore, concerted efforts are required for
mitigation and adaptation to reduce the vulnerability of agriculture to the adverse impacts
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of climate change and making it more resilient. As most of our farmers are marginal their
adaptive capacity is limited, and hence, economically viable and culturally acceptable
adaptation strategies need to be developed and implemented.
Dealing with climate change would require strengthening the resilience of farmers
and rural communities and to help them adapt to the impact of climate change. First we have
to understand the impact of climate change across different agro-climatic regions for
developing appropriate and targeted adaptation efforts.
Impacts of Climate Change on Agriculture
Agriculture in India depends heavily on south-west monsoon as it contributes75% of
the rainfall. Long term data for India indicates that rainfed areas witness 3-4 drought years
in every 10-year period. Of these, 2-3 are in moderate and one may be of severe intensity.
However, no definite trend is seen on the frequency of droughts as a result of climate change
so far. For any R&D and policy initiative it is important to know spatial distribution of
drought events in the country. Analysis of number of rainy days based on IMD grid data
from 1957 to 2007 showed declining trends in Chattishgarh and eastern Madhya and Jammu
Kashmir. In Chattishgarh and eastern Madhya Pradesh, both rainfall and number of rainy
days are declining which is a cause of concern as this is a rainfed rice production system
supporting large tribal population with poor coping capabilities (Rao, 2012). A study on
long term shifts of weather in Lakimpur district of Assam (Domain district of AICRPDA,
Biswanath Chariali Center) indicates that annual rainfall as well as seasonal rainfall (except
winter season) is decreasing in the district. The district suffered from early, mid and late
season drought in recent years viz.,
2001, 2005, 2006, 2009 and 2011.
Number of rainy days is decreasing
while high intensity rainfall events
are increasing. Number of dry
spells (early, mid and late season)
and flash floods are increasing in
the district, affecting the rice
production as the district is a
traditional rice mono cropped area.
Climate change can affect
agriculture through their direct and
indirect effects on the crops, soils,
livestock and pests. Rise in
temperature can reduce crop
duration, increase crop respiration
rates, alter photosynthate Fig.1 Long term shift of weather in Lakhimpur district
of Assam (Neog & Sarma 2014)
partitioning to economic products,
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affect the survival and distribution of pest populations, hasten nutrient mineralization in
soils, decrease fertilizer-use efficiencies and increase evapo -transpiration rate. Agriculture
will be adversely affected not only by an increase or decrease in the overall amounts of
rainfall but also by shifts in the timing of the rainfall. Any change in rainfall patterns poses
a serious threat to agriculture, and therefore to the economy and food security.
Reduction in Crop Yield: Agricultural yield is drastically reduced due to the rise in
mean temperature above threshold level. Higher daytime temperature accelerates plant
maturity and results in reduced grain filling, while higher night temperatures increase yield
losses due to higher rate of respiration. Different researcher’s reported that a change in the
minimum temperature is more crucial than a change in the maximum temperature. Pathak et
al. (2003) reported that grain yield of rice declined by 10% for each 1°C increase in the
growing season minimum temperature above 32°C. Similar result was also reported by
Aggarwal et al. (2009) where reduction in grain yield of rice by 5.4%, 7.4% and 25.1% was
observed with increase in temperature by 1°C, 2°C and 3 °C respectively. Fertilizer
requirement would also increases to maintain the current yield level due to the rise in
temperature and results in higher GHG emission, ammonia volatilization and cost of crop
production.
Monsoon: As Indian agriculture is dependent on monsoon rain, so the changes
occurring in monsoon patterns are damaging crop yields. Onset of monsoon at right time is
of crucial importance to food production in the country and changing patterns in the monsoon,
like late onset, early withdrawal and long dry spells are a threat to agriculture.
Flooding: Due to climate change, frequency and distribution of rainfall also changes
leading to an increased risk of flooding which is also one of the major reasons of declining
productivity in rainfed areas. Most of the rice varieties can withstand submergence for
about 6 days. When submergence lasts for more than 14 days then mortality will reach
100% (International Rice Commission, FAO, 2012).
Droughts: Aberrant weather condition often results in drought like condition in most
of the rainfed areas in India. As a result marginal cropland could convert to range-land, and
some crop-land and rangelands could no longer be suitable for food and fodder production.
Soil Fertility: Soil processes are heavily affected by the impact of climate change.
This is because increase in temperature affects the rates of organic matter decomposition
and release of nutrients. At high temperatures, though nutrient availability will increase in
the short-term, in the long-run organic matter content will diminish, resulting in a decline in
soil fertility. Higher air temperatures will increase soil temperature and with it, increase the
speed of organic matter decomposition and other soil processes that affect fertility.
Biodiversity: According to Inter-Governmental Panel on Climate Change if average
global temperature increases by 1.5-2.5°C it may lead to the extinction of thirty percent of
known plants and animal species (IPCC, 2007). Food and Agricultural Organization (FAO)
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already reported that three-quarters of the global crop diversity is already lost. Loss of
genetic diversity further increases the vulnerability of climate change on agriculture. Change
in environmental condition favors the growth of invasive alien species which are considered
threats to global biodiversity and ecosystems.
Pests and Diseases: Rise in temperature increases the rate of population development,
growth, migration and over-wintering of insect-pests. As an impact of climate change the
balance between insect pests, their natural enemies and their hosts has been altered.
Environmental instability alters the disease cycle of most of the plant diseases and hence
become difficult to predict the disease outbreaks. Climate change also reduces the
effectiveness of pesticides on targeted pests.
Strategies to tackle climate change
Contingency crop planning: Delays in monsoon or mid-season breaks have been
addressed by the Central and state governments by implementing contingency plans,
particularly droughts. On the recommendation of the Consultative committee of Parliament
on Agriculture, Central Research Institute for Dryland Agriculture in 2010 undertook the
preparation of country-wide contingency plans at the district level to meet aberrant and
extreme weather situations in crop, livestock and fisheries sectors involving several research
institutes of ICAR and all the State Agricultural, Horticultural and Veterinary Universities.
Over 300 plans have been prepared so far upto Kharif 2012 season which are made available
to Department of Agriculture and cooperation, Ministry of Agriculture. Another 200 district
plans are in the process of preparation. These plans are quite exhaustive containing all
information on the district agricultural profile, different farming situations and contingency
plans for all possible weather aberrations like droughts, floods, cyclons, unseasonal rains,
heat wave and cold wave etc. in agriculture and allied sectors(Prasad et al.2012)
Developing Climate-ready Crops: Stability of yield can be obtained by developing
varieties with higher yield potential and resistance to multiple stresses (drought, flood,
salinity). Breeding programme should aim in improving germplasm of important crops for
heat-stress tolerance and tolerance to multiple abiotic stresses. Nitrogen-use efficiency may
be reduced under the climate change scenarios because of high temperatures and heavy
precipitation events causing volatilization and leaching losses. Apart from this, for exploiting
the beneficial effects of elevated CO2 concentrations, crop demand for nitrogen is likely to
increase (Pathak, 2012). Thus, it is important to improve the root efficiency for mining the
water and absorption of nutrients. Exploitation of genetic engineering for ‘gene pyramiding’
has become essential to pool all the desirable traits in one plant to get the ‘ideal plant type’
which may also be ‘adverse climate-tolerant’ genotype. Availability of new varieties having
tolerance to drought, heat and salinity strengthen the adaptation process.
Crop Diversification: Crop diversification, reliance upon varieties that can cope
better with dry periods or resist wind damage, the development of alternative sources of
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employment and income, and similar measures will limit the damage caused by existing
risks and facilitate adaptation to climate change. Diversity in the seed genetic structure and
composition has been recognized as an effective defense against disease and pest outbreak
and climatic hazards. Cultivation of high-value commodities will increase income and also
reduces water and fertilizer use.
Changes in Land-use Management Practices: Alternate land-use management
practices such as rotating or shifting production between crops and livestock, shifting
production away from marginal areas, altering the intensity of fertilizer and pesticide
application as well as capital and labour inputs can help reduce risks from climate change in
farm production (Pathak, 2012). Adjusting the timing of sowing, cropping sequence, planting,
spraying and harvesting, to take advantage of the changing duration of growing seasons and
associated heat and moisture levels is another option. Changing the time of sowing can also
help farmers regulate the length of the growing season to better suit the changed environment.
Farmer adaptation can also involve changing the timing of irrigation or use of other inputs
such as fertilizers.
Adjusting Cropping Season: Adjusting the cropping season according to the changed
environment is one of the important measure to avoid the adverse effect of climate change
on crop growth. Example: One of the major constraint of crop production in rainfed areas is
spikelet sterility which is due to high temperature. This effect can be minimized by adjusting
planting dates such that flowering period do not coincide with the hottest period. Cropping
systems should include growing of those crops that best suits to the changed environmental
condition.
Efficient Use of Resources: Efficient use of resources encompasses reduction in
production costs; savings in water, fuel and labour requirements; and timely establishment
of crops, resulting in improved yields. Zero-tillage practice in rainfed areas can allow farmers
to sow wheat sooner after rice harvest, so the crop heads and fills the grain before the onset
of pre-monsoon hot weather. As the average temperatures in the region rise, early sowing
will become even more important for wheat. These approaches of crop management should
be integrated with the measures of crop improvement for wider adaptation to climate change.
Soil and water management is highly critical for adaptation to climate change. With higher
temperatures and changing precipitation patterns, water will further become a scarce resource.
Serious attempts towards water conservation, water harvesting improvement in irrigation
accessibility, and water-use efficiency will become essential for crop production and
livelihood management. Farmers have to be trained and motivated for adopting on-farm
water conservation techniques, micro-irrigation systems for better water-use efficiency,
selection of appropriate crops, etc. Principles of increasing water infiltration with
improvement in soil aggregation, decreasing runoff with use of contours, ridges, vegetative
hedges, etc. and reducing soil evaporation with use of crop residues mulch could be employed
for better management of soil-water.
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Indigenous Technical Knowledge of Farmers: Farmers, by their own effort, are
experimenting with the climatic variability for centuries. Their knowledge can help in
developing technologies to overcome climate vulnerabilities. Farmers of hill region follow
different indigenous practices for absorption and conservation of rainwater, nutrient and
weed management, crop production and plant protection. Their belief systems have effectively
helped in weather forecasting and risk adjustment in crop cultivation.
Improved Pest Management: Incidence of pest and diseases of major crops is also
affected by changes in temperature and variability in rainfall. Climate change affects the
pest/weed-host relationship by affecting the pest/weed population, the host population and
the pest/weed-host interactions. Therefore, adaptation strategies includes developing cultivars
resistance to pests and diseases, adoption of integrated pest management with more emphasis
on biological control and changes in cultural practices, pest forecasting using recent tools
such as simulation modelling, and developing alternative production techniques and crops,
as well as locations, that are resistant to infestations and other risks. Management of pests
and diseases with use of resistant varieties and breeds; alternative natural pesticides; bacterial
and viral pesticides; pheromones for disrupting pest reproduction, etc. could be adopted for
sustainability of agricultural production process (Pathak, 2012). Bioagents plays a major
role in pest management, hence practices to promote natural enemies like release of predators
and parasites, improving the habitat for natural enemies, facilitating beetle banks and
flowering strips, crop rotation and multiple cropping should be integrated in pest management
practices. Reduction in use of pesticides will also help in reducing carbon emissions.
Weather Forecasting: Risks of climatic aberrations can be minimized by weather
forecasting and early warning system. Contingency plans can be developed by predicting
weather condition in near future. One can adopt crop-cultural practices to minimize the
effects of mid-seasonal hazardous weather phenomena on the basis of weather forecasting
data. Thus, medium range weather forecasts are very important to carry out cultural operations
which may reduce the impact of extreme weather events during crop growth. Generally
there are five different types of weather forecasting. They are:
(i) Now-casting (NC): A description of current weather variables and 0 - 2 hours
description of forecasted weather variables.
(ii) Very Short Range Forecast (VSRF): Up to 12 hours description of weather
variables
(iii) Short Range Forecast (SRF): Beyond 12 hours and up to 72 hours description of
weather variables
(iv) Medium Range Forecast (MRF): Beyond 72 hours and up to 240 hours description
of weather variables.
(v) Long Range Forecast (LRF): From 12-30 days up to two years.
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Conclusion
Climate change is one of the major threats to food security. Since the supply of land
is fixed, the continuous expansion of agricultural areas by bringing more areas under
cultivation is not possible in the long run, further growth will have to rely on productivity
increases. Meeting the food requirement of immensely growing population without any
damage to the ecological aspects now is the topmost priority of agriculturists,
environmentalists or development planners to focus on sustainable agricultural strategies
for livelihood security especially in the context of climate variability and change. There is a
need to develop and apply a standard methodology across the board for various studies
related to climate change and agriculture.
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A majority of scientific literature available to date indicate that Global warming
represents a credible threat to sustaining future global productivity of crops to keep pace
with demand of raising population. Although the short term projections of warming climate
on food supply in not alarming, there is an urgent need to focus our future research to solve
a few of the major problems associated with imminent Global warming in next few decades.
Although the contribution of increased CO2 to global warming is estimated to be
around 55 percent, CFC’S, Methane, Nitrous oxide and ozone also play significant role in
influencing the warming process. In addition to the overall effect of these contributing
factors together on global warming, each one of this factor have independent effect on crop
growth, development and thus on crop productivity. Crop plants need optimum water,
temperature and CO2 in addition to sunlight for maximum productivity. A subtle change in
the extent of availability of these factors modulated along with global warming influences
basic crop physiological processes like plant water status, carbon metabolism, partitioning
of photosynthates to economic yield and thus ultimate crop productivity. However, Crop
Species show variability in the processes affected and in the extent of variation within a
process to a dynamic environmental variable. A basic understanding of crop responses to
climate variations and ways to manipulate these physiological processes at plant level or by
crop management practices will overcome the deleterious effect of global warming. There
is an urgent need to understand the plant traits and physiological processes which induces
high temperature tolerance in crop plants. Targeted breeding and molecular approaches
must be followed for pyramiding heat tolerant traits with high yielding abilities for tropical
crop species.
Temperatures are already approaching critical levels for crop growth & development
in many parts of Tropical and subtropical countries with shrinking water resources for
irrigation. The drought stress may further reduce the crop productivity in Tropical ecosystems.
High temperature hastens crop maturity resulting in shorter life cycle–which means less
seasonal photosynthesis, shorter reproductive growth and thus lower yield. A further increase
in temperature may drastically affect reproductive development, including pollen viability,
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stigmatic receptivity and thus fertilization and seed set in many Tropical and Sub-tropical
countries.
Trends in increasing atmospheric CO2 concentrations provide some counteracting
effect to the rising temperature and reduced soil moisture. High CO2 increase photosynthesis
and reduces photo respiratory costs in most of the C3 crops like, Rice, Wheat, vegetables,
Pulses and oil seed crops. Elevated CO2 concns. will reduce stomatal Conductance and
improve WUE of both C3 & C4 crops. The relative benefits of elevated CO2 concns. with parallel
increase in temperature is viewed differently in the scientific literature. However, many
studies concluded that elevated CO2 will offset the harmful effect of increased temperature
and may result in increased crop productivity until the temperature increase reaches a critical
level.
Continuous increase in air pollutants such as Nitrous oxide, carbon monoxide,
Methane, CFC’S, and reactive hydroxyl radicals in the presence of sunlight will increase
troposphere ozone which may cause oxidative damage to photosynthetic machinery in all
crops. However, reduced stomatal conductance by elevated CO2 concns may reduce heavy
O3 uptake through stomata there by reducing the damage of Troposphere ozone.
In a Global perspective the climate change scenario may lead to large scale shifting
of major grain crops from Tropical and subtropical to temperate regions like North America
and Eurasia. Adaption of Agriculture to climate change to sustain crop productivity can be
broadly divided under two headings viz. Genetic improvement and crop management. Genetic
improvement in broad sense includes improving traits, for heat tolerance and increased CO2
responses in terms of growth. A concerted effort to develop crop varieties based on modern
molecular breeding techniques and transgenic approaches may pave way to achieve this in
the near further. Improved management practices for example… includes modifications,
starting from adjustment of planting dates and harvesting time, expansion of crop lands to
more permissive areas, altering fertilization and irrigation practices, soil moisture
conservation practices etc.
The quantum jump in crop productivity achieved during the ‘’green revolution‘’ by
conventional breeding may not be adequate to develop crop improvement to keep pace with
rapidly changing Global warming scenario. There is an urgent need to identify traits to
improve productivity under global warming and brining these traits in a genotype with high
yielding background by molecular techniques is the need of the hour to maintain food supply
in the long term. .
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ecosystems of north eastern Himalaya
NS Azad Thakur, DM Firake and GT Behere
ICAR Research Complex for NEH Region, Umiam, Meghalaya, 793 103

North Eastern Hill (NEH) Region of India, a mega-biodiversity hotspot and is bestowed
with wide diversity in soil and climatic conditions, which offers tremendous potential to
cultivate variety of crops ranging from tropical to dry temperate in different agro-climatic
conditions. Pests are the limiting factors in the production and productivity of crops all over
the country. Field crops losses due to pests are estimated to be about 20-25%. Agro-climatic
conditions of NEH are conducive for the development and multiplication of insect pests
and their natural enemies. Pest problems in the region are innumerable and as many as 600
species of insects have assumed pest status in various crops through the decades. Anecdotal
evidences also indicate rise in losses, despite increasing use of chemical pesticides, thus
there is an urgent need of holistic approach like IPM (Integrated Pest Management). In this
view, attempts are therefore made to mention important pests of major crops and their possible
management strategies.
RICE
All together around 220 insects are known to infest rice in field and storage and a few
are economically important. The rain fed rice in the region is severely damaged by the
subterranean insects like root aphid and white grubs which are not a major problem of rice
in the other part of India. Natural enemies (predators, parasites, parasitoids, and pathogens)
play a major role in the regulation of rice insect pests. Outbreaks however do occur due to
indiscriminate use of insecticides resulting to an imbalance between pests and natural enemies
and also due to some agro-ecological reasons. Before intelligent decision can be made about
management of the rice insect pests, it is important to be able to identify which species of
insects are pests.
The major insect pests of rice in the NEH region are the stem borer, leaf roller, leaf
hoppers, hairy caterpillar and slug caterpillar, among the foliage feeders, rice root aphid and
white grub as soil borne pests and gundhi bug as panicle feeder. Rice insect pests continue
to be one of the major constraints to rice production, which causes about 20% yield losses
and complete failure of the crop during epidemics.
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Management
●
Destruction of insect infested crop residues.
●
Selection of healthy seeds of resistant/tolerant varieties.
●
Timely sowing/planting of crop. March–April sowing of rice escapes major attack
of Sesamia inferens and Cnaphalocrasis medinalis during early stages of crop
growth.
●
Raising healthy nurseries and balanced use of fertilizers and micro-nutrients.
●
Proper water management (alternate wetting and drying to avoid water stagnation).
●
Collection of egg masses and larvae of pests and their placement in bamboo cages
for conservation of bio-control agents.
●
Removal and destruction of diseased / pest infested plant parts.
●
Use of rope in rice crop for dislodging case worm and leaf folder larvae.
●
Use of light traps for mass trapping of white grub beetles during June to September.
●
Release eggs parasitoid, Trichogramma chilonis (local strain) @ 50000/ha after
30 DAT to control stem borer, leaf folder, casewarm, skipper and horned caterpillar.
●
Spray Beaveria bassiana @ 3 g/lit for the control of rice hispa.
●
Under irrigated conditions, seedling root dip treatment in chlorpyriphos 20 EC @
10 ml per 10 liter of water solution for 12 hours before transplanting effective
against sucking insects, hispa, case worm, leaf folder, butterfly, skipper, stem borer
and gall midge. It is also safe for the natural enemies in gall midge endemic areas.
●
Use of neem oil @ 3-4 % concentration is effective against pink stem borer and
leaf folder.
●
Chlorpyriphos 20EC, quinalphos 25EC @ 0.5 lit a.i./ha, and ethofenprox 10EC
@ 0.075 lit./acre effective against major pests.
●
Under upland condition, application of phorate 10 G @ 25 kg/ha during first
fortnight of July or application of chlorpyriphos 20 EC @ 4 lit./ha at the time of
intercultural operations in the standing crop is most effective in protecting the
crop from white grub damage.
MAIZE
Maize is the second most important crop in the region. It is primarily grown in the
jhum land and terraced areas in the NEH region. Maize and small millets are generally less
attacked by insect pests but sometimes sporadic pest attack observed. Maize cob borer or
earhead worm and the stem borer are the major pest of this crop. Termites, ear cutting
caterpillars and field crickets also infest in the early stage of crop. Incidence of pink borer,
Sesamia inferens is very low in the region. However, occurrence of Chilo partellus,
Atherigona soccata, blister beetle, white grubs and cutworms also infest the crop. The other
insects viz. bihar hairy caterpillar (BHC), Spilartia obliqua, aphids Rhaphalosiphum maidis,
leaf hoppers, white backed plant hoppers (WBPH), semiloopers, Trichoplusia orichalcia,
tussel caterpillar, grasshoppers (Crotogonus robertsoni, Oxya chinensis and Aularchis
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miliaris), army worm, Mythimna separata, Elephant beetle, Xylotrupes giddeon and termites
are of minor importance. In moisture stress area, occurrence of cutworms (Agrotis flammatra
and Agrotis segetum) was found very serious. Shoot fly, Atherigona falcata is serious
sometimes at early stage of the crop.
Management
●
Deep ploughing in the month of March- April exposes the larval and pupal stages
of insect pest like cob borer, stem borer and cutworm, to natural predators like
birds. The eggs of grasshoppers and crickets also get exposed to sunlight and get
killed.
●
Burning of stubbles and trashes that harbour borers and act as source of infestation
for the next crop.
●
Plants for fodder should be stored in chaffed or cut condition to kill burrowed
insects. The fodder should be fed to the cattle before the start of the next season.
●
Use of higher seed rate to compensate for the young infested plants that are pulled
out and destroyed. This practice is much helpful in cutworm and stem borer
prevalent area.
●
Crop should be planted early, i.e. in the month of March- April to overcome the
cob borer damage.
●
In severe cutworm attacked areas, several smooth holes should be dug all over the
effective field so that the caterpillars during night falls in it and being cannibalistic
kill each other. Heaps of green grasses may be kept at suitable places in the field
in the evening so that the caterpillars seek shelter below them. The heaps along
with the caterpillars may then be destroyed in the morning.
●
Crop rotation should be followed in disease and insect prone areas.
●
Growing sorghum varieties, IS-2312, DJ-6514 and DSV-1 can be grown as a trap
crop to escape the cob borer damage.
●
Spraying of Neembark or Limanool @ 3 ml/ lit of water at the silking stage reduce
cob borer population
●
Malathion 5% D @ 25-30 kg/ha is quite effective against major pests.
PULSES
The important pulses grown in the region are pigeon pea, cowpea, rice beans, rajamash,
bengal gram, mung bean, urd bean, lentil, fababean and lathyrus etc. Due to favarourable
climatic conditions, pulse crop are infested with number of pests throught the cropping
season.
Pest of Pigeon pea
1. Pod boring weevil, Apion clavipes
2. Blister beetle (Myllabris pustulata and M. Phalerata)
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3. Pod borers (Catechrysops cnejus, Etiella zinkenela and Helicoverpa armigera)
Pest of Field pea
1. Cut worms (Agrotis ipsilon, A. flamerata and Euxoa spinifera)
2. Pea semilooper (Plusia orichalsia)
3. Pod borers (Catechrysops cnejus and Etiella zinkenela)
4. Aphid (Acyrthosiphon pisum)
5. Leaf miner (Phytomyza atricornis)
6. Thrips (Megaleurothrips usitatus)
7. Bihar hairy caterpillar (Spilartia obliqua)
8. Stem fly (Ophiomyia phaseoli).
Management
●
Deep ploughing in summer to eliminate the resting and immature stages of pests.
●
Sanitation and keep the plant healthy
●
Proper agronomic practices should be followed
●
Early maturing varieties like ICP 7219, 7483, 7485 and 7487 are recommended
for the region, to evade infestation of weevils
●
Entomogenous fungus, Beaveria bassiana can be effectively used for the
management of adult weevils. Spray of B. bassiana @ 109spore/ml is effective in
controlling pod boring weevil within 3-4 days after treatment. Pea aphid fungus,
Erinium neoaphidis can also control aphids naturally
●
Application of entomopathogenic fungi viz. Beaveria bassiana @ 109 spore/ml
and Aspergilllus flavus controls the blister beetles from August to October
●
Neem seed kernel extract @ 5 % is recommended for controlling pod borers in
pulses
●
Imidacloprid 17.8 SL @ 0.5 ml/lit is highly effective in controlling the aphids to
the extent of 95 %
●
Application of carbofuran 3 G @ 0.5% kg a.i./ha at the time of sowing controls
the stem fly and the other sucking pests
●
Spraying with malathion 0.05 % or fenvalerate 0.01 % is effective in managing
the pea pests.
●
Application of carbofuran 3G @ 0.5% kg a.i./ha as soil incorporation reduce the
pests at vegetative stage

OILSEEDS
Pest of Soybean
1. Leaf folder: Nacoleia vulgalis, N. diemenalis
2. Stemfly: Melanoagromyza sojae
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Pest of Groundnut
1. Red hairy caterpillar: Amasacta moorei, A. albistriga,
2. Tobacco caterpillar: Spodoptera litura
3. Bihar Hairy caterpillar: Spilartia obliqua,
4. Leaf miner: Aproaerema modicella
5. Blister beetles: Mylabris pustulata, M. phalareta,
6. White grubs: Holotrichia consanguinea, H. serrata and termites
Pest of Rapeseed and Mustard:
1. Saw fly (Athalia lugens proxima), flea beetle (Phyllotruta cruciferae),
2. Dimond back moth (Plutella xyllostella),
3. Pod borer (Crocidolomia binotalis),
4. Cabbage butterfly (Pieris brassicae),
5. Aphids (Liphaphis erysimi, Brevicorne brassicae and Myzus persicae)
Management
●
Deep ploughing and collection of white grub during first showers of monsoon in
June -July.
●
Intercropping of Soybean with either Maize or Rice is recommended to manage
the insect pest of soybean and enhance natural enemy population.
●
Early sown mustard crop (mid October-November) escapes the aphid incidence
and early sowing of sesamum in the second fortnight of June escape shoot Webber
and gall midge infestation.
●
Treatment of soybean and groundnut seed with Imidacloprid @ 7 ml/kg seed
followed by two sprays of Fipronil @ 0.4 kg a.i./ha each at 15 days interval after
45 DAS are effective against leaf folder, semilooper and stem fly.

VEGETABLES AND SPICES
Agro-climatic conditions are quite conducive for vegetable cultivation and more than
20 vegetables belonging to cruciferous (cole crops), solanaceous, cucurbitaceous, leguminous,
tuber crops and leafy vegetables are grown in the region. Vegetables like cabbage, cauliflower,
radish, brinjal, tomato, okra, chilies, pumpkin, bottelgourd, cucumber, radish, carrot, spinach,
beans and cowpea are commonly grown in jhum and low land.
CRUCIFEROUS CROPS
Cole crops are extensively grown throughout the year except for few winter months.
Cole crops viz., cabbage, cauliflower, radish, knol-khol and gobhi sarson are attacked by a
large number of insect pests like cabbage butterfly (Pieris brassicae, P. candida and P.
napae), aphids (Brevicoryne brassicae and Lipaphis erysimi), diamond back moth (Plutella
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xylostella), cabbage head borer (Hellula undalis), semilooper (Plusia orichalcea), cabbage
semilooper (Plusia orichalcea, Trichoplusia ni), cutworm (Agrotis flammatra), flea beetle
(Phyllotreta cruciferae), painted bug (Bagrada cruciferarum), leaf webber (Crosidolomia
binotalis), cut worm (Agrotis ipsilon) and saw fly (Athalia lugens proxima). Among these,
cabbage butterfly and aphids are the most important pests.
Management
●
Hand picking and destruction of Pieris brassicae eggs and larvae reduce the pest
multiplication.
●
Apanteles glomeratus a larval endoparasite and Pteromalus puparum a pupal
endoparasite of Pieris brassicae are active under natural condition and effectively
control the cabbage butterfly.
●
Spraying with Dipel @ 0.2% at 15 days interval after 22-25 DAT of crop controls
cabbage butterfly larvae effectively.
●
Spraying with spinosad @ 0.02% at 25 days interval after 22-25 DAT of crop
controls cabbage butterfly larvae effectively.
SOLANACEOUS CROPS
BRINJAL
Insect pests are the major constrains in the production of brinjal throughout the region
and pests responsible for quality and quantity deterioration, are the fruit and shoot borer
(Leucinodes orbonalis), jassid (Amrasca biguttulla biguttula), aphids (Aphis gossypii), white
spotted flea beetle (Monolepta signat and Chaetocnema basalis), leaf miner (Phytomyza
atricornis) and white fly (Bemisia tabaci). Infestation of these pests starts one week after
transplanting. The population of jassids is generally high in the second week of August.
Flea beetle activity is higher during first week of August to second week of November
while.
Management
●
Regular clipping and burning of withered dead shoots, leaves and plant residues
reduce further incidence of EFSB, stem borer and mites.
●
Use of lucilure sex pheromone @ 100 traps/ha at 20-25 DAT and replacing the
lure at monthly interval till the harvest of the crop, effectively controls the shoot
and fruit borer.
●
Application of Thuricide dust @ (3 x 106 spore/gm) or one spraying of
entomopathogenic fungus, Verticillium lecanii Zimm. @ 48 x 106 spores/ml controls
Epilachna beetle.
●
Two sprays at fifteen days interval with deltamethrin @10-15g/ha 0.15% starting
at the onset of the fruits controls fruit and shoot borer effectively.
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TOMATO
Cultivation of this crop is very limited and high rainfall does not permit its successful
cultivation due to high incidence of pest and diseases. This crop is infested by fruit borer
(Helicoverpa armigera), aphid (Myzus persicae), cutworm (Agrotis ipsilon), jassids (Amrasca
bigutulla bigutulla) and white fly (Bemisia tabaci), of which fruit borer is major pest
causing severe damage to the fruits thereby resulting in low yield.
Management
●
Use of NPV @ 250LE/ha is found highly effective against H. armigera.
●
Spraying with deltamethrin (0.003%) after fruit setting reduces fruit borer
incidence.
●
Aphids and jassids can be managed by spraying with monocrotophos @ 0.05% at
vegetative stage.
MALVACEOUS
OKRA
This crop is grown widely in the jhum as well as in low-lying areas of the region.
Mostly indigenous tall varieties with fruits having prominent ridges are grown. Major
insect pests of the crop are fruit and shoot borer (Earias vitella and Earias insulana). The
blister beetle (Mylabris pustulata) and oil beetle (Epicauta spp.) are found to damage okra
severely and cause more than 40 per cent losses. Other pests infesting this crop are jassids
(Amrasca biguttula bigittula), semi looper (Anomis flava), (Aconitia graselli), leaf roller
(Sylepta derogata), bihar hairy caterpillar (Diacrisia oblique) and fruit bugs (Dysdercus
cingulatus and Oxycaraenus hyalipennis).
Management
●
Clipping and destruction of infested branches, shoots and fruits check the shoot
and fruit borer.
●
Spraying with imidaclorprid (0.04%) on the onset of fruiting reduces the fruit
borer and jassids. It is safe to harvest fruits after 10-15 days after insecticide
spray.
SPICES
The NEH region is potential area for spices cultivation; nevertheless, ginger and
turmeric are the most widely cultivated across the hill slopes and valley of this part of India;
whereas large cardamom is confined to Sikkim and Arunachal Pradesh only.
Ginger and Turmeric
Stem borer (Dichochrosis punctiferalis) and shoot boring weevil (Prodioctes
haematicus) are important insect pests of ginger and cause damage upto 35%. P. haematicus
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damage occurs, after the stem borer damage in August. Rhizome borer (Libnotes punctipennis
) is a major pest of turmeric. Ginger rhizome maggots are a minor pest of ginger. Other
insect pests viz., leaf feeders, chrysomelid beetles, thrips, skipper and lacewing bugs are of
minor status.
Management
●
Before taking up sowing of ginger, clean the plots by removing all the alternate
hosts like Curcuma zedoaria and Amomum sp.
●
Collect all the emerged adult beetles which are found congregating and feeding
on the alternate hosts and destroy.
●
In the infested field collection of dead hearts and destruction of the same will help
in reduction of the pest.
●
Burning of the thrash and ploughing of the fields just after harvesting kills most of
the hibernating pupae and adults.
INSECT-PESTS OF FRUIT CROPS
MANGO
The vast diversity of agro-ecosystem in which mango is grown subjects it to the
attack of more than 200 species of insect pests and 70 diseases causing 20-60% losses.
Major insect pests
(i) Leaf hoppers (Idioscopus clypealis, I. nitidus and Amritodus atkinsoni)
(ii) Mealy bugs (Drosicha mangiferae)
(iii) Inflorescence midge (Erosomyia indica)
(iv) Fruit fly (Bactrocera dorsalis, B zonata and B diversa)
(v) Leaf webber (Orthaga euadrusalis)
(vi) Stone weevil (Sternochetus mangiferae)
(vii) Stem borer (Batocera rufomaculata)
(viii) Shoot gall psylla (Apsylla cistellata)
(ix) Scale insects (Chloropulvinavia polygonata)
Management
(i)
Deep ploughing in Nov-Dec to expose of fruit fly, midge, leaf hopper and eggs
of mealy bug
(ii) In old orchards, prune some of the branches during winter to have better light
interception which stop hopper multiplication. Removal of dried twigs and
shoot webs periodically reduce the impact of shoot Webbers, red ants and fruit
boring insects.
(iii) Application of chloropyriphos solution and Bordeaux paste to the trunks upto
5-6 ft height periodically arrests the build up of termites on the trunk and root
regions. It also controls the hoppers harboring in the tree trunks.
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(iv)

Polythene banding of tree trunk in Dec-Jan and application of NSKE (5%) and
Beauveria bassiana 3 g/l in Jan for the control of mealy bugs
(v) Trunk borer grubs inside the stems should be removed with iron hooks. It also
can be managed by inserting cotton wool soaked in kerosene or dichlorvos in
the holes located and sealing the holes with mud.
(vi) Spraying of imidaclorprid (0.5 ml/l) during April for the control of hoppers
and mealy bugs.
(vii) Fixing of wooden block- methyl eugenol + malathion (0.1%) trap to control
fruit flies from April to Aug.
(viii) Collection and destruction of fallen fruits and left over nuts in the gardens
reduce nut weevil incidence in the subsequent season.
Natural enemies of mango pests
Mealy bug – Menochilus sexmaculatus, Chrysopid, Beauveria bassiana
Leaf hopper - Menochilus sexmaculatus, Chrysopid, Metarrhizium anisoplae
Leaf webber – Aspergillus flavus, Beauveria bassiana
Shoot borer – Bracon greeni
Gall midge- Tetrastichus sp, Platygaster spp
APPLE
122 insect species and 96 diseases have been reported to infest apple crop causing
40-50% losses
Insect pests
(i)
San jose scale Quadraspidiotus pernicious
(ii) Wooly aphid Eriosoma lanigerum
(iii) Blossom thrips Frankliniella dampfi, Thrips flavus, T florum
(iv) Apple root borer Dorysthenes hugelli
(v) Shoot and stem borer Apriona cinerea
(vi) Codling moth Cydia pomonella
Natural enemies
San jose scale – Endoparasites Encarsia perniciosus
Wooly aphid – Aphilinus mali, Lady bird beetle, syrphid
European red spider mite- Chrysoperla carnea
Codling moth – Trichogramma minutum
Management
(i)
Plant insect free healthy planting material.
(ii) In nursery, apply carbofuran granules @ 0.75-1 g ai.i./plant against San jose
scale.
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(iii)
(iv)

Treat the planting material with chlorpyriphos 0.05% against wooly aphid.
Pruning of San jose scale infested plant parts followed by burning reduce the
impact of this pest.
(v) Release Encarsia perniciosi and predatory coccinellid beetle against San jose
scale and Aphelinus mali against wooly aphid. Release Trichogramma against
codling moth.
(vi) Spray with methyl demeton (0.025%) or dimethoate (0.05%) during March to
June is found effective against wooly aphid and san jose scale.
(vii) Treating the tree basin with phorate granules @ 100 g/tree reduce the infestation
of borers.
BANANA PESTS
(i)
Rhizome weevil Cosmopolites sordidus
(ii) Pseudostem borer Odoiporus longicollis
(iii) Aphids Pentalonia nigronervosa
(iv) Flea beetle Nodostoma subcastatum
Management
(i)
Use of healthy suckers
(ii) Use virus free planting material/ suckers
(iii) Clean cultivation
(iv) Dipping of suckers in 0.1% quinalphos before planting and adding 100 g
chlorpyrophos dust/pit for the control of rhizome weevil and pseudostem weevil.
(v) Apply carbofuran 3.33 g/plat in the soil
(vi) Aphids – spray dimethoate (0.03%) or phosphamidon (0.05%)
CITRUS PESTS
Insect pests- 250 species
(i)
Citrus psylla –Diaphorina citri –greening disease
(ii) Leaf miner – Phyllocnistis citrella
(iii) White flies – Dialeurodes citri and Black flies Aleurocanthus woglumi
(iv) Lemon butterflies –Papilio demoleus
(v) Scales
a. Red scale
- Aonidiella aurantii
b. Brown scale - Chrysomphalus aonidium
c. Green scale - Coccus viridis
(vi) Mealy bugs – Planococcus citri, P. pacificus , Icerya purchasi
(vii) Trunk borer –Anoplophora versteegi
(viii) Aphids –Toxoptera aurantii, T. citricidus- vector of Tristeza virus
Aphis craccivora, Myzus persicae
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(ix)

Mites- Eutetranychus orientalis

Management
(i)
Maintenance of orchards through regular intercultural operations, addition of
neem cake and other organics.
(ii) Cutting of dried/ infested twigs and destroying / burning them.
(iii) The lines like Assam lemon, Satkara, Pummello and Karna khatta are resistant
to leaf miner and mealy bug.
(iv) During new flush (Feb-March) citrus is infested with leaf miner, psyllids and
citrus butterfly - apply NSKE 5% or imidaclorprid 0.5 ml/l.
(v) Place yellow sticky traps for aphids, thrips and leaf miner.
(vi) Collection and destruction of adult during April to August, by shaking the trees
results in satisfactory control of trunk borer.
(vii) At flowering and fruit formation stage - for thrips, mites- spray phosalone
0.05 %.
(viii) Fruit sucking moths should be managed by maintaining bait traps (molassess
dichlorvos/malathion) and light traps.
(ix) The attack of fruit sucking moths can be arrested by creating mechanical barrier
– individual fruits are covered with palmira leaf baskets.
(x) Fallen fruits should be collected regularly and buried deep to control fruit fly.
(xi) Copper oxychloride paste applied to the trunk prevents the attack of termites
and bark eating caterpillars. Pasting of bordeux mixture with 2 g of carbaryl
(50 WP) from ground level to up to 1 m of the trunk during winter gives good
control of trunk borer.
(xii) Injecting 5ml of dichlorvos (0.05%) per hole by syringe and sealing with mud
kills larvae of trunk borer and orange shoot borere.
(xiii) Male annihilation technique using bait traps @ 25/ha starting 60 days before
the fruit harvest, containing methyl eugenol (0.1%) and malathion (0.05%)
give good control of fruit fly and the solution should be changed at weekly
intervals till the fruit harvest is completed.
(xiv) Mites are effectively controlled by two sprays of dicofol (0.05%) or karathane
(0.05%) at an interval of 15 days.
GUAVA PESTS
More than 80 species of insects and mites have been recorded on guava trees affecting
the growth and yield
(i)
Fruit Flies Dacus dorsalis, D. zonata, D. diversa
(ii) Trunk borer-Aristobia testudo
(iii) Bark eating caterpillar-Indarbela quadrinotata and I. tetraonis
(iv) Green shield scale Chloropulvinaria psidii
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(v)
(vi)

Mealy bugs Ferrisia virgata, Plannococcus citri, P. lilacinus
Mites

Management
(i)
Plant healthy, disease and insect free planting material
(ii) Prune the infested / infested branches/ twigs and burn them
(iii) Use methyl eugenol pheromone traps at fruit development stage. Collect fallen
fruits and destroy them. Spray deltamethrin (0.0025%) + molassess 1% for
fruit flies.
(iv) For bark eating caterpillars, spray chloropyriphos 0.07% or carbaryl 0.1% on
tree
(v) For stem borer - Injecting monocrotophos (0.1%) @ 5 ml/ bored hole and
plugging with mud
(vi) Inundative release of the predator, Chrysoperla sp and Cryptolaemus
montrouzieri is quite successful in controlling mealy bugs.
PINEAPPLE PESTS
(i)
Mealy bugs Dysmicoccus brevipes- infested leaves change in colour from green
to red or pink and the margins reflect inwards and leaf tip starts drying. Seveare
infested plants become stunted and bear small fruits. They also transmit mealy
bug wilt disease.
(ii) Fruit eating beetle – Carpophilus dimidiatus – beetles feed inside ripen fruits
(iii) Termites Odontotermes spp.- infestation is noticed in upland conditions.
Management
(i)
Plant healthy suckers
(ii) Treat planting material in hot water at 50-60ºC for one hour and application of
Disyston at the base of plant @ 1-5 kg/ha is useful.
(iii) Healthy suckers dipped in parathion (0.05%) or fenitrothion (0.05%) for 15
minutes before planting.
(iv) Racking up soil between the rows of plants kills and exposes the egg/ nymphs
of mealy bug to natural enemies like bird and also to sun light.
(v) For termites- drench soil with chlorpyriphos 0.1%.
Conclusion
Insect pests are the major problem in agricultural crop production all over the country.
Relying on the pesticides is not desirable in the present day of global consciousness towards
health hazards and environmental safety. Moreover, north east India is the part of megabiodiversity hotspot and exceptionally rich in insect pests, and their natural enemies also,
due to wider agro climatic conditions. One of the strongest alternatives for the management
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of the insect pests would be integrated pest management with emphasis on biological control
using potential insect parasitoids and microbial pathogens
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Recent advances in Agrometeorology
Joydeep Mukherjee
Indian Agricultural Research Institute, New Delhi 110012, India

Introduction
Agrometeorology, as the name indicates, is the study of those aspects of meteorology,
which have direct relevance to agriculture. It is the branch of science, which investigates
the relationship between plants and climate. According to L. P. Smith (1970),
Agrometeorology puts the science of meteorology to the service of agriculture in its various
forms and facets to help the sensible use of land, to accelerate production of food and to
avoid irreversible abuse of land resources. In a meeting of Agrometeorologists in Moscow
(1951), a comprehensive definition of Agrometeorology was framed. According to this,
Agrometeorology is defined as “Science investigating the meteorologic, climatologic and
hydrologic conditions which are significant for agriculture owing to their interaction with
the objects and processes of agricultural production”.
Practical utility of Agrometeorology on crops and animals
Crops
●
●
●

●
●
●
●
●

●

It is helpful in regulating the plant cycle, growth, development and yield.
It is helpful in frost prediction and protection.
It is helpful in giving the warning against the forest fires and cyclic storm / dust
storm.
It is helpful in soil and water conservation.
It is helpful in planning irrigation.
Helpful in controlling the insects and plant diseases.
Helpful in controlling the pollution of air and water.
Modification of microclimate of crop fields can be made to improve the health of
the crop plants. As a result the yield of the crop increases under modified
microclimatic conditions.
It can be used to minimise the losses caused by heavy rain, floods and hailstorm.

Animals
●

It can be used to regulate the animal cycle, i.e. growth, by product and yield (milk,
eggs and meat)
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●

●

●

It can be used in designing animal houses. The houses for the animals can be
designed scientifically to save the animals from various climatic stresses such as
heat and cold waves, which affect the production.
It affects the growth of the pastures and the health of the animals depends on the
selection of the pastures. The pastures are not good in our climate but these are
very good in the cool and temperate climates.
It can be used in the prediction and prevention of animal diseases.

Agrometeorology as an interdisciplinary science
Agrometeorology is essentially an inter-disciplinary science because the atmosphere,
land and ocean constitute an integrated system. This has linkages with forestry, horticulture
and animal husbandry The agrometeorologist requires not only a sound knowledge of
meteorology but also of agronomy, plant physiology and plant and animal pathology, in
addition to common agricultural practices.
This part of science involves
●
Atmospheric science
●
Soil science
●
Plant science
●
Animal science
Atmospheric and soil science involves physical and chemical environment. Plant
science and animal science involves subjects like Pathology, Entomology, Parasitology, and
Physiology etc. As an interdisciplinary science, Agrometeorology uses four-stage approach
to deal with the subject.
●
Formulate accurate description of physical environment and biological responses.
●
Interpret biological response in terms of physical environment
●
Makes crop and weather forecasts
●
Control physical environment of crop fields and animal houses
The three basic aspects of meteorology are observation, understanding and prediction
of weather. There are many kinds of routine meteorological observations. Some of them are
made with simple instruments like the thermometer for measuring temperature or the
anemometer for recording wind speed. The observing techniques have become increasingly
complex in recent years and satellites have now made it possible to monitor the weather
globally. Countries around the world exchange the weather observations through fast
telecommunication channels. These are plotted on weather charts and analysed by
professional meteorologists at forecasting centres. Weather forecasts are then made with
the help of modern computers and super computers. Weather information and forecasts are
of vital importance to many activities like agriculture, aviation, shipping, fisheries, tourism,
defence, industrial projects, water management and disaster mitigation. Recent advences in
satellite and computer technology have lead to significant progress in meteorology. Our
knowledge of the weather is, however, still incomplete.

87

Natural Resource Management for Enhancement of Adaptation and Mitigation Potential under Changing Climate

1. Micrometeorology
Several micrometeorological methods have been developed to measure and estimate
energy and mass fluxes in the soil-plant atmosphere system. Among these, Bowen ratio
energy balance (BREB) and more recently, eddy covariance (EC) methods have been
commonly used by the scientific community to determine fluxes over different surfaces.
The flux-variance and surface renewal methods have also shown potential for estimating
energy
A. Bowen Ratio Energy Balance (BREB) Method
Profile micrometeorological measurements over vegetated surface along with energy
balance components can be used to quantify energy and mass fluxes. Bowen ratio (Bowen,
1926) energy balance (BREB), a micrometeorological technique for an indirect determination
of evaporation, uses measurements of mean air temperature and water vapor pressure at two
levels. Assuming the exchange coefficients for sensible heat and latent heat fluxes are equal,
the Bowen ratio (β) is defined:
dT
β = γ ——
de
where γ is the psychrometric constant (kPa °C-1), dT the profile air temperature
difference (°C) and de the profile water vapour pressure difference (kPa).
The latent heat, or evaporation, and sensible heat fluxes become undefined when the
Bowen ratio (β) approaches -1, which usually happens around morning and late afternoon
hours (Savage et al., 2009).
B. Eddy Covariance (EC) Method
The mean vertical gradients of fluxes are almost entirely the result of turbulent mixing
and can be defined in terms of turbulent (or eddy) components of velocities and of the
properties being transferred (Kaimal and Finnigan, 1994). The mean flux across any plane
is directly proportional to the covariance between the wind component normal to that plane
and the entity in question (Swinbank, 1951; Kaimal and Finnigan, 1994). Eddy covariance
(EC) is a direct means of measuring mean vertical turbulent fluxes above extensive surfaces
of homogeneous medium using fast response sensors (≥10 Hz) for measurement of vertical
wind speed (w) and a scalar entity of interest, and their fluctuations (Swinbank, 1951).
Thus, measurements of high frequency air temperature (T) and vertical wind speed (w)
allow determination of sensible heat flux (H) by eddy covariance:
H = ρ Cρw’T’
The primes denote fluctuation from the mean over a certain sampling period of time
(w’ = w - w, and T’ = T - T , with overbars representing component means), and the bar over
w’, T’ represents average observations over an appropriate sampling period. The sampling
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period should be long enough to capture low-frequency eddy motions that contribute to the
flux (Kaimal and Finnigan, 1994). There is no general agreement over the sampling period
for fluxes, although 30–60-min period is commonly used (Odhiambo and Savage, 2009).
Sun et al. (2006) demonstrated that sampling periods as short as 10 to 15 min may be
adequate to capture most of the low-frequency eddy motions over short canopies, whereas
over tall canopies like forests 60 min sampling periods should be used. The EC method has
been in use and constant development, especially in terms of the relevant instrumentation
and data acquisition system. However, it still requires expensive, sensitive and complex
instruments in sonic anemometry to measure the vertical component of wind speed and the
scalar of interest at high frequency.
C. Estimation of Sensible Heat Flux From Air Temperature
There is a need for simple, accurate, less expensive and robust instrumentations that
are capable of determining fluxes for routine field applications. Methods that use high
frequency air temperature measurements for determination of sensible heat flux are appealing
in this regard. A thermocouple for high frequency air temperature measurement costs about
US$100, whereas the price of a sonic anemometer, for direct measurement of fluxes, varies
between US$3,000 and $20,000 (Snyder et al., 2008).
ENERGY AND MASS EXCHANGE MODELLING OVER VEGETATION SURFACES
Vegetation-atmosphere models are often used to simulate the exchange of energy and
mass fluxes between the biosphere and atmosphere. Two approaches are used in modeling
these fluxes depending on the way they treat the canopy (Raupach and Finnigan, 1988).
One approach treats the canopy as a single-layer of vegetation overlying the soil leading to
single-layer models (e.g., Monteith, 1965) – commonly known as ‘big leaf’ models.These
models simulate the exchange of fluxes between the biosphere and atmosphere by assuming
that the canopy is analogous to an individual leaf. The other approach divides the canopy
into multiple layers, assuming the canopy density varies with height but identical conditions
prevail within each layer, yielding multi-layer models (e.g., Norman and Campbell, 1983).
These models require a greater number of parameters compared to the single-layer models,
and, in fact, they have been criticized as being over-parameterized (Raupach and Finnigan,
1988; Baldocchi and Meyers, 1998). Baldocchi and Meyers (1998), however, refute this by
demonstrating that model parameters for a multi-layer vegetation-atmosphere model are
constrained by one another and can be readily obtained through the aid of biogeochemical
and eco-physiological principles.
2. Satellite Meteorology
Latent heat flux (λE) is a terrestrial link to the atmosphere and a major contributor to
the climate system, hydrological and biogeochemical cycles (Nemani et al., 2002). It exhibits
strong heterogeneity over the land surface due to the inherent physical diversity in soil–
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canopy systems. The network of flux measurements from a few stations could neither
represent reliable regional variability nor can these be used to produce mapped estimates
and values of λE obtained through these methods are representative of the field scale only.
Flux measurements using eddy-covariance method is expensive and requires adeptness in
terms of its maintenance and operation. Use of remote sensing data consisting of spatiotemporal samplings from space-borne sensors is the only viable tool to estimate regional
latent heat flux. Its estimation on various spatial scales was demonstrated using optical and
thermal data in clear skies from different polar orbiting satellite sensors such as LANDSAT
TM/ETM+ (Zhang et al., 2006), ASTER, NOAA AVHRR (Bastiaanssen et al., 1998a; Batra
et al., 2006), MODIS TERRA (Mallick et al., 2007) and from geostationary satellite sensors
such as GOES (Anderson et al., 2007) and METEOSAT (Stisen et al., 2008). Estimation of
ΙE for cloudy days using optical and thermal data is relatively complex and leads to large
errors (Anderson et al., 2007). However, spatio-temporal gap filling of cloudy patches can
be done either through compositing from time series data (Cleugh et al., 2007) or spatial
interpolation from neighbourhood pixels (Anderson et al., 2004). Methods for satellitebased λE estimation generally use (a) single-source (Bastiaanssen et al., 1998a) and (b)
two-source (Norman et al., 1995) surface energy balance approaches. The accuracy of twosource ëE estimates is better than that of the single-source estimates (French et al., 2005;
Timmermans et al., 2007), but the former requires more ancillary data and coefficients that
have to be obtained through ground-based experimentation. Among the different energy
balance components, the estimation of sensible heat flux at a number of spatial scales is
crucial, requiring many ground-based inputs (Mallick et al., 2007). Moreover, a small error
in the estimated surface–air temperature difference may translate to large errors in the sensible
heat flux. Its estimation over large spatial extent (region or continent) may not be feasible,
therefore making the operational assessment of λE difficult (Cleugh et al.,2007) inner realtime. An alternative way is to estimate pixel by- pixel clear-sky evaporative fraction (the
ratio of latent heat flux and total surface heat flux) from two-dimensional contextual image
space to make ëE estimation independent of ground data support but based upon a strong
scientific principle. The advantages of evaporative fraction are: (a) it is an index of λE and
evapotranspiration; (b) It acts as an indicator of surface moisture stress or drought (Nishida
et al., 2003); (c) it is useful for scaling instantaneous observations to daytime period; (d) it
is computationally simple, versatile regardless of vegetation types and not dependent on
surface meteorological data such as wind speed, vapour pressure deficit, boundary layer
stability, etc. The evaporative fraction (L) based approaches by Wang et al. (2006) were
demonstrated using NOAA (National Oceanic and Atmospheric Administration) AVHRR
(Advanced Very High Resolution Radiometer) and MODIS (MODerate Resolution Imaging
Spectroradiometer) optical and thermal infrared band data in a two-dimensional space for
λE estimation. The latter technique requires time difference data, therefore, it is difficult to
use for operational purposes due to the temporal differences in the extent of cloud cover.
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3. Agro-ecological zoning
Agroecology is the application of ecological concepts and principles to the design
and management of sustainable agricultural systems. The agroecological environment of a
crop, land use or a farming system has physical, chemical and biological aspects. Viewing
the agroecosystem as a functional system of complementary relations between living
organisms and their environment that are managed by humans with the purpose of establishing
agricultural production provides a basis for integrating the overlapping ecological and
environmental traits with sociological, economic, political, and other cultural components
of agriculture. All of these may vary across space and time. Consequently, varieties and
management methods have different optima in different places. The site-season or site-year
can be considered as the basic unit of the environment. At any given site, there are aspects
that are invariant and stable, e.g. landform, soil type, etc., and aspects that vary with the
seasons, e.g. temperature, rainfall and incidence of pests and diseases. Also, the severity or
timing of aspects may fluctuate from year to year, depending on, for example, diseases,
length of the growing season, etc. These give rise to a potentially infinite number of
environments, but only part of the variation is of practical importance. Lack of recognition
of such site-specific characteristics, which can have a major influence on crop productivity
frequently led to disasters in the past. A good example is the case of groundnut cultivation in
East Africa under unsuitable conditions during the 1950s, which resulted in huge financial
losses. It is therefore important to summarize, classify and map environmental information
at different levels of generalization. The resulting classes and maps range from very broad
to very detailed AEZs. Agroecological zonation helps mainly to (i) make a quantitative
assessment of the biophysical resources upon which agriculture and forestry depend; and
(ii) identify location-specific changes necessary to increase food production, through a
comparison of farming systems and production alternatives. With AEZs, we can at least
make a good estimate of the actual potential for crop production in different areas by (i)
setting priorities for use of increased inputs that are needed to increase agricultural production,
and (ii) identifying the less favoured environments, in which rural populations are ecologically
and environmentally disadvantaged, and the priorities for their development.
4. Crop simulation modelling
Crop models, in general, integrate current knowledge from various disciplines,
including agrometeorology, soil physics, soil chemistry, crop physiology, plant breeding,
and agronomy, into a set of mathematical equations to predict growth, development and
yield. Baier (1979) provided some interesting background and terminology for what he
called ‘crop–weather models’. The paper is based on a review for a World Meteorological
Organization (WMO) expert meeting on crop–weather models, held in Ottawa, Canada in
1977. Baier (1979) distinguished between crop growth simulation models, crop–weather
analysis models, and empirical–statistical models. Crop growth models are physiologically
based, in that they calculate the causal relationships between the various plant functions
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and the environment. The opposite would be a statistical approach, using correlative relations
between all processes. Crop models can also be identified as being deterministic, in that
they make an exact calculation or prediction. In this case, the opposite would be stochastic
or probabilistic models, which provide a different answer for each calculation. Crop models
are simulation models, in that they use one or more sets of differential equations, and calculate
both rate and state variables over time, normally from planting until harvest maturity or
final harvest. Some of the earliest crop simulation models simulated only photosynthesis
and a simple carbon balance over time. Other processes, such as vegetative and reproductive
development and the plant water balance, were added at a later date (Splinter, 1974). Ritchie
(1994) identified three types of deterministic models. The first type are statistical models,
which have been used to make large-area yield predictions. To develop these models, final
yield data are correlated with the regional mean weather variables (Thompson, 1970). On
account of its many limitations, this statistical approach has slowly been replaced with the
use of simple or more complex simulation models (Abbaspour et al., 1992). Mechanistic
models include mathematical descriptions of most of the plant growth and development
processes as they are currently known in the field of plant sciences. These models have
mainly been used in research applications, and are not very practical for agricultural
applications at a farm level. Ritchie’s (1994) third category consists of the functional models.
These models include simplified equations or empirical relationships to represent the various
complex plant processes and their interactions with the environments. The ‘School of De
Wit’ (de Wit and Goudriaan, 1974) defines four different levels or facets with respect to the
evolution of plant growth models (Penning de Vries et al., 1989). In Phase 1, temperature
and solar radiation are used as inputs to simulate growth and development and to calculate
potential production. Growth in this case only includes the simulation of the plant carbon
balance. In Phase 2, precipitation and irrigation are added as an input, and the soil and plant
water balances are simulated. In Phase 3, soil nitrogen is added as an input to simulate
growth and development, the soil and plant water balance, and the soil and plant nitrogen
balance. In Phase 4, other soil minerals are added as inputs as well as pests, diseases, and
weeds. In this phase, the complete soil–plant–atmosphere system is simulated, including
interactions with most of the biotic and abiotic components. There are hardly any crop
simulation models that currently operate at Phase 4. This is mainly due to the complexity of
the soil–plant–atmosphere system. Most of the widely used crop simulation models, such as
those included in the Agricultural Production System Simulator (APSIM) (McCown et al.,
1996), the Decision Support System for Agrotechnology Transfer (DSSAT) version 3 (Tsuji
et al., 1994; Jones et al., 1998), the Simulation and Systems Analysis for Rice Production
(SARP) models (Kropff et al., 1994; Riethoven et al., 1995), and the ‘School of deWit’ crop
models (van Keulen and Seligman, 1987; Bouman et al., 1996), have only reached Level 3.
The models in these systems simulate crop growth and development as well as the soil and
plant water and nitrogen balances (van Keulen, 1982; Godwin and Singh, 1998; Probert et
al., 1998; Ritchie, 1998). A few models include one or more processes at Level 4, such as
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the model Ecosys (Grant and Heaney, 1997) and a preliminary version of CERES (Gerakis
et al., 1998); both models present a simulation of the phosphorus balance. Several models
also include the option to simulate the impact of pest and disease damage (Teng et al.,
1998), such as CROPGRO (Batchelor et al., 1993; Sridhar et al., 1998) CERES-Rice
(Pinnschmidt et al., 1995) and ORYZA (Ehlings and Rubia, 1994). When pest and disease
simulations are added to a model, additional weather variables might be needed as inputs,
such as relative humidity or dew point temperature. Modeling of the interaction between
crops and weeds has only been addressed at a limited scale (Kropff and Lotz, 1992; Kropff
and van Laar, 1993). It is expected that progress towards including the simulation of additional
processes in the current simulation models will be slow. As models become more complex
by including the simulation of more processes, the requirement to define input data for
these new processes also increases (Hunt, 1994). Although model users would like to be
able to simulate the complete soil–plant–atmosphere continuum, they normally have a very
difficult time in obtaining the input parameters required to simulate these processes (Hunt
and Boote, 1998). Computer modelers have a tendency to request input information for
their simulation models that, in many cases, is not available. The lack of adequate input data
requires that some of these model inputs have to be scaled back to the level at which input
data are available. One of the examples is the request for hourly weather data for some
models, but the existence of only daily weather data for real-world applications. Maintaining
an even balance between the level and the amount of user-supplied input data (Hoogenboom,
1998) and the complexity and details of the modelled processes, will remain a delicate
issue. It is also important to keep a balance between all the processes that are simulated by
a model, so that they contain the same amount of details (Monteith, 1996). One needs to
keep in mind that this approach might require different types of models for different
applications, depending on the complexity of the problem that is being investigated (Boote
et al., 1996). One recent advancement in model development has been the change towards
modularity. Although this concept has originated through object-oriented modeling, the
trend now seems to have changed towards developing modules that can be exchanged between
different modeling systems. The APSIM system is built on the premise that the user can
build a model, based on a selected set of modules that simulate the various plant and soil
processes. A similar approach is also being implemented in the CROPGRO model for grain
legumes (Boote et al., 1997).
5. Weather forecasting and Agroadvisories
India Meteorological Department (IMD) started weather services for farmers in the
year 1945. It was broadcast by All India Radio in the form of Farmer’s Weather Bulletin
(FWB). Subsequently, in the year 1976, IMD started Agro-Meteorological
agriculturalAdvisory Service (AAS) from its State Meteorological Centers, in collaboration
with Agriculture Departments of the respective State Governments. Though these services
are being regularly provided by IMD for the past many years, the demand of the farming
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community could not be fully met due to certain drawbacks in the system. In view of that
IMD launched Integrated Agromet Service in the country for 2007 in collaboration with
different organisations/institutes. At present bulletins are being issued from three levels as
mentioned below.
National Agromet Advisory Bulletin
The bulletin is prepared for national level agricultural-planning & management and
is being issued by National Agromet Advisory Service Centre, Agricultural Meteorology
Division, India Meteorological Department. Prime users of this bulletin are Crop Weather
Watch Group, (CWWG), Ministry of agriculture..Bulletin is also communicated to all the
related Ministries (State & Central), Organizations, NGOs for their use.
State Agromet Advisory Bulletin
This bulletin is prepared for State level agricultural planning & management. These
bulletins are issued from 22 AAS units at different State capitals. Prime user of this bulletin
is State ACWWG. This is also meant for other users like Fertilizer industry, Pesticide industry,
Irrigation Department, Seed Corporation, Transport and other organizations which provide
inputs in agriculture.
District Agromet Advisory Bulletin
This is prepared for the farmersof the districts. These bulletins are being issued from
30 AMFUs functioning at State Agricultural Universities. This contains advisories for all
the weather sensitive agricultural operations form sowing to harvest. It also includes
advisories for horticultural crops and livestock.. These weather based advisories are
disseminated to the farmers through mass media dissemination, Internet etc as well as through
district level intermediaries. The advisories will be communicated through multi-channel
dissemination system.
Weather/climate information
- Summary of preceding week,
- Climatic normal for the week, Weather
- Medium Range Weather forecast
Crop information
- Type, state and phenological stages of the crops
- Information on pest and disease and
- Information on crop stresses
Advisory for weather wise farm management
- Crop-wise farm management information tailored to weather sensitive agricultural
practices like sowing, irrigation scheduling, p & d control operation, fertilizer use
etc.
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- Spraying condition for insect, weed and their products
- Livestock management information for housing, health and nutrition etc.
Future Scope
Because of the economic importance, there is a need to expand the sphere of
agrometeorological knowledge. This can be done by conducting green house experiments.
Bioclimatic models can be developed by conducting experiments under controlled conditions.
The Agrometeorological research can be strengthened in the following areas.
✔ Identification of droughts and their ecological importance in agricultural
production.
✔ Index of water balance can be computed for the crop production potentials.
✔ Study of the soils under different microclimatic conditions.
✔ Study of the agroclimatic classification, which is important for the selection of
high yield varieties.
✔ Study of the crops under different climatic conditions.
✔ Research on livestock under various agroclimatic conditions.
✔ Research is needed for developing agroclimatic models and dynamic simulation
models for different crops to predict agricultural production before the harvesting
of the crop.
✔ Research is also needed on the climate change in the context of global warming
which is one of the burning topics. The scientists of the world are concerned about
the concentration of the green house gases. Therefore, attention is being focused
on the global warming. It has been estimated that temperature has increased by
0.4°C over the past 100 years. The temperature change is likely to affect the rainfall
pattern over the globe. The change in climate is likely to affect the crop yield
adversely to different magnitude in the coming years. In the future, new varieties
have to be evolved to grow successfully under changed climate.
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Lysimetry in water balance and leaching studies
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The terminology ‘Lysimeter’ is of Greek origin. ‘Lysis’ means dissolution or movement
and ‘metron’ means measurement. This means Lysimeter is an instrument used to measure
the movement of fluid. It is in fact a multifaceted instrument used for variety of investigations
particularly in the study of water balance and of percolation of water beneath the root zone.
While studying the water balance, it is obvious that the different component of basic water
balance equation can be studied in this instrument. The evaporative fraction of water balance
is precisely measured through precision Lysimeter and hence widely used in the study of
crop evapo-transpiration. Apart from these, Lysimeter has application in agricultural
management, meteorology, applied geo-chemistry, environmental pollution, environmental
radioactivity, forest ecology and management, hydrology, soil and tillage research, soil
biology, biochemistry of waste management and water quality management.
A list of broad application of Lysimeter is drawn from available reviews:
1. Drought and irrigation on the fate of nitrogen
2. Toxicity test
3. Transport of organic compounds in macroscopic soil
4. Surface impoundment of landfills
5. Weighing Lysimetry
6. Water use by intensive agri-silviculture
7. Monitoring fertilizer losses due to drainage
8. Rainfall and interception and canopy storage
9. Interception losses in the forest
10. Snowpack dynamics
11. Tracer release in melting snow
12. Nitrate leaching
13. Mineral fertilizer use efficiency
14. Nutrient leaching from different soil type
15. Dissolved organic carbon investigation
16. Environmental fate and behaviour of agro-chemical
17. Herbicide transport
18. Transport of Benazoline and bromide
19. Soil carbon efflux
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20. Solute transport
21. Fluvic acid and humic acid in degraded lands
22. CO2 release in peat soil
23. Diffuse pollution of water resources
24. Water dynamics
25. Anion-cation leaching
26. Behaviour heavy metal in flood plain site
27. Nitrogen-Use-Efficiency
28. Performance of different genotype in the field
29. Surface sealing on hydrology and pesticide loss
30. Evapotranspiration in different agroclimatic region
31. Groundwater seepage
32. Modelling of water balance
33. Nutrient transport from agricultural system
34. Phosphorus in soil leaching and transfer
35. Salinity impact and bio-drainage
36. Leaching and reclamation studies
37. Nitrous oxide emission
(Meibner et al. 2010)
These are various fields of studies, where Lysimeter of various types and sizes were
used. Lysimeters are basically of two types- weighing type lysimeter and non-weighing
type lysimeter. Non-weighing types are generally drainage type lysimeters where only
drainage water collection is the main objective. Weighing type lysimeter weighs the change
in the storage water volume thereby determines the different losses through partitioning.
Typical gravitation or weighing type lysimeters are extensively used in Europe. Recent
development of various sensor technologies particularly, moisture sensors, suction collectors,
etc. along with the data logger, Lysimeter technique has got renewed importance in research
arena. Generally, gravitational lysimeter in Europe has 1 m2 surface area and total depth of
2 m. About 15 cm thick filter layer is placed below the lysimeter to avoid upward fluxes of
groundwater. Presently, lysimeters are equipped with precision load cell, TDR probes,
Tensiometer and vacuum controlled suction apparatus to collect gravitational water under
pre-determined suction.
In-situ monitoring of water, its dynamics and solute flux is very challenging task. The
basic characteristics regarding the controlling factors are also very complex in nature. Further,
the question of sustainability, environmental degradation, leachate in relation to the soil
types and genesis are not always quantitative. Exact quantification of soil water flow is
however necessary to predict solute transfer within the unsaturated zone where saturated
hydraulic conductivity does not have any role. Different methods are exiting for indirect
measurement of the solute transfer including the mathematical and analytical models
developed for both saturated and unsaturated zones.
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Both direct and indirect methods are recommended by Gee et al. 2002. The simplest
form of indirect estimation of drainage is the use of basic water balance equation, which can
be written as:
P + I = ΔS + D + RO
Where P= Precipitation
I = Irrigation
ET= Evapotranspiration
ΔS = Change of storage
D = Drainage water
RO = Run off or Run on
In absence of irrigation and runoff and for periods when storage change is negligible
drainage is typically determined as the difference between precipitation and ET. Here ET is
estimated from the meteorological parameters.
Meteorological parameters are generally available for most of the location with the
network of the Automatic Weather Stations (AWS) under IMD, Govt. of India. Therefore
water balance-ET estimation method has been widely used. In humid region the evaporative
demand is less than the precipitation and can be obtained better accuracy. In arid region, the
accuracy is many time less.
Another widespread indirect method is measurement of specific soil characteristics
and calculating water flux rate using
data from Tensiometer, Time domain
Reflectometry (TDR) or Heat Pulse
Probe (Gee et al. 2002).
The most important direct
measurement is by any buried
equipment which can collect drainage
water – can be termed as drainage
lysimeter. A wide range of lysimeter
with simple water collector have been
used ranging from small free-draining
pan type lysimeter, wick sampler or
tension controlled lysimeter (Meibner
Fig 1. Schematic diagram of a weighing type
et al., 2000; Gee et al., 2009;
lysimeter (Meissner and Seyfarth, 2004)
Aboukhaled et al. 1982; Meibner et al.,
2008). Only lysimeters are capable of
direct measurement of drainage water or the water percolating through soil profile. If the
lysimeter is weighable they give the evapo-transpiration also. A large lysimeter is suitable
for obtaining accurate data on quantity and quality of drainage water.
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Installation of Lysimeter
Installation of large lysimeter is a great challenge. Installing the lysimeter by
excavating the soil may perhaps be the easiest option but it disturbs the soil physical
properties. Disturbed soil samples in lysimeter do not give the exact information because of
the change of soil porosity, compactness and profile orientation. Further, disturbed soil
sample, even if the profile orientation is maintained, takes long time to settle down to have
the original soil compactness. Hence, insertion of monolithic soil sample into the lysimeter
or insertion of lysimeter into the soil and separating it from the parent profile later on is the
new technique in the lysimetry. The newly developed cutting tools made it possible to cut
monolithic soil sample for the lysimeter. The soil monolith is not damaged during the cutting
process. The extraction of soil in minimally affected since due to reducing coat friction the
force required to cut the monolith is small. This technique can be used for different soil
type (Meibner et al. 2007). After insertion of the soil monolith, the probes viz. TDR based
moisture probe, tensiometers, vacuum based drainage water collector, temperature probe
etc. are installed at different depths to represent the suitable root zone of the particular crop.
All the probes then connected to data logger for continuous collection of the different
information of relevant parameters. An AWS should also be installed in the lysimeter site
for collection of all the weather parameters to estimate the reference ET based on suitable
model, which is generally FAO recommended Penman-Montieth model (FAO Irrigation
and Drainage Paper No. 56, 1992).

Fig. 2. Cutting tool for lysimeter

Fig. 3. Installation of different probes at suitable depth

(Meissner and Seyfarth, 2004)

(UMS-GmBH Lysimeter Manual)

Weighing Precision
In water balance studies, lysimeters are measuring the quantity of rainfall, actual
evapo-transpiration and drainage. High precision lysimeter can also be capable of measuring
the precipitation from dew and fog. Present lysimeters are generally high precision due to
invent of different kind of probes, high temporal resolution is also possible which can be
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helpful to modelling hydrologic process. The UMS-GmBH Lysimeter installed in College
of Post-Graduate Studies, Central Agricultural University, Umiam, Meghalaya can give a
temporal resolution of 15 minutes which will definitely help to study the exact movement of
solute on hourly and daily basis.
In case of water balance studies in crops, Lysimeter should replicate the actual field
conditions where the crop is grown. The evaporation from the soil and the transpiration
from the crop canopy should represent exactly that is occurring in the field. Therefore, the
cultural management practices including water management should be similar in the both
lysimeter and the filed. Management but not the physical process is at the control of
researchers. Therefore, a reference Tensiometer is also installed in the field which will
control the suction in the lysimeter i.e. the vacuum pump will take the reference suction
from the field Tensiometer to create equivalent suction to the vacuum pump so that the soil
moisture status at any given time will remain same in the field and the lysimeter.
Conclusion
Frequently it is questioned on the reliability of lysimeter research to represent a larger
area since lysimteric study is generally done only at 1 m2 or more or less. Soil heterogeneity
obviously has a role in such type of scepticism. Due to the soil heterogeneity or spatial
variation of the soil properties single lysimeter information cannot be generalised. However,
present day lysimeter can represent true physical conditions as of the field due to the use of
monolithic soil column or undisturbed soil column. The high precision probes also help in
generating highly reliable data. However, in-situ study for indirect estimation can help in
extrapolating the lysimetric information to larger area. Lysimeter study reinforced with insitu study helps in the development of models for predicting the water movement based on
soil physical properties and evapo-transpiration based on plant canopy or leaf area index.
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Photosynthesis is cornerstone of Agriculture production. Photosynthesis systems are
electronic scientific instruments designed for non-destructive measurement of photosynthetic
rates in the field. Photosynthesis systems are commonly used in agronomic and environmental
research, as well as studies of the global carbon cycle.
Infra-red gas analysis (IRGA), is one such system commonly measures parts-permillion fluxes of CO2 in an airstream moving through a transparent chamber enclosing a
leaf. In addition to permitting the investigator to quickly assay small CO2 fluxes, this technique
avoids the logistic problems associated with radioactive substances and can be employed in
the field.

Photosynthesis is commonly measured by infra-red gas analysis, which allows the measurement
of parts- per-million fluxes of CO2 in an airstream moving through a transparent chamber
enclosing a leaf.
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How photosynthesis systems function
Photosynthesis systems function by measuring gas exchange of leaves. Atmospheric
carbon dioxide is taken up by leaves in the process of photosynthesis, where CO2 is used to
generate sugars in a molecular pathway known as the Calvin cycle. This draw-down of CO2
induces more atmospheric CO2 to diffuse through stomata into the air spaces of the leaf.
While stoma are open, water vapor can easily diffuse out of plant tissues, a process known
as transpiration. It is this exchange of CO2 and water vapor that is measured as a proxy of
photosynthetic rate.
The basic components of a photosynthetic system are the leaf chamber, infrared gas
analyzer (IRGA), batteries and a console with keyboard, display and memory. Modern ‘open
system’ photosynthesis systems also incorporate miniature disposable compressed gas
cylinder and gas supply pipes. This is because external air has natural fluctuations in CO2
and water vapor content, which can introduce measurement noise. Modern ‘open system’
photosynthesis systems remove the CO2 and water vapour by passage over soda lime and
Drierite, then add CO2 at a controlled rate to give a stable CO2 concentration. Some systems
are also equipped with temperature control and a removable light unit, so the effect of these
environmental variables can also be measured.
The leaf to be analysed is placed in the leaf chamber. The CO2concentrations is
measured by the infrared gas analyzer. The IRGA shines infrared light through a gas sample
onto a detector. CO2 in the sample absorbs energy, so the reduction in the level of energy
that reaches the detector indicates the CO2 concentration. Modern IRGAs take account of
the fact that H2O absorbs energy at similar wavelengths as CO2. Modern IRGAs may either
dry the gas sample to a constant water content or incorporate both a CO2 and a water vapour
IRGA to assess the difference in CO2 and water vapour concentrations in air between the
chamber entrance and outlet.
The Liquid Crystal Display on the console displays measured and calculated data.
The console may have a PC card slot. The stored data can be viewed on the LCD display, or
sent to a PC. Some photosynthesis systems allow communication over the internet using
standard internet communication protocols.
Modern photosynthetic systems may also be designed to measure leaf temperature,
chamber air temperature, PAR (photosynthetically active radiation), and atmospheric
pressure. These systems may calculate water use efficiency (A/E), stomatal conductance
(gs), intrinsic water use efficiency (A/gs), and sub-stomatal CO2 concentration (Ci). Chamber
and leaf temperatures are measured with a thermistor sensor. Some systems are also designed
to control environmental conditions.
In addition to permitting the investigator to quickly assay small CO2 fluxes, this
technique avoids the logistic problems associated with radioactive substances and can be
employed in the field
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A.
B.
C.
D.
E.
F.
G.
H.

Electrical and gas analysis connectors (for leaf cuvette)
User Interface
Rechargeable 12V NiMH battery pack
CO2 regulator and cartridge holder
CO2 cartride (8g)
Conditioning desiccants for CO2 and H2O control
Water vapor equilibrator
Auto-zero desiccants

Principle of Infra-red gas analysis
Ø Heteroatomic gases absorb radiation in specific wavebands. CO2 strongly absorbs
in the intermediate infra-red wavebands. Infra-red gas analyzers measure the
reduction in transmission of infra-red wavebands caused by the presence of a gas
between the radiation source and a detector. The reduction in transmission is a
function of the concentration of the gas.
Ø Dispersive infra-red analyzers employ sequentially applied monochromatic
radiation to determine the concentration of various species in complex mixtures
of gases. In contrast, photosynthesis systems employ non-dispersive analyzers
which assay the concentration of a particular species of gas.
Types of photosynthetic systems
There are two distinct types of photosynthetic system; ‘open’ or ‘closed’. This
distinction refers to whether or not the atmosphere of the leaf-enclosing chamber is renewed
during the measurement.
In an ‘open system’, air is continuously passed through the leaf chamber to maintain
CO2 in the leaf chamber at a steady concentration. The leaf to be analysed is placed in the
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leaf chamber. The main console supplies the chamber with air at a known rate with a known
concentration of CO2 and H2O. The air is directed over the leaf, then the CO2 and H2O
concentration of air leaving the chamber is determined. The outgoing air will have a lower
CO2 concentration and a higher H2O concentration than the air entering the chamber. The
rate of CO2 uptake is used to assess the rate of photosynthetic carbon assimilation, while the
rate of water loss is used to assess the rate of transpiration. Since CO2 intake and H2O
release both occur through the stomata, high rates of CO2 uptake are expected to coincide
with high rates of transpiration. High rates of CO2 uptake and H2O loss indicates high stomatal
conductance. Because the atmosphere is renewed, ‘open’ systems are not seriously affected
by outward gas leakage and adsorption or absorption by the materials of the system.
In contrast, in a ‘closed system’, the same atmosphere is continuously measured over
a period of time to establish rates of change in the parameters. The CO2 concentration in the
chamber is decreased, while the H2O concentration increases. This is less tolerant to leakage
and material ad/absorption.
Open systems (also called differential systems) measure the concentration of CO2 in
the airstream passed over a leaf relative to air which has not been exposed to the leaf. Open
systems are configured to allow air from a single source to enter both the analysis and
reference lines. After passing through the leaf chamber, the analysis air is pumped to the
IRGA, while the reference air is pumped directly from the source to the IRGA.
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Absolute concentrations of CO2 in the analysis and reference lines are determined by
comparison with air in an internal loop in which CO2 has been chemically removed. Air
may come from a pressurized tank or from the atmosphere so long as the CO2 concentration
is stable. Either configuration can be used to obtain acceptable photosynthetic measurements,
but the circumstances where each should be used are dictated by differences in portability,
speed of measurement, accuracy, and level of environmental control in the leaf chamber.

Photosynthesis systems may be configured in either an open or closed fashion

¶

¶

❑ Open systems (also called differential
systems) measure the concentration of CO2
in the airstream passed over a leaf relative
to air which has not been exposed to the leaf.

❑ A closed gas-exchange system is operated
with two closed gas flow loops. A reference
cell is placed in series with a chemical CO2
scrubber to maintain a zero CO 2
concentration in the reference loop.

❑ Open systems are configured to allow air
from a single source to enter both the
analysis and reference lines. After passing
through the leaf chamber, the analysis air is
pumped to the IRGA, while the reference
air is pumped directly from the source to the
IRGA

❑ The sample cell is in a closed loop which
includes the leaf chamber and a desiccant
circuit through which all of a portion of the
leaf chamber air sample may be passed. This
diversion through a desiccant allows some
control over the humidity in the closed
chamber, which continues to increase as the
plant transpires.

❑ Absolute concentrations of CO 2 in the
analysis and reference lines are determined
by comparison with air in an internal loop
in which CO2 has been chemically removed.

❑ The signal from the sample cell is compared
to the zero gas reference signal to provide
an absolute measurement of CO 2
concentration.

❑ Air may come from a pressurized tank or
from the atmosphere so long as the CO2
concentration is stable

❑ In a closed IRGA system, an attached leaf is
enclosed in a chamber, sealed to avoid gas
exchange with the atmosphere, and rate at
which the CO2 concentration in the chamber
changes is monitored, typically for 10 – 20
seconds. Net 2 photosynthesis is then
calculated using this rate of change of CO
concentration.

Closed systems (depletion systems) continually circulate air through the leaf chamber and measure
the amount of CO2 taken from a fixed volume of air during the time that the leaf is closed
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Closed systems (depletion systems) continually circulate air through the leaf chamber
and measure the amount of CO2 taken from a fixed volume of air during the time that the
leaf is in closed.A closed gas-exchange system is operated with two closed gas flow loops.
A reference cell is placed in series with a chemical CO2 scrubber to maintain a zero CO2
concentration in the reference loop. The sample cell is in a closed loop which includes the
leaf chamber and a desiccant circuit through which all of a portion of the leaf chamber air
sample may be passed. This diversion through a desiccant allows some control over the
humidity in the closed chamber which continues to increase as the plant transpires. The
signal from the sample cell is compared to the zero gas reference signal to provide an absolute
measurement of CO2 concentration. In a closed IRGA system, an attached leaf is enclosed
in a chamber, sealed to avoid gas exchange with the atmosphere, and rate at which the CO2
concentration in the chamber changes is monitored, typically for 10 - 20 seconds. Net
photosynthesis is then calculated using this rate of change of CO2 concentration.
Either configuration can be used to obtain acceptable photosynthetic measurements,
but the circumstances where each should be used are dictated by differences in portability,
speed of measurement, accuracy, and level of environmental control in the leaf chamber.
Applications
Since photosynthesis, transpiration and stomatal conductance are an integral part of
basic plant physiology, estimates of these parameters can be used to investigate numerous
aspects of plant biology. The plant-scientific community has generally accepted
photosynthetic systems as reliable and accurate tools to assist research. There are numerous
peer-reviewed articles in scientific journals which have used a photosynthetic system. To
illustrate the utility and diversity of applications of photosynthetic systems, below you will
find brief descriptions of research using photosynthetic systems.
●
Plant physiologists from The University of Putra Malaysia and The University of
Edinburgh investigated the relative effects of tree age and tree size on the
physiological attributes of two broadleaf species. A photosynthetic system was
used by to measure photosynthetic rate per unit of leaf mass.
●
The effect of CO2 enrichment on the photosynthetic behavior of an endangered
medicinal herb was investigated by this team at Garhwal University, India.
Photosynthetic rate (A) was stimulated during the first 30 days, then significantly
decreased. Transpiration rate (E) decreased significantly throughout the CO2
enrichment, whereas stomatal conductance (gs) significantly reduced initially.
Overall, it was concluded that the medicinally important part of this plant showed
increased growth.
●
Plant physiologists in Beijing measured photosynthetic rate, transpiration rate and
stomatal conductance in plants which accumulate metal and those that do not
accumulate metal. Seedlings were grown in the presence of 200 or 400 ìMCdCl2.
This was used to elucidate the role of antioxidative enzyme in the adaptive responses
of metal-accumulators and non-accumulators to Cadmium stress.
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●

●

●

In a study of drought resistance and salt tolerance of a rice variety, researchers at
the National Center of Plant Gene Research and the Huazhong Agricultural
University in Wuhan, China found that a transgenic rice variety showed greater
drought resistance than a conventional variety. Over expression of the stress
response gene SNAC1 led to reduced water loss, but no significant change in
photosynthetic rate.
Researchers from Lancaster University, The University of Liverpool, and The
University of Essex, UK, measured isoprene emission rates from a oil palm tree.
Samples were collected using a photosynthetic system that controlled PAR and
leaf temperature (1000 ìmol m-2 s-1; 30 °C). It had thought that PAR and temperature
are the main controls of isoprene emission from the biosphere. This research showed
that isoprene emissions from oil palm tree are under strong circadian control.
The ecophysiological diversity and the breeding potential of wild coffee populations
in Ethiopia was evaluated as a thesis submitted to The Rheinischen FriedrichWilhelms-University of Bonn, Germany. Complementary field and garden studies
of populations native to a range of climatic conditions were examined. Plant
ecophysiological behavior was assessed by a number of system parameters,
including gas exchange, which was measured using a photosynthetic system.

Alphabetical list of system models
●
The ADC Bioscientific model LCi uses an ‘open’ system design. It is a slimmeddown photosythesis system, which can only measure the environment within the
leaf chamber, and calculate the photosynthetic activity of the leaf.
●
The CID Bio-Science model CI-340 Handheld Photosynthesis System measures,
(in an open or closed system) photosynthesis, transpiration, stomatal conductance,
PAR and internal CO2 in a single handheld instrument. The chamber is connected
directly to the CO2 / H2O differential gas analyzer, so there is virtually no delay
when measuring CO2/ H2O in the chamber. The optional environmental control
modules enable the researcher to create green house conditions in the field. The
device can simultaneously measure chlorophyll fluorescence and gas exchange
over the same leaf area, in the chamber.
●
The CMS-400 model from the Heinz Walz GmbH is a reliable photosynthesis gas
exchange with an ‘open’ system design.
●
The GFS-3000 model from the Heinz Walz GmbH is a modern highly accurate
portable photosynthesis measuring systems with an ‘open’ system design.
●
The LI-COR Biosciences models LI-6000 and LI-6200 were of the ‘closed’ system
design.
●
LI-COR Biosciences model LI-6400/LI-6400XT uses an ‘open’ system design.
This device can simultaneously measure fluorescence and gas exchange over the
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●
●

same leaf area, and it provides control over temperature, light levels, CO2
concentration, and ?H2O concentration in the chamber.
The PP Systems model CIRAS-1 used an ‘open’ system design.
The PP Systems model CIRAS-2 uses an ‘open’ system. It can control CO2, H2O,
temperature and light. It can also measure chlorophyll fluorescence.

References
Abdul-Hamid, H.; Mencuccini, M. (2008). “Age- and size-related changes in physiological characteristics and
chemical composition of Acer pseudoplatanus and Fraxinus excelsior trees”. Tree Physiology 29 (1): 27.
doi:10.1093/treephys/tpn001. PMID 19203930.
Ashish Kumar Chaturvedi *, Rajiv Kumar Vashistha, Neelam Rawat, Pratti Prasad and Mohan Chandra Nautiyal
(2009). “Effect of CO2 Enrichment on Photosynthetic Behavior of Podophyllum hexandrum Royle, an
Endangered Medicinal Herb.” Journal of American Science 5 (5): 113–118. Retrieved 2011-02-22.
Burgess, S. S. O.; Dawson, T. E. (2004). “The contribution of fog to the water relations of Sequoia sempervirens
(D. Don): foliar uptake and prevention of dehydration”. Plant, Cell and Environment 27: 1023.
doi:10.1111/j.1365-3040.2004.01207.x
Jahnke, S. (2001). “Atmospheric CO2 concentration does not directly affect leaf respiration in bean or poplar”.
Plant, Cell and Environment 24: 1139. doi:10.1046/j.0016-8025.2001.00776.x.
Long, S. P.; Farage, P. K.; Garcia, R. L. (1996). “Measurement of leaf and canopy photosynthetic CO2exchange
in the field”. Journal of Experimental Botany 47: 1629. doi:10.1093/jxb/47.11.1629.
Moutinho-Pereira, J. M.; Bacelar, E. A.; Gonçalves, B.; Ferreira, H. F.; Coutinho, J. O. F.; Correia, C. M.
(2009). “Effects of Open-Top Chambers on physiological and yield attributes of field grown grapevines”.
Acta Physiologiae Plantarum 32: 395. doi:10.1007/s11738-009-0417-x.
Rizhsky, L.; Liang, H.; Shuman, J.; Shulaev, V.; Davletova, S.; Mittler, R. (2004). “When Defense Pathways
Collide. The Response of Arabidopsis to a Combination of Drought and Heat Stress”. Plant Physiology
134 (4): 1683. doi:10.1104/pp.103.033431. PMC . PMID .
Williams, B. A.; Gurner, P. J.; Austin, R. B. (1982). “A new infra-red gas analyser and portable photosynthesis
meter”. Photosynthesis Research 3: 141doi:10.1007/BF00040712.

109

Natural Resource Management for Enhancement of Adaptation and Mitigation Potential under Changing Climate
Natural Resource Management for Enhancement of Adaptation and Mitigation Potential
under Changing Climate. 2014. Saikia US, Ramesh T, Ramkrushna GI, Krishnappa R,
Rajkhowa DJ, Venkatesh A and Ngachan SV (Eds). pp110-117. ICAR Research Complex
for NEH Region, Umiam, Meghalaya, India

Dynamics of soil carbon under different land use systems
in hilly ecosystems of northeast India
Ramesh T, US Saikia, BC Verma, R Krishnappa, Avinash Pandey,
K Rajasekar and SV Ngachan
ICAR Research Complex for NEH Region, Umroi Road, Umiam, Meghalaya, 793 103

Introduction
The terrestrial biosphere contains about 1500 Pg of C in the surface meter of soil
(Eswaran et al., 1995) and another 600 Pg of C in the vegetation (Houghton, 1995) which,
together, is three times the amount of C found in the atmosphere. In a global context, the
quantity of carbon stored in soil is second only to that in the ocean (38400 Gt) and represents
the largest store of terrestrial organic carbon, at more than four times the biotic carbon pool
(which has an estimated amount of 560 Gt of organic carbon). Carbon sequestration is the
facilitated redistribution of carbon from the air to other pools. This would reduce the rate of
atmospheric CO2 increase, thereby mitigating global warming (Tieszen, 2000). Therefore,
any change in C storage in plants or soils has significant implications for atmospheric carbon
dioxide.
The amount of carbon sequestered at a site reflects the long-term balance between
influx and efflux of carbon. Recent concerns with rising atmospheric levels of CO2 have
stimulated interest in C flow in terrestrial ecosystems and the latter’s potential for increased
soil carbon sequestration (Schlesinger, 1999). Carbon enters the soil as roots, litter, harvest
residues, and animal manure. It is stored primarily as soil organic matter (SOM). The density
(w/v) of carbon is highest near the surface, but SOM decomposes rapidly, releasing CO2 to
the atmosphere. Some carbon becomes stabilized, especially in the lower part of the profile.
However, in many areas, agricultural and other land use activities have upset the natural
balance in the soil carbon cycle, contributing to an alarming increase in carbon release
(Schlesinger and Lichter, 2001). Since the current rise in atmospheric CO2 is thought to be
mitigated in part by carbon sequestration in agricultural soils (Schlesinger and Lichter,
2001), interest has increased in the possible impacts of different land uses and various
agricultural management practices on soil organic matter dynamics (Dick et al., 1998).
Agricultural and other land use practices have a significant influence on how much
carbon can be sequestered and how long it can be stored in the soil before it is returned to
the atmosphere. The best strategies focus on the protection of soil organic carbon against
further depletion and erosion, or the replenishment of depleted carbon stocks through certain
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management techniques (Huggins et al., 1998). The keys to successful soil carbon
sequestration are increased plant growth and productivity, increased net primary production
and decreased decomposition. In the same way, conversion of marginal arable land to forestry,
agroforestry, cropland or grassland can rapidly increase soil carbon sequestration.
In northeast India, research on quantification of carbon stored in the soil and different
fractions along with greenhouse gases emission is proceeding slowly. Thus, data on soil C
pools and fractions are lacking for most of the agro-ecosystems which are commonly practiced
in northeast India. It is important that the factors influencing the carbon sequestration potential
of soil in each agroecosystems need to be taken care of since the differences in these factors
significantly influence the storage of carbon and also the distribution of carbon into different
pools and fractions in the soil. Large-scale adoptions of ecologically sound land use practices
are likely to be the most cost effective and environmentally friendly option to increase soil
carbon sequestration in northeast India.
Factors affecting SOC storage in soil
Climatic factors: Climatic factors such as rainfall, temperature, moisture and soil
aeration have an effect on the rate of soil organic matter (SOM) decomposition. SOM
decomposes more rapidly in warm and humid climate and slower in cool, dry climates. It
also decomposes faster when soil is well aerated (higher oxygen levels) and much slower on
saturated wet soils. For each 10 C decline in mean annual temperature, the total OM and N
increases by two to three times. Rainfall: There is an increase in OM with an increase in
rainfall. Under comparable conditions, the N and OM increase as the effective moisture
becomes greater.
Soil type: Soil type is one of the important factors that regulate organic carbon status
of the soil. Organic carbon content increases with clay content under desert, red, alluvial,
laterite and lateritic soil, saline and black soil, except mountain and forest soil which had
the highest organic carbon at 34.5% clay, possibly due to continuous deposition of unhumified
organic carbon in these soils. Irrespective of climatic factors, increased amounts of sand,
coarse loam, or gravelly sandy loam decrease the organic carbon content which is due to
less microbial proliferation and aggregation for carbon restoration.
Fertilizers and organic amendments: The time and rate of organic matter and
fertilizers application to soils varies according to the crop, climate, quantity and quality of
organic matter. Organic materials need to be applied during land preparation and incorporated
into the soil with adequate moisture about two to three weeks before sowing the crop.
Tillage and residue management: Zero tillage, reduced tillage, stubble mulching
and conventional ploughing are the several tillage and residues management options to
build the SOM levels irrespective of the crops and soil types.
Rotations, residues and plant nutrients: Crop rotations of cereals with legumes results
in higher soil OM. Higher OM levels, preferably where a crop rotation is followed.
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Soil texture: Soil organic matter tends to increase as the clay content increases. This
increase depends on two mechanisms. First, bonds between the surface of clay particles and
organic matter retard the decomposition process. Second, soils with higher clay content
increase the potential for aggregate formation. Macro-aggregates physically protect organic
matter molecules from further mineralization caused by microbial attack (Rice, 2002). Under
similar climate conditions, the organic matter content in fine textured (clayey) soils is two
to four times that of coarse textured (sandy) soils (Prasad and Power, 1997). Soils with
kaolinitic clay are less likely to maintain the SOM levels in the tropical environment because
the soil conditions favour the rapid decomposition of SOM. In contrary, soils with high iron
and aluminium oxides retain more SOM by the formation of organo-oxide complexes in
soil.
Topography: Organic matter accumulation is often favoured at the bottom of hills.
There are two reasons for this accumulation: conditions are wetter than at mid- or upperslope positions, and organic matter is transported to the lowest point in the landscape through
runoff and erosion. Similarly, soil organic matter levels are higher on north-facing slopes
(Northern Hemisphere) compared with south-facing slopes (Southern Hemisphere) because
temperatures are lower (Quideau, 2002).
Salinity and acidity: Salinity, toxicity and extremes in soil pH (acid or alkaline)
result in poor biomass production and, thus in reduced additions of organic matter to the
soil. In strongly acid or highly alkaline soils, the growing conditions for micro-organisms
are poor, resulting in low levels of biological oxidation of organic matter (Primavesi, 1984).
Soil acidity also influences the availability of plant nutrients and thus regulates indirectly
biomass production and the available food for soil biota. Fungi are less sensitive than bacteria
to acid soil conditions.
Soil moisture and water saturation: Increase in soil moisture levels result in larger
biomass production, which provides more residues, and thus more potential food for soil
biota. The microbial activity becomes optimum at near “field capacity”, which is equivalent
to 60-percent water-filled pore space (Linn and Doran, 1984). In contrast, flooding or water
saturation over longer periods leads to poor aeration. Most soil organisms need oxygen, and
thus a reduction of oxygen in the soil leads to a reduction of the mineralization rate as these
organisms become inactive or even die. Some of the transformation processes become
anaerobic, which can lead to damage to plant roots caused by waste products or favourable
conditions for disease-causing organisms. Continued production and slow decomposition
can lead to very large organic matter contents in soils with long periods of water saturation.
Natural vegetation: SOM accumulation rate depends mainly on the quantity and
quality of organic matter input. Under tropical conditions, applications of readily degradable
materials with low C:N ratios, such as green manure and leguminous cover crops, favour
decomposition and a short-term increase in the labile carbon pool during the growing season.
On the other hand, applications of plant materials with both large C:N ratios and lignin
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contents such as cereal straw and grasses generally favour nutrient immobilization, organic
matter accumulation and humus formation, with increased potential for improved soil
structure development. Root turnover also constitutes an important addition of humus into
the soil, and consequently it is important for carbon sequestration. In forests, most organic
matter is added as superficial litter. However, in grassland ecosystems, up to two-thirds of
organic matter is added through the decay of roots (Quideau, 2002).
Drainage: Poorly drained soils because of their high moisture content and relatively
poor aeration are much higher in OM and N than well drained soils.
Management of soil organic carbon
There are a wide range of management options and farming practices that can increase
SOC levels by either increasing inputs or decreasing losses, e.g. stubble retention. Inputs
can also be increased by direct additions of organic materials, composts, manure and other
recycled organic materials. Some of the key measures are given below.
➣ Use of cropping systems that incorporate continuous no-till, cover crops, solid
manure or other organic materials, diverse rotations with high residue crops and
perennial legumes or grass used in rotation.
➣ Reduced tillage or no tillage practices which reduces the decomposition of organic
matter in soil thus storing more SOM.
➣ Reduce erosion using appropriate conventional and improved technologies.
➣ Soil-test based fertilizer application.
➣ Use of perennial forages provides for annual die back and re-growth of perennial
grasses and their extensive root systems and aftermath contributing organic matter
to soil. Fibrous root systems of perennial grasses are particularly effective as a
binding agent in soil aggregation.
Effect of different land uses on SOC stocks and fractions
Inclusion of trees in the agroforestry systems enables synchronized release of nutrients
from decaying plant residues that matches with the requirement for nutrient uptake by the
crops. In a study, Ramesh et al. (2013) reported that soil organic carbon increased 37 percent
under Alnus nepalensis in comparison to control in northeast India. Similarly, the net carbon
accumulation was calculated from the soil CO2 efflux under five agroforestry systems in
northeast India. In a 150 days incubation experiment, Alnus nepalnesis (31 g kg-1) followed
by Michelia oblonga (24 g kg-1) recorded the highest net carbon accumulation compared to
other agroforestry systems including control. The selection of tree species could be either
for timber or for fuel and fodder. Combining trees with grasses and legumes also helped to
conserve soil and improve SOC. Seven years of continuous cropping (Gupta, 1995) under
Leucaena, Acacia nilotica, and Albizzia procera resulted in 13 to 56% increase in SOC over
the open grass.
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Figure 1. Effect of agroforestry tree species on SOC and net carbon accumulation in
northeast India (Ramesh et al., 2013)

In a recent study conducted by Justin et al. (2013) in the Himalayan region on soil
carbon dynamics under different land use and cropping systems, Oak forest recorded the
highest values of all the carbon fractions (Table 1) than the other land use and cropping
systems, while barren land showing the lowest values of all these fractions. They also found
that all these fractions were highest during the winter seasons as compared to the summer
season. In the forest soil, the annual addition of organic matter in the form of leaf litter is
high, which remains in the soil due to the absence of any disturbance. The low temperature
condition due to the high altitude, prevalent in the ecosystem may result in reduced or
slower rate of residue decomposition, which adds to higher carbon values (Haynes, 2005).
Table 1. Effect of land uses and cropping systems on organic carbon fractions in soils
of Himalayan region
Land use

TOC (g kg-1)
Depth (cm)

POC (g kg-1)
Depth (cm)

MBC (mg kg-1)
Depth (cm)

0-5

5-10

10-15

0-5

5-10

Organic
farming

30.8

26.8

24.8

694

683

666

6.7

6.3

6.3

Soybeanwheat

25.5

21.7

18.1

483

454

433

2.7

2.7

Fodder crop

34.1

28.2

24.3

624

577

598

5.5

5.2

Oak forest

45.8

432.2 41.6

923

871

848

11.0

10.4

Barren land

20.9

16.7

188

146

130

1.0

0.8

14.6

10-15 0-5

(Justin et al., 2013)
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5-10

KMnO4-C (g kg-1)
Depth (cm)
10-15 0-5

5-10

10-15

4.8

3.8

3.6

2.7

3.5

3.6

2.9

5.2

3.7

2.8

3.0

10.1 23.2

10.3

5.3

1.7

1.5

0.7

2.2
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The higher TOC contents observed in winter may also be due to the very low temperature,
nearly freezing conditions prevailing in the area continuously for four months. This low
temperature condition reduces the microbial activity in the soil and mineralization or
decomposition of organic matter, and thus the organic matter present in soil is much more
preserved when compared to the summer conditions.
Land use change is one of several anthropogenic activities causing a global increase
in the atmospheric concentration of CO2 and other GHGs (Houghton and Hacker, 1999). To
characterize the carbon exchange in ecosystems, an assessment of the magnitude and
dynamics of soil CO2 efflux is important, considering that soil respiration is a major CO2
flux in the carbon cycle, second in magnitude to gross canopy photosynthesis (Raich and
Schlesinger, 1992). The net flux of carbon between the soil and the atmosphere is determined
by the rate at which soil organic C is converted to CO2 by microorganisms and by autotrophic
respiration. Emission of CO2 due to land use change and deforestation together with that
from the soil is estimated to be between 55±30 Gt (Giga ton = 1015 g) (IPCC, 1995) and
78±17 Gt (Lal, 1999). Land use and soil management practices significantly influence soil
organic carbon (SOC) dynamics and C flux from the soil (Batjes, 1998), although the
mechanisms and processes of C sequestration in soil are not completely understood
(Bajracharya et al., 1998). In northeast India, about 15 land use systems including agroforestry

Figure 2. Effect agroforestry (a), agriculture (b) and horticulture (c) land uses on soil CO2
efflux in northeast India
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tree species, agriculture crops and horticulture fruit trees were compared with barren lands
for their impact on soil CO2 efflux under hilly ecosystems (Ramesh et al., 2013). Amongst
the three major land uses, all the agroforestry systems showed highest soil CO2 efflux followed
by horticulture and agriculture land use systems. The lowest was under barren lands. It is
clear from the figure 2 that adoption of various agroforestry tree species increased the mean
cumulative CO2 efflux on an average by 14.6 % with the lowest increases in Khasi pine
(8.8%) to the highest increase in alder field (23.2%) as compared to control. The CO2 efflux
ranged from 1.618 (control) to 1.943 g 100g-1soil (Rice). However, only, an average, 5.9%
increase in cumulative CO2 efflux was noticed in soils under agriculture crops compared to
control plot. The soil CO2 efflux from peach field was significantly higher (1.945 g 100g-1)
while Khasi mandarin field samples showed lower values (1.746 g 100g-1) as compared to
control plot (1.642 g 100g-1). It has also been reported that the changes in land use might
have modified the organic carbon transformation due to the changes in substrate quality
(Feigl et al., 1995), altered microbial community size (Cleveland et al., 2003) and/or changes
in soil porosity and water retention (Martinez and Zinck, 2004). The low values of CO2
efflux rates recorded for soils under agriculture land use overall may reflect their low total
C content due to the lower carbon input or net primary productivity, lower substrate quality,
loss of soil carbon by frequent soil erosion events and poor structure (Schwendenmann et
al., 2003).
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Soil is one of the most important natural resources on which sustainability of agriculture
depends. It is also important to maintain the entire ecosystem and is affected by different
natural and anthropogenic factors. Inherent capacity of soil to support crop or plant growth
is measured by soil quality or soil health and affected by different soil and climatic factors.
Soil organic matter (SOM) or Soil organic carbon (SOC) is the key factor of soil which
governs most of the soil properties and very important for maintaining soil quality or soil
health, future productivity, and sustainability. Soil contains a significant part of global carbon
stock hence, also important in maintaining overall quality of environment. Carbon
sequestration is an important aspect for maintaining or enhancing the soil carbon level. Soil
carbon sequestration is the process of transferring carbon dioxide from the atmosphere into
the soil through crop residues and other organic solids in a form that is not immediately
emitted. Carbon sequestration helps to off-set the emissions from fossil fuel combustion
and other carbon-emitting activities while enhancing soil quality and health along with
future productivity. Application of biochar has an important role in carbon sequestration.
Biochar is a carbon rich substance that is produced by heating of organic materials in oxygen
limiting conditions. Application of biochar to soils is a very old concept, from the primitive
technology of Amazonians known as ‘Terra-Preta’ for enhancing soil productivity
with charred biomass, biochar has emerged as a viable soil ameliorant. Biochar carbon
has been known to remain in soil for hundreds or thousands of years. In the recent years
biochar has been a topic of interest in the scientific circles because of its potential as a
source of carbon and enhancing soil quality and soil health. The nature and properties of
biochar depends upon the methods by which it was prepared, feedstock materials etc. Hence,
biochar could be a potential soil ameliorant to improve the soil quality and health.
Introduction
Agriculture is the backbone of the nation and its sustainability depends on different
natural resources, among them soil is an important resource. Soil can be simply defined as
a heterogeneous, living, natural and dynamic system that is very important or crucial to
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maintain the entire ecosystem and is governed by different physical, chemical and
biological factors. Importance of soil in terms of agriculture or crop production is mainly
judged by its inherent capacity to support the crop or plant growth and measured in terms of
its quality and health. There is very thin margin between soil quality and soil health. Broad
definition of soil quality as proposed by The Soil Science Society of America (SSSA) is
“The ability of a specific type of soil to function within natural or managed ecosystem
boundaries, to sustain plant and animal productivity, maintain or improve air quality
and water to support human health and livable” (Karlen et al., 1997). Several workers had
defined the soil quality or health in different ways. Soil quality or soil health is affected by
a number of physical, chemical and biological factors; such as soil pH, climate and
temperature, moisture, carbon content, mineral content, microbial diversity and geographical
conditions. These factors play an important role in the maintenance of soil health or quality
and thus play a vital role in plant growth. But the most basic and fundamental role is played
by soil carbon. Soil organic carbon is the most important factor in the soil ecosystem which
directly or indirectly governs almost all the aspects of the biosphere and is essential for the
growth of all living organisms. Soil organic carbon improves almost all the properties of
soil and has numerous beneficial effects on soil quality. Soil organic carbon is the principal
component of soil organic matter. Soil organic matter helps to stabilize soil particles, thus
decrease erosion. It also improves soil structure; enhances aeration and water penetration,
and increases water-holding capacity, and stores and supplies nutrients for growth of both
plants and soil micro-organisms. It is clear that soil organic carbon or matter is the central
element to soil health and quality. In the context of climate change, increasing atmospheric
CO2 is an important global issue of the 21st century. Carbon dioxide emitted from energy
sources, forest fires and the natural carbon cycle have all contributed to the production of
greenhouse gases and its effects on global warming. One of the feasible options to alleviate
the ever increasing levels of CO2 in atmosphere is long term storage of carbon in soil (Lal,
2009). Long term storage of carbon in soil or increasing the soil carbon levels is called soil
carbon sequestration. Soil carbon sequestration implies removing atmosphere carbon and
storing it in natural reservoirs for extended periods (Lal, 2011). Soil carbon sequestration is
the process of transferring carbon dioxide from the atmosphere into the soil through crop
residues and other organic solids, and in a form that is not immediately emitted. This transfer
or sequestering of carbon helps to off-set emissions from fossil fuel combustion and other
carbon-emitting activities while enhancing soil quality and long-term agronomic productivity.
In the recent years biochar has been a topic of interest in the scientific circles because of its
potential as a soil amendment and as a means of storing carbon, also improving soil health
and nutrient use efficiency, thereby increasing plant growth. It is believed that biochar can
store carbon in soil for hundreds to thousands of years and thus level of greenhouse gases
like CO2 and methane can be reduced significantly while concurrently improving soil
properties and functions (Lehmann, 2007). Biomass incorporation to soil is considered an
alternative method to reduce greenhouse gas emission instead of direct burning of them, but
in intensive cropping system little time is available for complete decomposition of biomass
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which leads to hindrance in soil preparation, crop establishment and early crop growth
(Gustafsson et al., 2009; Haefele et al., 2011). Long duration storage of carbon in soil has
been considered as an important method to control increasing level of CO2 concentration in
the atmosphere (Lal, 2009). From the Amazonians’ primitive technology called “Terra-Preta”
of enhancing soil productivity with charred biomass, biochar has emerged as a viable
technique for carbon sequestration in soil (Lehmann et al., 2006).
Biochar production and properties
Biochar is a carbon enriched substance that is produced by heating of organic materials
in oxygen limiting conditions. It is a predominantly stable, recalcitrant organic carbon
compound produced by incomplete combustion of biological materials in absence or with
limited supply of oxygen at temperature usually between 300 and 1000 °C through the
process of pyrolysis. Biochar can be produced by incomplete combustion from any biomass
and is a by-product of modern technologies for bioenergy production such as gasi?cation
and pyrolysis. Therefore, crop residues could be used to produce energy, and the biochar
by-product could serve to recycle nutrients and maintain or even improve soil fertility. The
chemical, physical, morphological and spectral properties of biochar are largely influenced
by nature of feedstock materials, charring temperature and duration. Increasing temperature
and duration decreases the biochar yield and volatile matter content but increases C, K and
P contents as well as mean residence time. It was estimated that mean residence time ranges
from hundreds to thousands of years and generally increasing with charring temperature
and duration.The pore structure, size distribution, volume, and total surface area are also
influenced by the properties of the original biomass feedstock, as well as the process
conditions (Downie et al., 2009; Keiluweit et al., 2010). The type of feedstock and pyrolysis
conditions under which the biochar is prepared affects the pH and electrical conductivity of
the biochar (Chan and Xu, 2009; Singh et al. 2010) as well as the nutrient content of biochar
(Singh et al., 2010). But the nutrient availability in biochar is associated to the type of
bonds connected with the involved element (De Luca et al., 2009; Yao et al., 2010). Hightemperature pyrolysis produces biochar that generally have high surface areas, highly
aromatic and therefore very recalcitrant to decomposition (Singh and Cowie, 2008), and are
good adsorbents (Mizuta et al., 2004; Lima and Marshall, 2005). These properties of high
temperature biochars would be very effective to remove atmospheric CO2 and sequester C
in soil for hundreds of years (Laird, 2008). High-temperature biochars are also more resistant
to chemical oxidation and microbial degradation and hence have a longer half-life in soil
environments than soil organic matter. Low-temperature pyrolysis on the other hand, favours
greater recovery of C and also of several nutrients (e.g. N, K, and S) that are increasingly
lost at higher temperatures (Keiluweit et al. 2010). Low-temperature biochars have a
predominantly amorphous C structure, with a lower aromaticity than high temperature
biochars (McBeath and Smernik, 2009; Keiluweit et al. 2010). Low-temperature biochars
will most likely also increase soil C sequestration, but they will probably more rapidly
change soil fertility characteristics when compared with using high-temperature biochars.
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Biochar and Carbon Sequestration
The global carbon cycle is made up of flows and pools of carbon in the Earth’s
system. The important pools of carbon are terrestrial, atmospheric, oceanic, and geological.
The carbon within these pools has varying lifetimes, and flows take place between them all.
Carbon in the active carbon pool moves rapidly between pools. In order to decrease carbon
in the atmosphere, it is necessary to move it into a passive pool containing stable or inert
carbon. Biochar provides a facile flow of carbon from the active pool to the passive pool
(Kwapinski et al., 2010). In biological carbon cycle, plants absorb atmospheric CO2 and
produce biological mass through photosynthesis and biomass is converted to CO2 in
respiration. Carbon dioxide is also produced by decomposition of dead plant cell and fire.
In undisturbed forest ecosystem the cycle of uptake of carbon by photosynthesis and release
by decay is balanced. This balance is disturbed when fuel and biomass are completely burnt
causing a sudden release of huge amount of C, which took thousands of years to accumulate,
in the form of CO2 and other C-compounds in the atmosphere. Biochar being a pure form of
carbon does not decompose easily and remains in the soil for thousands of years. Thus
pyrolysis of biomass can transfer 50% of the carbon stored in plant tissue from the active to
an inactive carbon pool. The remaining 50% of carbon can be used to produce energy and
fuels. After charring approximately 50% of the C in biomass is left as stable biochar residue
and another 50% is released immediately while non-burnt biomass decompose slowly over
the time but continue releasing leaving only 10-20% C in agricultural soil after 5-10 years.
This shows that by applying biochar in soil more C can be left in soil than applying noncharred biomass. In shifting cultivation instead of “slash-and-burn” the practice should be
“slash-and-char” by which a huge amount of C can be sequestered in soil. By this method,
190 – 213 Tg of carbon can be recovered from atmosphere. A significant amount of small
sized fine charcoal powder is produced while making charcoal for industrial and household
fuel purpose. This part of charcoal amounts to be 8 Tg which can be used as biochar with
many good results. Many of the agricultural and forest residues are very much suitable for
production of biochar. When renewable energy is produced from energy crop or waste biomass
by pyrolysis process biochar is produced as byproduct. Approximately, 340 Tg of carbon
can be recovered from these two systems (Lehmann et al., 2006).
Biochar: effect on soil health and crop growth
Along-with carbon sequestration, biochar is intended to improve soil properties and
functions relevant to agronomic and environmental performance mainly enhanced water
and nutrient retention as well as improved soil structure and drainage (Lehmann and Joseph,
2009; Woolf et al., 2010). Furthermore, there is experimental evidence that soil microbial
communities and their activity, which hold key roles in sustaining soil health and functioning,
are directly affected by the addition of biochar to soils (Ogawa, 1994; Rondon et al., 2007;
Warnock et al., 2007; Steiner et al., 2008). However, it is likely that changes in soil microbial
activity, community structure and functional diversity could impact on crop productivity
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(Jeffery et al. 2011). Biochar application for environmental management can be motivated
for soil improvement, waste management, energy production and climate change mitigation.
Biochar can be used as a soil amendment to improve soil quality, to increase soil pH and
CEC, improve water quality, increase soil moisture retention, reduce emission of greenhouse
gases from soil, leaching of nutrients, soil acidity, irrigation and fertilizer requirements and
also to reclaim degraded and spoiled land (Peng et al., 2011, Zhang et al., 2012). The
application of biochar to soil has been shown to improve crop yields which could be due to
direct or indirect effect. The direct effect is explained by the fact that biochar being
concentrated during pyrolysis contains higher amount of nutrients than the biomass from
which they are prepared. The indirect effect is due to improvement in soil physical, chemical
and biological properties due to biochar application (Srinivasarao et al., 2013). Organic
manures improve soil properties and nutrients use efficiency but in tropical condition they
mineralize quickly resulting lesser benefits, while a fraction of biochar remains in soil in a
very stable form for a long time (Major et al., 2010). In pot trials maize biomass was increased
by 64% (without NPK) to 146% (with NPK) after biochar amendment (Peng et al.,
2011). Several workers have reported that biochar applications to soils have shown positive
responses for net primary crop production, grain yield and dry matter (Chan et al., 2008;
Chan and Xu, 2009; Major et al., 2009 and Spokas et al., 2009). Purakayastha (2010) reported
that application of biochar prepared from wheat straw @ 1.9 t/ha along with recommended
doses of NPK (NPK::180:80:80) significantly increased the yield of maize in Inceptisol of
IARI farm and this treatment was superior to either crop residue incorporation (CRI) or
crop residue burning (CRB). Major et al., (2010) reported that the availability of nutrients
such as Ca and Mg was greater with biochar and exchangeable acidity showed a decreasing
trend with biochar application. There was a small but positive effect of biochar application
on crop productivity, with a grand mean of approximately 10% among 20 studies conducted
by different researchers. Maize grain yield increased significantly by 28, 30 and 140% in
2nd, 3rd and 4th year, respectively over control by applying 20 t ha- 1 of biochar (Major et al.,
2010). Addition of biochar to soil has also been associated with enhanced nutrient use
efficiency, water holding capacity and microbial activity. Biochar application in soil acts as
a conditioner and plays a much more important role in improving crop growth than as a
fertilizer itself. The improvement of crop growth may result from an increase of pH and
CEC (Peng et al., 2011). It was observed that crops respond positively to bio-char additions
but what will be limit for that application. Apart from the beneficial effects to soil fertility
and drawing CO2 from the atmosphere, bio-char applications to soil are also able to reduce
the emissions of other greenhouse gases due to better aeration (less frequent occurrence of
anaerobic conditions) and possibly by greater stabilization of C. Biochar applications to
soil also have the potential to decrease environmental pollution because biochars are very
efficient absorbers for dissolved ammonium, nitrate, phosphate and other ionic solutes as
well as hydrophobic organic pollutants.
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Conclusion
Biochar may be suitable and viable technology for transferring atmospheric carbon
to soil by the process of soil carbon sequestration. A huge amount of carbon can be stored in
soil for hundreds to thousands of years by converting agricultural and forestry residues,
wastes etc. to biochar through simple pyrolysis techniques. From the several studies it was
proved that biochar may be potential soil amendments or conditioner that improves soil
fertility and crop productivity by directly affecting soil pH and CEC. Studies have shown
that biochar is also capable of absorbing toxic metals and contaminants which are harmful
to the entire ecosystem. Biochar comes with the appeal of being a low cost and lowenvironmental-impact strategy for remediation of environmental pollutants and climate
change mitigation. However more concentrated effort is required to standardize the package
of practices of biochar application in different cropping system under integrated plant nutrient
management practices system (IPNMS). Besides this it is necessary to evaluate the side
effects of biochar application for the sustainable and productive agriculture.
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Among the major challenges currently faced by humanity are food security and climate
change. The global climate change, driven by rising atmospheric concentrations of greenhouse
gases (GHG). The effects of climate change was apparent from several decades and it
is evident from raised simulation of temperature, increases or decrease in rainfall, increases
in sea level and cloud cover (IPCC, Fourth Assessment Report, 2007). Similarly, extremes
events may prevail more often like increase in the intensity of rainfall, increased risk of
duration of drought and cyclones.
Agriculture depends upon calamities of nature if climate is favourable it would lead
to good crop yield thus ensuring food security. However, in the context of climate change
the issue of food security will be more highlighted because of dependency of maximum
population on agriculture. Since climate change is affecting the agriculture sector maximum
therefore, adaptation approaches needs to be considered for survival of agriculture sector.
The world food economy will be affected by change in climate and it depends upon three
factors i.e. nature of climate change (Temperature and rainfall trend), cropping system
response and response of food economy to changes in the cropping system. Since by the
year 2100 the temperature might rise between 0.9 to 3.5° C resulting to frequent hot days/
nights, variation in the intensity, frequency and timing of rainfall leading to change in the
impacts of biotic factors (Dukes et al., 2009). Therefore, the quality and quantity of
agricultural products will be severely affected due to change in the frequency and severity
of biotic factors (Mestre-Sanchis and Feijoo-Bello, 2009).
Now it is necessary to understand the drivers of change and design such strategies
which can minimize the impact of climate change. Crops responses like accelerated life
cycle, skipping of phenological stages, reduced leaf area and duration, inhibition of
metabolism (photosynthesis and respiration) and impaired reproductive growth might
be seen under different kinds of climatic stresses. However, agriculture and food supply
chains are heavy emitters of heat trapping greenhouse gases. Estimates of their shares vary
depending on where the line is drawn: 14% for agriculture production, or 25% if agriculture
driven deforestation is included, and considerably more if the whole food system is taken
into account encompassing food processing, storage and distribution Kahn and Zachs (2009).
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It plays a significant role in both. Adapting to climate change is expected to be an increasing
issue for agriculture and food security in the next decades. At the same time, agriculture is
part of the solution in mitigating climate change: by both reducing and sequestering terrestrial
greenhouse gas emissions, interventions in agriculture can reduce human caused net emissions
of greenhouse gases. This significant contribution can be achieved not only without
jeopardizing food security but also while promoting sustainable development.
Climate change enhanced the interest in soil C sequestration as one of the strategies
to offset anthropogenic CO2 emissions. Soils can function either as a source or a sink for
atmospheric GHG depending on land use and soil management. Appropriate management
can enable agricultural soils to be a net sink for sequestering atmospheric CO2 and other
GHG (West and Post, 2002). The CO2 emission from soil to the atmosphere, a primary
mechanism of C loss from soils, is attributed to the metabolism of plant roots, micro-flora
and fauna (Rastogi et al., 2002). Rates of soil respiration are controlled by several factors
including soil temperature, quantity and quality of soil organic matter (SOM), soil moisture,
the CO2 concentration gradient between the soil and the atmosphere, pore size distribution
and wind speed (Jarecki and Lal, 2006). In addition, CO2 emissions are influenced by practices
such as tillage and residue management (Osozawa and Hasegawa, 1995). The fluxes of CO2
between the atmosphere and the soil are an important link in the C cycle, and the processes
that mediate these fluxes affect the atmospheric concentration of CO2.
Carbon sequestration in terrestrial ecosystems has two distinct but related components:
sequestration in biomass and soil. A fraction of the biomass returned to the soil is converted
into stable humic substances and related organo-mineral complexes with a long residence
time. The effectiveness of soil C sequestration depends on the quantity and quality of biomass
returned to the soil. In cropland soils, a principal source of biomass is the crop residues. The
residue management offset the industrial emissions, stabilizing atmospheric concentration
of CO2, and improving agronomic/food production (Lal, 2008).
Crop residues potential in India
The major crop residues produced in India are straws of paddy, wheat, millet, sorghum,
pulses (pigeon pea), oilseed crops (castor, mustard), maize stover and cobs, cotton and jute
sticks, sugarcane trash, leaves, fibrous materials, roots, branches and twigs of varying sizes,
shapes, forms and densities. Similarly, the agro-industrial residues are rice husk, groundnut
shell, cotton waste, coconut shell, coir pith, tamarind shell, mustard husk, coffee husk,
cassava peels etc. Some of the common agricultural by-products available in large quantities
include bagasse, rice husk, groundnut shell, tea waste, casuarina leaf litter, silk cotton shell,
cotton waste, oil palm fibre and shells, cashew nut shell, coconut shell, coir pith etc.
(Sugumaran and Sheshadri, 2009).
In India produced nearly 435.98 million tons (Mt) of agro-residues every year, out of
which 313.62 million tons are surplus. These residues are either partially utilized or unutilized due to various constraints (Murali et al., 2010). The estimates from Streets (2003)
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reveal that 16% of total crop residues were burnt. The current availability of biomass in
India (2010-2011) is estimated at about 500 million tons/year. Studies sponsored by the
Ministry of New and Renewable Energy (MNRE), Govt. of India have estimated surplus
biomass availability of about 120-150 million tons annum-1 (MNRE, 2009). Of this, about
93 million tons of crop residues are burned in each year.
Uttar Pradesh is the highest producer for crop residues (60 Mt) followed by Punjab
(51 Mt) and Maharashtra (46 Mt). Maharashtra contributes to the maximum generation of
residues of pulses (3 Mt), while residues from fibre crop is dominant in Andhra Pradesh (14
Mt). Gujarat and Rajasthan generate about 6 Mt each of residues from oilseed crops. Among
different crops, cereals generate maximum residues (352 Mt), followed by fibres (66 Mt),
oilseeds (29 Mt), pulses (13 Mt) and sugarcane (12 Mt). The cereal crops (rice, wheat,
maize, millets) contribute 70% while rice crop alone contributes 34% to the crop residues.
India produced about 91-141 Mt surplus residues, which is total residues generated minus
the residues used for various purposes were burnt in the farm (IARI, 2012).
In northeast himalayan region (NEHR) rice and maize are the major cereal crops.
Paddy straw is widely used as fodder in this region and hence, burning of paddy straw is
uncommon except in few locations in Assam. Maize covers the second largest area after
rice and the residue of this crop is burnt in both upland condition and under shifting
cultivation. About 9.7 million tons of crop residues are produced annually in this region.
Further, forest covers more than 60% of the land in the hill ecosystem of NE and lot of
forest waste biomass is readily available for use in agriculture. In addition, a lot of forest
biomass is burnt in shifting cultivation (slash and burn method).
Burning is an easiest and traditional option provides fast management of crop/biomass
residues to clear the agricultural field of residual biomass and facilitating further land
preparation and planting. Other reasons for intentional burning include clearing of fields,
fertility enhancement, and pest management. It also provides a fast way of controlling weeds,
insects and diseases, by both eliminating them directly or by altering their natural habitat.
Further, the time gap between rice harvesting and wheat sowing in northwest India is only
15-20 days. Hence, farmers prefer burning the rice stalk in the field instead of harvesting it
for other uses. Burning is also perceived to boost soil fertility, although burning actually has
a differential impact on soil fertility. It increases the short-term availability of some nutrients
(e.g. P and K) and reduces soil acidity, but leads to a loss of other nutrients (e.g. N and S),
organic matter and microbial activity required for maintaining better soil health.
Among the cereal residues, rice and wheat straws are the dominant and the easiest
way to clear the field is burning these in the field itself. For example, 23% of rice straw
residue produced is surplus and is either left in the field as uncollected or to a large extent
open-field burnt. In Punjab alone, some 70 to 80 Mt of rice and wheat straw are burned
annually (Punia et al., 2008), releasing approximately 140 million tons of CO2 to the
atmosphere, in addition to methane, nitrous oxide and air pollutants. About three fourths of
greenhouse gas (GHG) emissions from agro-residues burning were CH4 and the remaining
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one-fourth was N2O. Burning of wheat and paddy straws alone contributes to about 42% of
GHGs. On the other hand, maintenance of a threshold level of organic matter in the soil is
crucial for maintaining physical, chemical and biological integrity of the soil and also for
the soil to perform its agricultural production and environmental functions (Srinivasarao et
al., 2013). The slash and burn cultivation is still being practiced in some parts of North East
India. In order to sequester carbon, a material must have long residence time and should be
resistant to chemical processes such as oxidation to CO2 or reduction to methane.
Residue management
Biomass residues are a tremendous natural resource not a waste. Residue management
is receiving a great deal of attention because of its diverse effects on soil physical, chemical,
and biological properties. Impact of crop residues on soil health and crop yield Incorporation
of crop residues into soil or retention on the surface has several positive influences on
physical, chemical and biological properties of soil. Residues increase hydraulic conductivity
and reduce bulk density of soil by modifying soil structure and aggregate stability. Mulching
with plant residues raises the minimum soil temperature in winter due to reduction in upward
heat flux from soil and decreases soil temperature during summer due to shading effect.
Substantial additions of crop residue mulches on the soil surface rather than
incorporated into the soil have proven to be a beneficial practice for wide range of soils and
agro-ecological zones. It improves the soil water, soil temperature, favourable biological
activities, particularly earth worm activities, addition of plant nutrient and build up of soil
organic matter reserves. It is good to add high amount of residues because 25-30% of residues
from cereal crops and 40-50% residues from legumes can decompose in a month (Gilles,
1946).
Leaving substantial amounts of crop residues evenly distributed over the soil surface
reduces wind and water erosions, increases water infiltration and moisture retention, and
reduces surface sediment and water runoff. Reduced evaporation from the upper strata of
soil coupled with improved soil characteristics essentially leads to higher crop yield in
many cropping and climatic situations.
The biomass residues is good source of plant nutrients, prevent leaching of nutrients,
enhances cation exchange capacity (CEC), and provide congenial environment for biological
N2 fixation, increase microbial biomass and improves the activities of enzymes such as
dehydrogenase and alkaline phosphatase. Increased microbial biomass not only increase
nutrient availability in soil but also acts as source and sink of plant nutrients.
The crop residues play an important role in amelioration of soil acidity through the
release of hydroxyls especially during the decomposition of residues with higher C:N, and
soil alkalinity through application of residues from lower C:N crops, including legumes,
oilseeds and pulses. The role of crop residues on carbon sequestration in soils would be an
added advantage in relation to climate change and GHGs mitigation.
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Incorporation of crop residues in conservation agriculture has direct and indirect
effects on pests. For example, crop residues directly affect egg laying of beetles and cutworms.
Lower soil temperature and higher soil moisture content under crop residues would also
affect pest infestation. Indirectly, residues change the type and density of weeds, which in
turn influence insects and natural enemies. Crop residues generally increase diversity of
useful arthropods and help in reducing pest pressure. The surface residues may ensure survival
of a number of insects, both harmful and beneficial.
Tillage
Tillage is one of important activities in the crop production system that optimizes the
conditions of soil bed environment for seed germination, seedling establishment and crop
growth. Ever since primitive societies learned to manipulate soil by simple tools, cultivation
has been an essential component of farming (FAO, 1995). The choices relating to tillage
methods are strongly affected by the other components of the cropping system. Thus, the
selection of tillage method is very important for cultivation.
A proper tillage can alleviate soil related constraints while improper tillage may lead
to a range of degradation processes, e.g., deterioration in soil structure, accelerated erosion,
depletion of soil organic matter and fertility and disruption in cycles of water, organic carbon
and plant nutrient (Lal et al., 1994). Soil compaction is generally defined as an increase of
the natural density of soil at a particular depth (Singh and Malhi, 2006). The density increase
translates soil into less pore space, less water available for plant, slower water transport,
and decreased root has ability to penetrate the compacted zone as it seeks out water and
nutrients or can reduce the formation of lateral roots (Singh and Malhi, 2006). Similarly, the
bulk density increases due to compaction can serve to retard or divert the flow of water,
resulting in pond or excessive runoff. These factors can limit yields and inhibit effective site
management for many crops (Rooney et al., 2004). Morris (1975) reported corn yield
reductions of 10 to 22% due to compaction. For each 1 kg m-3 increase in bulk density, a
decrease in corn grain yields of 18% relative to the yield was observed on a non-compacted
plot by Canarache et al. (1984). Wolkowski et al. (2008) reported that compacted soil could
reduce crop yield by 50% due to reduced aeration, increased resistance to root penetration,
poor internal drainage, and thus limited availability of plant nutrients. Murdock et al. (2008)
conducted seven year period of research on soil compaction effect for corn and soybean
rotation and reported that the recovery of compaction effect took seven years under notillage condition and it was four years when sub-soiled in the first year. Conversely, proper
tillage can lead to better spatial distribution of roots, improving the nutrient and water
uptakes, hence improved productivity and there are evidences of weed control positively
affecting the yield (Singh and Malhi, 2006).
Reducing tillage from the traditional mouldboard plough (inversion of the soil profile)
has become important for controlling erosion, maintaining soil fertility, and improving crop
health. Equipment and chemical development have also played a significant role, allowing
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seed placement without a prepared seedbed and weed control without soil disturbance.
Conservation tillage can take various forms, ranging in levels of soil disturbance. In no till
systems, crops are seeded directly into the previous season’s stubble, with an implement
cutting into the soil only enough to plant the seeds.
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Introduction
Integrated and scientific management of natural resources–soil, water, plant, men,
animal and environment is a prerequisite for overall development and sustained production.
These natural resources can be utilized and managed in an effective and gainful manner by
adopting watershed approach. The strategy of planning and implementing natural resources
in an integrated manner on watershed basis was adopted in early seventies. Watershed
management not only includes the concept of optimum utilization of soil and water for
agricultural production but it also ensures bringing together the technical know-how, the
people and the environment into a harmonious system. Both natural resources and the socioeconomic situation are integral parts of any watershed and should be given equal attention.
Integrated management of natural resources on watershed basis is a rational and sound
approach for sustainable development to realize national goals such as food security, poverty
alleviation, and welfare of weaker sections of the society. The most precious resource is
human resources. This resource remains largely untapped particularly in rural areas, which
can be mobilized for the purposeful use of our physical, ecological, and biological
endowments through a carefully planned programme of an integrated watershed development
and management. The watershed programmes also envisages the assured and full employment
of the people who are struggling to eke out their livelihood and are not expected to pay heed
to the conservation strategy, unless their daily needs of food, fibre and fuel are met. The
goal of watershed development and management should be total development in harmony
with nature.
In northeastern hills region of India, soil erosion by water is a major factor causing
land degradation and environmental deterioration. The degradation process is often triggered
and accelerated by inappropriate land use and/or poor management. Traditional slash-andburn agriculture on steep slopes, rainfall of high magnitude and intensity, compounds the
problem many folds. The region receives an average annual rainfall ranging from 1242 to
11409 mm, with the number of rainy days having 2.5 mm or more rainfall being more than
100. The region is typical with diversified climatic conditions, ranging from subtropical to
alpine, favourable for growing a wide variety of crops. However, in spite of its total
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geographical area of 18.4 million ha, which is 5.6% of the total area of the country, the
region contributes only 1.5% to the country’s food production. Practice of slash-and-burn
agriculture on steep slopes and expansion of agriculture to erosion prone land results in as
high as 76.6 Mg ha–1 yr–1 of soil loss. Consequently, 80% of the cultivated area is under
threat of moderate to severe erosion (Vilayutham, 1999) threatening ecological balance and
food security for future generations. Soil loss to the tune of 40.9 Mg ha–1 and the corresponding
nutrients loss of 702.9 kg ha–1 organic carbon, 7.1 kg ha–1 phosphorous and 145.5 kg ha–1
potassium from shifting cultivation plots on 45–53% slopes have been reported by previous
researchers (Sharma, 1998). Under fallow condition, the loss of nitrogen was estimated at
600 kg ha–1 and recovery was less than half (Ram and Singh, 1993). The soil erosion from
hillslope (60–70%) with a cropping sequence consisting of shifting cultivation during the
first year, followed by upland paddy in the subsequent year and fallow during the third year
was estimated as 147, 170 and 30 Mg ha–1 yr–1 respectively (Singh and Singh, 1981; Prasad
et al., 1986). To combat the problem of resource degradation and ecological imbalance,
there is a need to adopt appropriate land use and conservation measures particularly in
upland situations. Watershed being a natural drainage unit should form the basis for planning
various land uses and conservation measures to optimize the use of soil and water resources
for enhanced and sustained production. The watershed based farming system coupled with
vegetative and structural conservation measures at appropriate locations can retain maximum
rainfall within the slope and help dispose off excess runoff to foothills with non-erosive
velocity.
Concept of Watershed
Conceptually, watershed implies a drainage basin. It may be defined as a natural
hydrologic entity representing a specific expanse of land surface surrounded by a ridge line
above some point on a defined natural drain,
channel, stream or river, and runoff from
the land surface flows to that point. The
size of watershed can be as small as few
hectares for an outlet of small stream or as
large as thousands of square kilometers for
large rivers. The main function of watershed
is to receive the incoming precipitation and
dispose it off to an outlet in main flow
channel. The areal extent of a watershed
depends upon the concerned stream order
and its length which in turns are controlled
by bed rock, stratigraphy, soils, land use and
topographic configuration. In fact,
physiography and other land attributes are
Fig 1: A typical watershed
in dynamic equilibrium with the hydrologic
133

Natural Resource Management for Enhancement of Adaptation and Mitigation Potential under Changing Climate

entity that watershed signifies. It is for this reason that a watershed forms the most responsive
natural unit for agricultural development programmes such as dry land farming, droughtprone area development, ravine reclamation, agro-technology development, etc. Watershed
approach is inevitable in programmes involving collection, storage and recycling of runoff
water.
a) Watershed boundary vs administrative boundary
The basic principle of watershed is to attain agricultural development in harmony
with nature and nature does not recognize political or administrative boundary. As the
administrative boundary such as state, revenue district, block and land owner is clearly
defined and demarcated so these demarcations were considered as units for planning and
execution of development programmes. But such units are heterogeneous in its resource
endowment, therefore optimum utilization of resources and integration of mutually dependent
components are not achieved. But within the watershed boundary an independent system
consisting of dynamic and interrelated physical, social and economic factors exist. Since
soil and water are basic ingredients in sustainable development and as the watershed is
natural unit for considering these, it makes sense to use watershed as a unit for planning and
management. Comprehensive hill development plan on the basis of mobilization of total
resource potential will suffer serious restrictions unless carried out within this natural
boundary. Watershed, basically an agro-climate unit with more homogeneity of land than
other administrative units ensures co-coordinated planning on the basis of total available
resources, conjunctive use of surface and ground water, allocating priority for rational use
of water. Also watershed responds most effectively to various engineering, biological and
cultural treatments, and water provides excellent monitoring mechanism for evaluation of
the impact of the programmes at the outlet (Satapathy, 2002). But local administrative and
tenure right rarely coincide with natural watershed boundary. Generally within the
administrative boundary, the main effects of resource degradation are felt by people outside
that unit or by future generations. This is one of the important problems, which need to be
addressed, and this problem can be eliminated adopting watershed not administrative
boundary as a planning and implementing unit. The work in this direction in India was
initiated by Damodar Valley Corporation which executes watershed management plans within
the natural watershed boundary rather that the administrative boundary.
b) Nomenclature and size of Watershed
Planning and implementation of watershed development programmes should start
from the lowest level. A hierarchical approach in terms of size is to be adopted for delineations.
For delineation bigger to smaller area approach is adopted while for planning and
implementation smaller to larger area approach is considered to be the best. However, in
general the following nomenclature is followed.
Workable size of watershed is decided as per the aims and objectives of the particular
development programme as well as time span, available resources, technical and other
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institutional frameworks. For example, for
Table 1: Watershed shed terminology planning a river valley project with reservoir for
irrigation and hydro-electric power generation a
Terminology
Area (sq. km)
big area of thousands of square km is to be
considered whereas for a small storage structure
Mega watershed
30,000 – 3,00,000
Meso watershed
3000 – 30,000
like farm ponds size of watershed may be few
Watershed
300 – 3,000
hectares only. The physiographic conditions like
Mini watershed
30 – 300
plains, valleys, undulating foothills, rugged hilly
Micro watershed
3 – 30
areas would also influence the size of watersheds.
Nano watershed
<3
In undulating and hilly areas or where intensive
agricultural activities are to taken, size of watershed may be small but for development of
grassland and forestry large sized watersheds may be selected. In hilly areas where there is
large spatial and temporal variation in climate, geography and land use, small sized watershed
may be preferred. In such areas small watershed has distinct advantage due of homogeneity
in watershed characteristics. The planning and execution in such watersheds is simple and
necessities for small financial outlay. On an average a size of 100 ha is considered to be
reasonable for agricultural watershed in hills with regard to ease of surveying and
investigations, effective planning in view of local conditions and resources and timely
completion of project.
c) Identification of critical areas within the watershed
Watershed management implies the judicious utilization of natural resources including
soil, water and vegetation in an eco-friendly manner without degrading their quantity and
quality, within a natural drainage unit to maintain the natural drainage unit within its
regenerative capacity for sustained production and enhanced income. Agricultural
intervention has been identified as the major contributor of sediment yield, nutrients losses
and other non-point source pollutants of water resources. Soil erosion reduces land
productivity and all these pollutants degrade water quality, causing health problems both to
human and animals and adversely affect fisheries, wild life resources and recreational activity.
Effective watershed management practices are to be recommended for reducing the
soil and nutrient losses from critical erosion prone areas of the watershed. Identification of
critical areas within the watershed assumes significant importance for its effective treatment
to reduce the sediment and pollutant load at the outlet of the watershed. Only a few critical
areas within the watershed are responsible for disproportionate amount of the pollution.
The critical areas of nonpoint source pollution can be defined both from the land resource
and water quality perspective. From the land resource perspective, critical areas are those
land areas where the soil erosion rate exceeds the soil loss tolerance value. Critical areas
from the water quality perspectives are areas where the greatest improvement can be achieved
with the least capital investment in best management practices. There are many criteria in
practice for identification of critical areas. Sediment yield and phosphorous loading is one
such criterion. Generally, soil loss tolerance value of 16.0 t ha-1yr-1 and phosphorous loading
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rates of 1.12 kg ha–1 yr–1are considered as threshold limit for identifying the critical areas
from the land source prospective. Universal Soil Loss Equation (USLE) is most widely
used model for identification of potential average annual soil loss. On the basis of estimation
from USLE model, soil erosion rate was categorized as slight (0–5), moderate (5–10), high
(10-20), very high (20–40), severe (40–80) and very severe (>80) (Singh et al., 1992). For
nutrients concentration in runoff water a threshold value of 10 mg-1 for nitrate nitrogen and
0.01 mg-1 for dissolved phosphorous as described by Environmental Protection Agency
(EPA,1976) may be adopted for identifying and prioritizing the sub-watersheds.
Larger watershed can be divided into sub watersheds with respect to drainage pattern
and homogeneity in watershed characteristics. The basis for identification and prioritization
of critical sub watersheds is an important exercise and are governed by degree and extent of
resource degradation and availability of human resources and funds. The criteria for
prioritization of sub watersheds may be based on restoration of degraded lands, preventing
vulnerable land from degradation, productive potential of land resources in the sub watersheds
and peoples participation. Objective of the watershed management programmes is also one
of the important criteria to prioritise the sub watersheds. For example, in catchment of dams
and reservoir, sub watershed yielding maximum sediment needs to be treated first whereas
for flood control programmes, sub watershed yielding maximum runoff should be treated
first. In rainfed farming programmes protection of cultivable land should be assigned top
priority. Common methods employed to identify and prioritise the sub watersheds are
reconnaissance survey, soil and land use survey, interpretation of remotely sensed imagery
and sediment observation.
Community organizations in watershed management programme
The Ministry of Agriculture in their guide lines have suggested implementing
watershed management programmes by organizing the community into various groups termed
as Self Help Groups (SHGs), User Group (UG), Watershed Association (WA), Watershed
Committees (WC) and the like.
a) Self Help Group
The concept of Self Help Groups (SHGs) has been found very crucial for sustainable
development of human resource as well as livelihoods. Besides many other advantages, it
provides a unique opportunity to replace subsidy –oriented development with revolving
fund oriented development. At present, various types of agencies: Govt. departments, banks,
non-governmental organizations, international agencies and innovative members of the
community are organizing SHGs. Although precise statistics are not available, approximately
6 lakhs SHGs presently exist in the country. It is interesting to observe that more than 95
percent of these SHGs are comprised of only women. In the on going watershed programmes,
only Self Help Groups (SHGs) have been found to be sustainable. Even among SHGs only
those that have been organized on the basis of social affinity and through credit and thrift
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activity, are able to sustain, whereas others that have been organized on the basis of similarity
in livelihood (but without credit /thrift activity) are not sustainable.
b) User Group
The existing User Groups (UGs), which have been organized for development of
natural resources, are not able to meet regularly after the implementation of the proposed
works. This has been happening inspite of the fact that there is a need to address important
issues regarding proper utilization of natural resources as well as repair and maintenance of
structures constructed under the project.
d) Watershed association
The watershed association is found to be virtually non functional after completion of
the project period. It has not been able to play the desired role of a decision making body
even during the project period frequency of WA meetings and participation of members has
been low.
e) Watershed committee
In the majority of case, the Watershed Committee (WC) has also been non functional
after the completion of the project period, as it is left with no specific self sustaining agenda
for its continuation. Its sense of ownership of the programme during the project period has
also been just average (as reflected in lack of downward accountability to the community,
limited participation of office bearers in the meeting and inability to collect genuine
contribution from actual users.
f) Panchayet Raj Institutions
In order to ensure peoples ‘Participation in the implementation of watershed projects
under three programmes, the guidelines for watershed development provide for a detailed
institutional frame work at all levels of implementation particularly peoples’ organization
called the watershed association, the watershed committee, the Self Help Groups, the User
Groups at the village level. In this institutional frame work, the Gram Panchayets and other
Panchayet Raj Institutions (PRIs) were not given the pivotal role, since the PRI frame work
was not strong enough at the time of framing guidelines for watershed development in 1994
-95. The revision of guidelines in 2001 did envisage a role for PRIs in the implementation of
watershed projects. However, the concept of watershed association and watershed committee
at the village level was retained for implementing the projects under three programmes.
Resource Conservation Strategies
This includes selection of appropriate land use, planting of trees, shrubs, hedgerows
along the contours, grass planting on contour bunds and terrace risers for increasing rainfall
retention in-situ and retarding the overland flow. Precious water resource in form of rain
may be harvested in pond for use in dry period. Physical process based model may help in
decision making for selection of best management practices (BMPs) on hillslope.
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a) Land Use v/s Land Capability
Selection of appropriate land use is first and important step towards conservation and
optimum utilisation of land and water resources. Land capability classification is widely
employed as the basis for land use planning. Land is graded into a number of capability
classes usually from class I to class VIII on the basis of its inherent limitations of erosion,
wetness, soil and climate, and so on. Land under class I through IV is arable-suitable for
rainfed arable use; class V is applied to special situations such as wet valley floors whilst
land belonging to class VI to VIII is non-arable and considered suitable only for pasture,
forestry and the like. Due to paucity of land belonging to class I to V, large area of sloppy
land belonging to class VI and VII are being used to grow subsistence food crops. As farm
families and sometimes whole communities are dependent upon the produce, it would be
socially undesirable to attempt to change this situation. Owing to the typical soil and climatic
conditions in the region, a modified land capability classification (Table 2) has been
successfully tried out in the region (Borthakur, 1992).
Table 2: Modified land capability classification for northeastern region
Land Class

Land slope (%)

A-1
A-2

0-5
6 - 50

B-1

51 - 100

B-2

51 - 100

C

>100

Suitable land use
Suitable for cultivation without special soil conservation measures.
Suitable for cultivation with special conservation measures such as
vegetative barriers, contour bunding, bench terracing.
With shallow soil depth (less than 1.75 mm), suitable for pasture and
fodder with contour trenching.
Having soil depth of more than 1.75 mm, suitable for orchards, cash crops,
plantation crops etc. with half-moon terracing
Suitable for forest.

(Source: Borthakur, 1992)

The major factors deciding a land use in hills are (i) land slope (ii) soil depth (iii)
extent of land degradation (iv) agro climatic conditions and v. people’s participation. The
development of land use systems should be based on watershed approach for resource
conservation point of view. Among the factors responsible for determining the land use
systems, people’s participation is a persuasive factor and agro climatic conditions is only to
decide the nature of agricultural crops, trees or grasses. Sharma (1998) suggested a model
for selection of suitable land use system based on three factors viz; soil depth, land slope
and extent of land degradation for growers of their choice on hillslopes for higher returns,
natural resource conservation and ecological balance. He delineated these three factors into
three categories (Table 3) and suggested procedure for selection of correct land use (Table
4).
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Table 3: Delineation of limits for different factors determining land use
Factors

Low

Medium

High

Soil depth
Land slope
Land degradation

<0.5m (D1)
<30% (S1)
Normal to sheet erosion (G1)

0.5 to 1.5m (D2)
30 to 60% (S2)
Rill erosion (G2)

>1.5m (D3)
>60% (S3)
Gully erosion (G3)

(Source: Sharma, 1998)

Table 4: Land use system for different land parameters
Land parameters

Land use system

Soil depth (m)
D1(<0.5)
D2(0.5-1.5
D3(> 1.5)
Land degradation (Erosion)
G1(Normal to sheet)
G2 (Rill)
G3 (Gully)
Land slope (%)
S1 (<30)
S2 (30-60)
S3 (>60)

Horti-silvi- pastoral (HSP)
Agri-horti-silvi-pastoral(AHSP)
Agri-hort-silvi-pastoral (AHSP)
Agriculture (A)
Horti-silvi- pastoral (HSP)
Silvi-pastoral (SP)
Agriculture(A)
Horticulture (H)
Silvi-pastoral (SP)

For example, if a land has 1.2 m soil depth (D2), 25 % slope (S1) and slightly degraded
soil (G1) or D2 S1 G1 and then as per the Table 4, we can assign AHSP+A+A or A3HSP to
D2S1G1. Since agriculture (A) has been repeated thrice against one each for horticulture
silvi and pasture, agriculture would be the most suitable land use system for the area (Sharma,
1998).
b) In situ Retention of Rainfall
Maximum efforts should be made to conserve as much as rainwater as possible in
soil profile for beneficial use by crops and to reduce the overland flow rate and volume in
order to prevent soil erosion. Land uses practiced in micro watersheds with appropriate soil
and water conservation measures were found effective in retention of rainfall (Satapathy, et
al., 1999). Large intense rainfall events with high antecedent moisture content in soil are
favourable for generation of high amount of runoff. Some of the potential farming systems
such as agriculture on bench terraces, horticulture, agri-horti-silvipastoral systems etc.
imposed in separate micro watershed with average slope ranging from 32 to 44% have been
evaluated for their long term runoff, soil losses and so on. Land use practices in micro
watersheds with soil and water-conservation measures were found very effective in retention
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of rainfall. Rainfall retained in-situ in different micro watersheds varied between 80-100%.
The surface runoff from shifting cultivation watershed remained in the range of 19.8954.99 %. Also as expected shifting cultivation watershed yielded the highest peak runoff
rate of 86.10 mm hr-1, while watershed with undisturbed natural vegetation gave the minimum
peak runoff rate of 4.49 mm hr–1. However, provision of contour trenches at a vertical interval
of 1–1.5 m in fodder based agriculture most effectively conserved moisture and produced
peak runoff rate of 7.81 mm hr–1. Peak flow rate from mixed block forest, silvipastoral
system and agri-horti-silvipastoral system with contour bunds, bench terraces, half–moon
terraces at appropriate location varied from 10.53 to 21.48 mm hr–1 showing the effectiveness
of appropriate land use in conjunction with suitable soil conservation on hillslopes.
The contributions to stream flow in the watersheds having substantial area under
natural forest is primarily by subsurface flow (base flow). Hydrological data of micro
watersheds having pine forest cover at the upper portions with different land use at the
lower portion namely; agriculture (W1), forestry (fuel/fodder) (W2), agroforestry (W3),
Agriculture (food crops) (W4), agri-horti-silvi-pastoral (W5), horticulture (W6) and pine
plantation and natural vegetation (AEW) have been studied to analyse the base flow pattern.
The fifteen years (1984–98) data in terms of total flow (TF), base flow (BF), surface flow
(SF) and peak flow (PF) of seven watersheds were compiled and yearly mean values in all
the above parameters were analysed. Analysed data revealed that the watersheds having
more percentage of area under undisturbed natural pine forest at the upper portion yielded
major portion of its total flow as base flow (Fig 2). The watersheds with continuous stream
flow characteristics generated base flow to the extent of 70-90% of its total water yield.
The highest base flow was obtained in the pine afforested undisturbed watershed, which
amounted to 23.5% of annual rainfall. The water retained in slopes within the watersheds is
available for use by the crops /plants and recharge of streams, springs and ground water.
Subsurface flow from the upper slopes often is a significant proportion of total flow from
the catchments. Pipe networks are formed at various depths below the surface due to biological

Fig 2: Effect of proportion of forest area on base flow
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activities. Rainwater infiltrating into the soil is carried laterally by these pipes and delivered
into the stream. Where pipes are close to the surface they lead to saturation of soil and
overland flow occurs.
c) Water Resources Development in Micro Catchment
The rugged hilly terrain also supports large number of springs perennial as well as
ephemeral with yields varying from a few litres to tens of m3 hr-1 giving rise to numerous
streams and rivulets. The discharge is highest during monsoons which gets reduced during
autumn and reaches at their lowest rate in summer. These natural springs continues to be the
main sources of water supply to bulk of the tribal population living in the upper reaches of
the hillslopes. Six such springs having water yield potential of 0.99 to 7.72 ha-m yr-1 were
pooled for water supply at ICAR Complex at Barapani in past. Such harnessing requires
less investment, expertise and is of highest efficiency. Construction of suitably lined storage
tanks of adequate size with proper protection measure from possible pollution by human
and animal are essential for effective utilization of these water sources. The existence of
small seasonal /perennial springs helps the tribal farmers to cultivate the irrigated crops and
facilitates their adoption of terrace farming in place of shifting cultivation.
In a case study at ICAR, Barapani (Meghalaya) it was observed that the contribution
of subsurface flow (interflow) from upper slopes accounts for 85-90% of annual inflow into
the water harvesting pond (1.42 ha capacity) located in the lower reaches of the catchment
of 11.1 ha area. Only 10-15% comes from direct interception of rainfall and collection of
surface runoff. An unlined water harvesting pond was monitored for fluctuations in the
water table in the ponds. The ponds were filled to their maximum capacity from 21st to 43rd
weeks. In the remaining period the water table fluctuated. The minimum ponding of about
40 cm in the ponds were observed during the period ranging from 50th to 7th week (Fig 3).
This ponding was mainly due to interflow from upper reaches.
Low water in the pond during the
dry period necessitates the Low Density
Poly Ethylene (LDPE) (commercially
known as agrifilm) lining of the pond.
The procedure adopted in lining a pond
at ICAR, Barapani (Meghalaya) is as
follows. After the pond was dug as per
the design, pond bed and sides was made
weed and stone free. Steps at 50 cm
vertical interval were made on sides of
the pond to hold the agrifilm at its place.
On top of the sides continuous trench of
Fig 3: Weekly variation in water table in an
30x30x30 cm was dug for the purpose
unlined pond
of anchoring the agrifilm to prevent it

141

Natural Resource Management for Enhancement of Adaptation and Mitigation Potential under Changing Climate

from sliding down. Pre-emergent herbicide was also sprayed on sides and bed to arrest the
weed growth. After the sides and bed were dressed properly, 10cm thick layer of sieved
sand was spread uniformly on bed and sides to provide cushion to the agrifilm. After that,
agrifim was laid properly in the pond. Agrifilm of 250 μ thickness was used for lining.
Utmost care was taken in joining the agrifilm to suit the shape and size of the pond. For
joining, bitumen of 85/125 and 80/100 grade in the ratio of 2:1 was used. While laying too
much stretching or tightness of the agrifilm was avoided, particularly on sides. Over agrifilm,
soil cover of 20 cm was provided. Then stone of size 10-20cm was pitched on sides only to
safeguard the sides of the pond against erosion and any other external forces. Study of
storage behaviour of the pond revealed that seepage loss from agrifilm lined pond was
reduced from 55 to 2.9 l m-2day-1 i.e. by 94.7% (Singh et al., 2006).
Economically Viable and Sustainable Farming System Developed by ICAR on Micro
Watershed Basis
The models developed are based on the following distinct approaches:
●
The watershed, a natural drainage unit, should form the basis for planning various
land uses to optimize the use of soil and water resources for sustained production.
This watershed based farming system coupled with mechanical soil conservation
measures viz. Contour trenches, contour bunds, bench terrace, half moon terrace,
grassed waterway etc. at appropriate locations can retain maximum rainfall within
the slope, safely disposing off the excess runoff from the slopes to foot hills with
non erosive velocity.
●
Application of improved production technology and increase of cropping intensity
by growing at least two high yielding crops have the possibility to increase the
productivity of rainfed bench terraces 3 to 5 times more than that of sloppy land
with no detrimental effect on natural resources. The trials conducted, have
demonstrated that with this intense crop-Production, one hectare of terraced land
can sustain a family of five, with 60 percent of yield meeting the food requirements
and marketing the remaining for other needs. Introduction of remunerative
horticultural crops can instill in the Shifting Cultivators long term interest in the
land to tie them down to settled agriculture.
●
Subsidiary income from rearing of livestock by feeding on the by-products of
crops and cultivated fodders, trees raised on the terrace risers, bund surface and
very steep slopes unfit for cultivation.
●
Construction of small earthen dams for water storage and silt retention at lower
reaches of the watershed by utilising local resources-earth, stones and human labour
to utilise the stored water for fish production or to recycle back for life saving
irrigation
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a) Agro pastoral farming system
The system was developed in the area of 0.64 ha having average slope of 32.42%.
The conservation measures adopted were contour bunds at higher reaches, bench terrace at
lover reaches and grassed waterways in drainage channel. Top of the hillock (0.06 ha area)
was kept under forest. The cost of land development under the system was around 400
mandays/ha. Based on the experiences and results, two cropping systems: rice based (Ricemustard /potato/ radish, maize based cropping system (maize - groundnut/ soybean/ mustard)
may be practiced. About 30% area was covered under bund and terrace risers. This area was
utilized for fodder production. Among the perennial grasses and legumes - Setaria sphacilata,
thin napier, guinea, and stylosanthes were found suitable for plantation on terrace risers for
stability of the risers and fodder production. The fodder crops should be pruned before
attaining height of 50 to 60 cm to avoid any shade effects on agriculture crops in the terrace.
Such system in 1 ha land can also sustain 1.25 cow or 5 pigs or 10 goats. Economics of this
farming system was estimated as 1.83:1 without integration of livestock and 2.05:1 with the
integration of livestock. Sediment yield from this system was found to be less than 1 t
ha-1yr -1. This system can be practiced on land with more than 1m soil depth and slope upto
50%.
b) Agri-horti-silvipastoral farming system
The system was imposed in micro watershed having an area of 1.58 ha and average
slope of 41.77%. Contour bunds, bench terrace, grassed waterways, and half moon terraces
were the conservation measures adopted in the micro watershed. Timber, fuel, fodder, and
fruit trees were grown along with pineapple, fodder grasses, and legume crops. Labourers
requirement for the development of the land for this mixed land use system was estimated
as 190 mandays ha-1. The produce from this system in 1 ha area can meet the food, fodder
and fuel requirement of a tribal family consisting of 5 members. One person can maintain
this system in 1 ha area through out the year except in the month of July when labour
requirement exceeds 30 mandays ha-1yr-1. During this month his family member can support
him. The system can sustain 10 goats from the fodder obtained from risers, horticulture and
silvipasture area. The system is most suitable for remote area farmers who would like to
have self sufficiency in food, fodder and fuel (Singh et. al, 1987). The benefit: cost ratio of
the system was estimated as 2.14:1 and 1.41:1 with and without integration of the livestock
component, respectively. Hydrologic evaluation of the system revealed the sediment yield
of 1.22 t ha-1 yr-1.
c) Livestock based farming system
This system was found suitable for steep slope upto 100% and shallow soil depth.
Even soil depth of 0.5 m can also sustain this system. The economic viability and sustainability
of this system was established in 1.39 ha area with average slope of 32.02%. Minimum soil
manipulation is required. Contour trenches and grassed waterways can provide effective
conservation of soil and water in the system. Cost of land development for such land uses
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may vary between 150 and 335 mandays ha-1. Selection of leguminous and non-leguminous
annuals and perennials, shrubs and trees will depend on the type of enterprises (such as
milk, beef, mutton, wool, pork and poultry production). The fodder production system has
to ensure stability in fertility status of soil, availing the moisture supply towards maximum
fodder production for longer period during the year and conservation of fodder for lean
season. Annual legumes develop 100% canopy within 45 days of the onset of rains.
Combination of cultivated varieties of perennial legumes, grasses, shrubs and trees can
extend availability of green fodder up to February at low altitude thereby shortening the
requirement of conserved fodder for lean season. Carrying capacity of such high land, use
has been estimated to be 4 to 5 livestock/unit/ha with setaria and stylo (1:1) mixture of
fodder production. Livestock-based farming system has potential for substantial income
from the farmyard manure and self-sufficiency in the matter of fuel through biogas plants.
The benefit: cost ratio for the system was 2.08:1. Such land use is expected to retain over
90% of annual rainfall and restrict the soil loss within 2 t ha-1 yr-1.
d) Horticultural based land use system
This land use can be adopted in a slope not more than 100% having maximum soil
depth of 1.0 meter. Contour bunds, half-moon terrace at the fruit plant location, grassed
waterways and few bench terraces at the lower terraces for growing vegetables crop are
essential conservation measures. Such lands are expected to retain over 90% rainfall in the
slope and reduce the soil loss below 1.0 tonne ha-1 yr-1. Land development cost will be about
108 mandays ha-1. Variety of horticultural crops can be grown under the system depending
on the market potential. Pineapple may be planted on contour bunds across the slope.
Terrace riser in the vegetable blocks should be planted with fodder legumes. Hilltop should
be used for forest species to meet the fuel and fodder requirement. Yield potential of newly
planted Assam lemon orchard has been found to be 11,300, 12,800 and 37,200 fruits ha-1
during third, fourth and fifth year after planting (Singh et al, 1987). Pineapple planted on
contour bunds yields 9300 fruits per hectare after 20 months of planting. During the early
phase of fruit trees planting bajra x napier hybids, golden timothy grass, guinea grass, dallies
grass and maize can be intercropped with orange, avocado, guava and lemon having little
adverse effect on tree growth but the green forage yields 70-138, 44-82, 43-74, 45-81 and
50-55 tonnes per hectare, respectively can be obtained under these Hortipastoral systems.
Fodder rice bean and fine stylo can be produced 19-22 and 22-30 tonnes per hectare
respectively with positive effect on the fruit tree growth.
e) Agroforestry
Appropriate agroforestry system shave the potential to check erosion, maintain soil
organic matter and soil physical condition, augment nitrogen build up through nitrogen
fixing trees and promote efficient nutrient cycling where trees are integrated with crop and
livestock system. Agroforestry is an age-old practice in the region. Pine apple, areca nut,
mandarin orange, citrus, betel vine, black pepper, jack fruit etc. are the dominant plant
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species. Some trees are variably grown with under storey crops such vegetables, beans,
cucurbits, ginger etc. characterized by a range plant species with combination varying from
house to house to meet a range of needs from food to shelter and surplus sold in a local
market. Large cardamom with shade trees on hillslopes unsuitable for crop production is an
integral part of the farming system in Sikkim and ecologically sustainable. Alder (Alnus
nepalensis) is grown in the region for enhancing soil fertility especially nitrogen in the
Jhum system for growing of crops like maize, job’s tears, millet, potato, etc. The alder
grows rapidly and regenerates by coppicing after pollarding, and it is symbiotically nitrogen
fixing through its root nodules. It is estimated that one hectare Alder plantation can add 50100 kg nitrogen to the soil by fixing atmospheric nitrogen (Saxena et al., 2003). When alder
trees are pollarded, leaves and succulent branches are left in the field for decomposition.
The fertility of 1,000 kg of dry leaves of alder is equal to 14.3 kg of Nitrogen, 2.4 kg of
Phosphorous and 2.2 kg of Potassium without any pollution of soil and natural environment
(Lixin and Luohui, 2005). Mulberry based plantations along with cultivation of groundnut,
soybean, rice bean, pea, ginger and other cole or remunerative crops are some examples of
recent agro-forestry systems.
f) Contour Hedgerows
Contour hedgerow technology provides and option for farming on hillslopes on a
sustainable basis. The hedgerows are established by planting of fast-growing and deep rooting
leguminous trees or shrubs such, as Leucaena leucocephala, Gliricidia sepium, Erythrina
sp. etc along the contours on a hill slope. The spacing (vertical interval) of the hedgerows
may be decided as per the land slope. However, in the region vertical interval between the
hedgerows may be taken as 1.0–1.5 m. Crops are planted between hedgerows. In alley
cropping, food crops are planted within the contour alignment hedgerows of fast growing
trees. Trees are pruned periodically to provide mulch and green manure to maintain soil
fertility and also to minimize shading of the crop. The alleys check the soil loss through
cover effect, reduced runoff and maintain soil organic matter. Growing of nitrogen fixing
species on the field bunds helps in fixing atmospheric nitrogen and reduces the leaching
losses of mineral nitrogen. Their vigorous root system mobilizes phosphorous, potassium
and other trace elements. Decomposition of organic matter liberates carbon dioxide and
organic acids, and solublises phosphorous, potassium, calcium and other trace elements.
Accumulation of organic matters through leaf litter of hedgerow species improves the water
holding capacity and other physical properties of the soils. Cajanus cajan, Crotalaria
tetragona, Desmodium rensonii, Flemingia macrophylla and Indigofera tincotoria are some
of the hedgerow species for the region. Regular pruning of nitrogen fixing hedgerow species
added 20-80, 3-14 and 8-38 kg ha-1 yr-1 of nitrogen, phosphorous and potassium, respectively
(Laxminarayana et al., 2005). The hedgerow also helps in progressive development of terraces
through accumulation of up slope hedgerow and stabilization of risers against rain storms
by stems and roots. This agroforestry system requires low input and continuous crop
production with less risk of soil loss. Among perennial grasses legumes–Stylosanthus
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guyamensis, Shameta, thin nappier and Seteria sphaculata with yield potential of 19.7, 19.0,
65.05 and 80.86 t ha-1 of green fodder (Verma, 1989) may be planted on bunds and terrace
risers. The fodder crops should be pruned before attaining height of 50 to 60 cm to avoid
any shade effects on agriculture crops in the terrace.
Conclusion
The watershed resources whining a natural boundary are specifically accountable for
any development planning. Each watershed has its own carrying capacity within which it
limits its functions. Over pressurization on t he resources for excessive mobilization for
productive results, ignoring the carrying capacity, may crumble down its one natural dynamics
and sometimes it may enforce the very expulsion of elements additionally put in for interplay.
Such pressures may also result in ultimate break down of any planned development. The
indiscriminate and unscientific use of natural resources and their subsequent degradation is
referred to as the major cause of the severe drought and occasional floods that we face in
recent times. Such environmental imbalance can only question the existence of our progenies.
Therefore, an intensive systematic preservation of these existing bio-reserves seems to be
the need of the hour. This can be achieved only through proper and scientific agricultural
practices as well as soil and water conservation measures. The interplay of these resources
with the ecological parameters has to be critically analyzed and potentials determined.
The major areas of development for any watershed in our region are agriculture,
animal husbandry, irrigation, afforestation, soil conservation, small scale industries, health,
drinking water and sanitation. Since all these areas are interlinked with each other, an
integrated developmental project will only serve the purpose. Moreover, all the interventions
should reflect demand, preference and welfare of local community. It is the duty of the
people’s representatives and watershed committee members to suggest suitable interventions
and then prioritize the plans. All the strategic planning should be based on the basic principles
of equality, social justice and participation. A more broad and novel recommended by social
scientists by considering the human resources at par with conservation of natural resources.
Shifting the focus of the development efforts from resources and product to people
and there livelihood outcomes lies at the hard of sustainable livelihood approach. The
sustainability of agricultural system can be achieved by effectively managing the land water
livestock human and resources within the boundary of watersheds. This fact was demonstrated
by ICAR Research Complex which has developed sustainable agricultural production system
on hill slopes for different category of farmers and landscapes. The economically viable
and environmentally sustainable farming system develop by ICAR controlled the soil loss
within 10 ton/ year against 76 ton/ ha/ year from the shifting cultivation site.
Food production system on hill slope without proper conservation measures are highly
resource depleting and unsustainable. Proper land use in conjunction with biological and
mechanical soil conservation measures when adopted within the boundary of watershed
can enhance sustainability of the production system in the region. These technologies help
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conserve rainfall in situ, thereby arresting soil loss and preserve soil fertility. The economically
viable farming system models–Agropastoral, Agri-horti-silvipasoral, Livestock based system
and Horticulture based systems developed by ICAR for upland ecosystem through adoption
of engineering measures on micro watershed basis restricted the soil loss within 10 t ha–1 yr–
1
. These farming system models are capable of fulfilling the diversified needs of the tribal
people. These models can be adopted in the region on watershed basis as an alternative to
jhuming. Indigenous agroforestry practices prevailing in the region which is sustaining
since generations need to be duplicated at other similar places in the region.
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Role of extension in managing climate change
at farmer’s field
AK Tripathi and Dileep Kumar
ICAR Research Complex for NEH Region, Umiam, Meghalaya, 793 103

Natural phenomena such as solar flare, volcanic activity and ocean circulation influence
our climate and contribute to its variability. Evidences suggest that climate is now changing
faster more as a result of human activities, such as emission of greenhouse gases and changing
land uses. The fourth assessment report of the Intergovernmental Panel on Climate Change
(IPCC, 2007) concluded that the global average mean temperature and the frequency of
temperature extremes, heat waves, and heavy precipitation is likely increase in response to
increased concentrations of greenhouse gases in the atmosphere. This report also concluded
that the globally averaged net effect of human activities since 1750 has been one of greatest
cause of warming.
In this context the global society will have to make certain decisions in the coming
years about how to adapt to a changing climate. Climate variability and climate change
creates risks to all sectors of the economy. Effective preparation for the possible effects of
climate change requires the engagement of resource managers, planners, public works
officials, local managers, community development specialists, businesses, residents, and
property owners. The challenge is to provide these diverse stakeholders with trusted, useful,
science-based information so that they in turn can make informed decisions.
The Extension programs contribute to and advance the decision-making processes
and outcomes of stakeholders through the provision of high-quality science based information.
Extension programs are stakeholder-driven and address the issues that are most frequently
brought to the attention of Extension agents, such as the causes and potential impacts of
climate change, extreme event frequency, sustainability, carbon resource management, public
policy, community development, water resource management, and public health. By
identifying needs, vulnerabilities, strategies, information and extension facilitates ensures
swift implementation of science-based solutions to the climate originated challenges and
promotion of emission reduction strategies to help mitigate climate change affects would be
a new activity under the existing climate Extension program. Management of forestry and
agricultural activities are regarded as an important option for greenhouse gases (GHG)
mitigation. Suitable interventions in these sectors can reduce and avoid the release of three
most important GHGs: carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). The
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main goal would be to shift agriculture from a net source to a net sink for greenhouse gases.
Although the GHG sources and sinks in the forestry and agriculture sectors of the
world are minor portions of the total emission profile, but they represent significant potential
for offsetting and reducing the projected increases in emissions over future decades. Activities
with potential for GHG mitigation include afforestation, improved forest management and
protection, soil carbon sequestration, agricultural CH4 and N2O mitigation and reduced use
of biofuels and chemical fertilizers.
Soil carbon sequestration has an additional appeal because practices that enhance
soil carbon also improve soil quality and fertility. Soils store carbon for long periods of time
as stable organic matter, which reaches an equilibrium level in natural systems that is
determined by tillage and other management practices, climate, soil texture, and vegetation.
When native soils are disturbed by agricultural tillage, fallow, or residue burning, large
amounts of CO2 are released. However, a significant portion of the carbon captured by
plants through photosynthesis can be sequestered by soils managed with direct seeding and
other techniques that minimize soil disturbance. Irrigation can enhance carbon sequestration
over native soil levels by overcoming the moisture limitation to increased plant biomass
production. Examples of management practices with the potential to increase soil organic
carbon include altering of the terrestrial nitrogen cycle as well. Due to irrational nitrogen
fertilization and improper water management, nitrogen is more prone to loss to ground or
surface water and to the atmosphere. N2O, a common emission from agricultural soils, is a
potent greenhouse gas (296 times more than CO2). Atmospheric concentrations of N2O have
increased by 15% during the past two centuries but reductions can be achieved through
improved nitrogen management only.
Methane emissions from livestock include enteric emissions from ruminant activity
in cows and manure application. Methane traps heat about 21 times more effectively than
CO2. Proper feeding management offers the opportunity to reduce enteric emissions from
ruminants. On the other hand, emissions from manure management are affected by
management options. Most modern dairies utilize a lagoon system for animal waste treatment,
a practice that leads to large emissions of methane and nitrous oxide. Closed-system anaerobic
digestion of the manure has the potential to eliminate most methane emissions from lagoons
while conserving more nutrients and also producing a renewable energy source.
Livestock production in world includes both confined animal operations and pastured
animals. The increase in production and concentration of intensive livestock operations
along with increased urbanization of rural regions have resulted in greater awareness and
concern for the proper storage, treatment, and utilization of livestock manure. Pastured
animals offer limited opportunity for managing livestock manure to lessen greenhouse gas
emissions. The principal opportunities for altering manure management, therefore, occur in
dairy and poultry operations with confined livestock. Greenhouse emissions from broiler
chickens account for more than twice that of dairy cows, while the layer bird population
produces around one-sixth of the emissions.
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There are several ways that extension systems can help farmers to deal with climate
change. Extension services can help farmers to prepare for greater climate variability and
uncertainty, create contingency measures to deal with exponentially increasing risk, and
alleviate the consequences of climate change by providing advice on how to deal with
droughts, floods, and so forth. Extension can also help with mitigation of climate change.
This assistance may include providing links to new markets (especially carbon), information
about new regulatory structures, and new government priorities and policies. Discussed
below are ways in which extension can help with adaptation and mitigation:
Technologies and management information
Extension traditionally has played a role in providing information and promoting
new technologies or new ways of managing crop and farms. Extension also link farmers to
researchers and other actors in the innovation system. Farmers, extension agents, and
researchers must work together on farmers’ fields to prioritize, test, and promote new crop
varieties and management techniques. While extension must now go beyond such methods,
there is still a need for simple technology transfer in order to increase resilience to climate
change and mitigate GHG emissions. There is an increasing need for capacity building of
common farmers in quick management of climate originated risks. Farmers need to have
access to this kind of information- be it climatic information, forecasts, adaptive technology
innovations, or markets—through extension and information systems. However, this very
much a challenging task.
Extension agents can introduce locally appropriate technologies and management
techniques that enable farmers to adapt to climate change by, for example, developing and
disseminating local cultivars of drought-resistant crop varieties with information about the
crops ‘advantages and disadvantages. Additionally, extension staff can share with farmers
about their knowledge of cropping and management systems that are resilient to changing
climate conditions such as agro forestry, intercropping, sequential cropping, and no-till
agriculture.
Some of these practices have the added advantage of:
a) Resource management: Tree planting can also help to improve soil, Prevent soil
erosion, and increase biodiversity. It is important to provide farmers with
information about how the various options will potentially increase income and
yield, protect household food security, improve soils, enhance sustainability, and
generally help to alleviate the effects of climate change. At the same time, extension
staff can play an important role in transferring indigenous technical Knowledge to
help farmers worldwide. A core challenge for extension in the future is to shift
from providing packages of technological and management advice to, instead,
supporting farmers with the skills they need to choose the best option to deal with
the climate uncertainty and variability and to make informed decisions about if
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and how to engage in new markets for carbon emissions. Some farmers will also
need access to new technologies and management options in those areas where
Climate change renders their current farming systems enviable.
b) Capacity development: One of extension’s major activities over time has been
adult and non-formal education. This role continues today and is even more
important in the light of climate change. In addition, extension is also responsible
for providing information using techniques ranging from flyers and radio messages
to field demonstrations. Recent innovative extension activities include the adult
education and experiential learning approaches utilized in farmer field schools,
an extension and education approach already working with farmers on issues of
climate change. Climate Field Schools (CFSs) have been established
The Important Role of Extension Systems
Climate change will initiate extreme events like sudden onset disasters and new vectors
of human and livestock diseases. Evidences emerging that the biggest impacts will be in the
form of small droughts, floods, and other events that cause severe hardship but do not
attract the attention of the international community. The capacity of farmers to cope with
such different forms of risk will become ever more crucial, and extension efforts must pay
special attention to educating farmers about their options to enhance resilience and response
capacity. There is a need for capacities to engage new sets of actors, including humanitarian
agencies. Education must thus move beyond technical training to enhance farmers’ abilities
for planning, problem solving, critical thinking, and prioritizing, negotiating, building
consensus and leadership skills, working with multiple stakeholders, and, finally, being
proactive. Capacity development is important within extension as well. Extension agents
have traditionally been trained only in technical expertise and often lack “soft” skills such
as communication, development of farmer groups, systems thinking, knowledge management,
and networking. To improve outcomes in rural development, farmers and extension agents
need new skills that will require agricultural education and extension curriculums to include
valuing and understanding the knowledge and experiences of rural people and co-learning
(that is, farmers and extension agents learning together rather than extension agents training
farmers in a one-way information transfer). There are many different ways to inform and
educate farmers about adaptation options. Climate change adaptation funding should focus
on extension systems and programs that incorporate a good understanding of what practices
and skills are needed to best promote activities that help in the climate change effort and on
increasing the capacity of extension agents and farmers, where needed.
Facilitating, brokering, and implementing policies and programs
Another role of extension, which will be critical for climate change issues, is that of
acting as an honest broker, bringing together different actors within the rural sector.

152

Natural Resource Management for Enhancement of Adaptation and Mitigation Potential under Changing Climate

Traditionally this has meant
linking farmers to transport
agents, markets, and inputs
suppliers, with climate change,
it will be increasingly important
for the extension system to link
farmers and other people in rural
communities directly with
voluntary and regulated carbon
markets, private and public
institutions that disseminate
mitigation technologies, and
funding programs for adaptation
investments. Increased access to
meteorological information will
be imperative. Extension also Figure 1: Framework of a Combined Climate Variability
and Change Extension Programme
has an enormous challenge in
bringing together
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●
●
●

●
●
●

●

Develop climate action plans for country
Conduct community-wide greenhouse gas inventories of country
Develop methodologies to incorporate climate information and forecasts in
to Water Management Districts and their decision-making processes for water
withdrawals and allocations
Operate web-based climate information and decision support systems to
reduce agricultural production and natural resource management risks related to
climate variability and change
Determines carbon footprint of agricultural and food systems
Forecast forest fire risks
Addresses public health issues related to climate variability and change
Provides climate education professional development opportunities for country
extension faculty
Provides climate educational programs and curricula for youth
Design energy-efficient, low-impact communities
Changing planting or harvest dates are effective, low-cost options. The major
risk could be shifting to a different market window with lower prices;
Changing varieties is another low-cost option, although some varieties can be
more expensive or require investments in new planting equipment. Examples are
the development of new peanut varieties resistant to Tomato Spot Wilt Virus
(TSWV) disease, a major threat to peanut production in the southeast U.S., and
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the increased adoption of genetically modified cotton varieties resistant to certain
types of herbicides and pests;
Increased use of irrigation, fertilizer, herbicide, and pesticide may be necessary
to achieve maximum benefits from increased atmospheric CO2. Climate change is
also likely to increase weed and pest pressure in most cases ;
Changing crop species or livestock produced could bring new profits, but is a
risky and more expensive option because the necessary infrastructure or marketing
mechanisms may not exist locally;
Investments in new irrigation or drainage systems or other capital items are
likely to be essential if climate change increases climate variability.
Adoption of conservation and no-tillage practices;
Optimize crop rotations by using legumes, rotations crop-pasture, green manures;
Improved fertilization to stimulate biomass production and root growth;
Optimize manure management;
Promotion of land use shifts that enhance soil organic matter (e.g., forest,
wetlands), mixed cropping systems that combine annual and perennial crops (e.g.,
agroforestry). Technologies and management information
Capacity Development
Facilitating and Implementing Policies & Programs
Institutional linkages should be fostered for agricultural sustainability
Since climate change could exacerbate rainfall variability, close collaboration
between meteorological and Agricultural services will be necessary for a more
effective use of climate forecasts. Extension services need to be strengthened and
agents provided with the necessary equipments and logistics so that they can reach
farmers more easily with agricultural technologies for adaptation in the face of
changing climate.
Development of Special rural micro-credit Schemes :Because of the lack of
adequate rural financial facilities, small holder farmers have often been by-passed
by new Technologies. The agricultural bank that exists usually targets either big
commercial farms or comes up with Collaterals as pre-conditions for accessing
such loans. As such the loans should be free from interests and collaterals in order
for the poor farmer to access and adapt to the impacts of the climate change.
Improved Extension and information delivery:Information delivery is critical
in the process of enhancing the adaptive capacities of the rural areas to climate
Change. Information on weather or new technologies could be transmitted to the
farmers using rural radio and other
Media and gatherings such as traditional ceremonies. The rapid development
of mobile telephony is now opening up
New opportunities should be exploited fully to reach the otherwise remote and
unreachable areas.
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Existing technology options should be made more available and accessible
Climate change will almost surely make life even harder for the world’s poorest
and most vulnerable populations. Therefore, avoidance should be made in
restricting their capacity to adapt by limiting their options. Technology Options,
in particular, should become more available.
Human Capital Development
Agriculture needs to become professionalized with educational training
incentives and development of human capital. in the direction of crop and livestock
production. There is need for effective capacity to strengthen the most
Vulnerable group in agricultural production with requisite knowledge and
information necessary for climate change adaptation.
Climate Change Adaptation Funding.Climate change adaptation funding should
focus on extension systems and programs that incorporate a good understanding
of what practices and skills are needed to best promote activities that help in the
climate change effort

Adaptation:
●
Water conservation techniques (precision farming);
●
Increase (intensification) or reduce (intensification) land size cultivated;
●
Move to different site;
●
Increase irrigation;
●
Soil conservation;
●
Shading and shelter/mulching.
Farming Operations:
●
Planting of different crops;
●
Planting of different varieties;
●
Early planting;
●
Early harvesting when dry soil is expected;
●
Apply more or fewer inputs (fertilizers, agro-chemicals);
●
Different planting dates;
●
Treat seeds with fungicides before sowing;
●
Mixed farming;
●
Zero tillage;
●
Changes from crop production to livestock production.
Protection Measure:
●
Chance row orientation with respect to slopes;
●
Apply soil amendments e.g. farm yard manure;
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●

Increase fertilizer application three days prior to sowing.

Household Livelihood:
●
Undertake non-farm economic activities;
●
Avoid selling remaining food stocks;
●
Reduce expenditure;
●
Ration food;
●
Migrate.
Education and Finance:
●
Access to extension facilities;
●
Access to credit facilities;
●
Government policies and on increasing the capacity of extension agents and
farmers, where needed.
●
farmers’ concerns and those of other actors as they address both
It is well established that climate change poses a serious threat to agricultural
production, particularly on rain-fed agriculture. For instance, climate change results in stunted
growth and low yield of food crops, late fruiting of tree crops, easy spread of pests and
diseases attacks on crops and livestock. Recommended adaptation or coping strategies to
climate change include, inter alia; water conservation techniques (precision farming); planting
of different crops/varieties, mixed farming and early planting.. Adding the perspective of
climate change to the existing program is an attractive option given the existing focus on
developing adaptation strategies and training of stakeholders to add seasonal climate
variability as part of their decision making process. Dissemination and promotion of
mitigation strategies should also be included, especially strategies that increase the efficiency
of inputs, improve soil quality, and may allow the participation of producers in the carbon
trading market.
The first step towards developing a climate change Extension program should be to
undertake initial or ex ante assessment to understand farmers’ perceptions, attitudes, longterm goals, and other cognitive and decision-making information through participatory
methods. Once enough data has been elicited and analyzed, we may start to developing
adaptation and mitigation strategies targeting and end-goal of economic and ecological
sustainability.
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Decision support systems in brining climate resilience
to agriculture
US Saikia and B Goswami
ICAR Research Complex for NEH Region, Umiam 793 103, Meghalaya

Climate change refers to the changes in the average state of the atmosphere over time
scales ranging from decades to millions of years in regional or global scale. Though climate
change is a natural phenomenon, the current climate change is taking place at a very rapid
pace and that is the main issue of concern. The signs of adverse affects of climate change
are increasingly becoming evident and agriculture is one of the major sectors, which is
struggling to adjust with such rapid changes. The biological system has its inherent capacity
to adjust itself to the changes in the external environment. But, it is a time taking process
and hence, the rapid climate change is creating worldwide threat to both floral and faunal
diversity apart from creating severe threat to global food security.
Global and India scenarios of climate change
Every year, humanity releases 8 billion tons CO2 to atmosphere (6.5 billion tons from
fossil fuels & 1.5 billion tons due to deforestation). Nearly, 50 % (3.2 billion tons of CO2)
remains in the atmosphere to warm up the planet. In 2013, the CO2 concentration has reached
its highest level i.e. 401 ppm compared to 280 ppm in 1750. As a result, the global temperature
is likely to rise by 1.4–5.8°C during the 21st century; with rise in sea level by 0.09–0.88 m.
Variation in climatic pattern has been witnessed with frequent occurrence of drought, flood,
cyclone, extended and untimely snowfall etc.
Researchers have found non uniform variation of climate change in India. If, some
area is witnessing increase in rainfall (West coast, northern AP and NW India), opposite is
happening in some other areas (eg. NE India and eastern MP). India witnessed increase in
surface air temperature by 0.51 °C during 1901-2007 and the average temperature has risen
by 0.2 °C per decade during 1971-2009. Deglaciation in the Himalayas and sea level rise in
Indian Ocean @1.63 mm/year during 1993-2009 are other noticeable changes recorded as a
result of rapid climate change in India.
Causes of climate change
There are different views on causes of rapid climate change. But, in general, the
causes of the change may be categorized in to two broad categories, viz., Natural (volcanoes,
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ocean current, sunspot cycle & solar flare etc.) and Anthropogenic/manmade factors (change
in land use pattern, burning of fossil fuel leading to increasing concentration of GHG’s,
industrialization, urbanization and deforestation). These factors are gaining importance
mainly since the industrial revolution got started in the western countries.
Consequences of climate change
Weather/climate is the driving force for success or failure of cropping/farming systems.
Climate change is likely to have both positive and negative consequences. The positive one
is that increasing concentration of CO2 will lead to high rate of photosynthesis, mostly in C3
plant like rice. The temperate regions of the world may be able to grow tropical crops due to
increasing atmospheric temperature. But, increasing cloudiness is likely to reduce appropriate
solar insolation leading to poor yield realization. Further, high temperature during the
reproductive stage may adversely affect the dry-matter partitioning by reducing rate of net
photosynthesis. In India, wheat crop is frequently facing the intense heat wave condition
during its grain filling and ripening period (March-April) impacting wheat productivity
very adversely. Besides, frequent droughts, floods, heat/cold waves, cyclones etc. have
become more destructive impacting the economy as a whole. New pathogens & insects are
likely to emerge due to climate change. In India, increasing sea & river water temperature
are likely to affect fish breeding, migration and harvests. Human migration across political
boundaries due to fall out of climate change is also one of the greatly debated serious
consequences of the current time.
Climate change trends in North East India
The NE region has a mean minimum/maximum summer season temperature of 23/31
0
C and 9/24 0C during winter. It receives an average 1000–2000 mm of rainfall during the
summer and about 200 mm during winter. Under changing climate the projected increase in
minimum and maximum temperature in NE Region, during summer, is about 2 °C by 2030.
The summer rainfall is also likely to reduce by about 10%. On the other hand, during winter
projected increase in temperature is about 2.5 °C and remains rainless mostly.
Although the contribution from agriculture sector towards gross domestic product
has declined, yet it remains the predominant sector for Indian economy. Over 75% of the
people of the NE India directly depend on agriculture for their livelihood. Therefore, better
performance of agriculture has a direct and multiplier effect across the economy of the
region. Because of climate change the rainfed agriculture is facing a greater risk as it is
resource poor and having limited flexibility for adaptation. Under changing scenarios there
is increase in demand for fresh water and nutrient requirement, increase in soil erosion &
nutrient losses affecting soil health, intensification of pest, disease and weed problems,
reduction in nutritional quality and low input use efficiency.
A study done at ICAR, Umiam has reveled that, the average monsoon rainfall/rainy
days in NE region has decreased from 900-3000 mm/65-91 days (1951-90) to 850-2350
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mm/57-85 days (1991-07). Significant decrease in rainfall is noticed in Ukhrul and Senapati
districts of Manipur and Phek, Zunheboto and Wokha districts of Nagaland. The reduction
in rainy days is highly significant for all the districts of Nagaland; upper Assam districts of
Tinsukia, Dibrugarh; and Tirap, Changlang, Lower Dibang valley districts of Arunachal
Pradesh. This is resulting in early/mid/late season water stress and reduction in crop yield.
Role of decision support systems in adaptation & mitigation
According to the agricultural experts sustainable livelihood could be achieved by
harnessing local resources available in a given agro-climatic situation. In general, adaptation
in rainfed agriculture may be brought about by introduction of improved climate resilient
cultivars, modifying existing cropping pattern and diversification, rational irrigation and
resource conservation technologies. Increasing scientific and social awareness among the
farmers to educate and prepare them to face the consequences of climate change is an integral
part of overall adaptation strategy. Easy access to inputs, markets, microfinance and insurance
facilities are other key terms of such policies.
Growth and development of biological world is highly regulated by the atmospheric
forces. Being an agricultural scientist, one always likes to know how different processes in
a living system are regulated by the environmental forces, eg. germination through flowering
up to maturity and eventual dying in plants. The outcome of such exploration has led to
discovery of various complex processes like photosynthesis and respiration etc. For easy
understanding of a system scientists have quantified each individual process, transform
them into some logical mathematical expressions. These processes are systematically arranged
and linked to each other as well as to the external factors, to mimic a complete real system.
This has led to the beginning of crop growth simulation models. Simulation is mimicking of
a real world system in a virtual environment. This is an improved tool to understand the
functioning of a plant in the computer with the same precision as if it has been grown
actually in the field. There is a host of crop growth simulation models developed for different
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crops including rice, maize, wheat, legumes, oilseeds, vegetables etc. A number of such
individual models are embedded in a single platform for easy imposition/testing of various
management and environmental conditions on the growing environment, and it facilitates
the process of decision making by the user groups. Examples of commonly used such
platforms are DSSAT, InfoCrop, AquaCrop etc. These are also called ‘Decision support
systems’.
Applications of crop simulation models are numerous. Accuracy of model prediction
depends on the precision taken in assumption and experimentation. Calibration of any model
with respect to selective cultivar and climatic condition followed by validation are to be
carried out before taking up any application of the same. As developing a simulation model
involves lot of expertise, time and cost, one need to calibrate the existing models in line
with his location, crops and climate. A simulation study done with DSSAT model has
envisaged that upland rice productivity in Meghalaya is likely to increase by 5-7% by 2020
if maximum temperature increased by 2 °C and level of CO2 reached 450 ppm.
With increasing risks involved in farming is brought about by climate change, the
modeling approach is likely to play a major role in assessing the vulnerability of existing
agricultural systems, both in irrigated and rainfed environments. Most of these models are
equipped with provisions to impose/create extreme conditions of weather- eg. change in
rainfall pattern, extreme rainfall, high/low temperature during critical growth stages, flood/
drought etc. It is also possible to track the growth and development processes by incorporating
real time weather data on day to day basis. We can find out most suitable crop, cultivar,
sowing window, fertilizer application options either for a single crop or crops in succession.
Regulated and judicious application of irrigation water helps to enhance water productivity.
Hence, crop growth simulation models may be used effectively to evolve strategies of suitable
adaptation to climate change through changes in farming practices, and cropping patterns,
which may, in turn, help to ease out the impact of climate change on the farming community.
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Introduction
‘Mangrove’ has been the term variously defined in literature. The oxford dictionary
mentioned the words ‘mangrove’ and ‘mangrowe’ since 1613, indicating tropical trees or
shrubs found in coastal swamps with tangled roots that grow above the ground. Later, the
term ‘mangrove’ was referred to the individual plant of tidal forest or both, as ‘Mangrove
plants’ and ‘Mangrove ecosystem’ (MacNae, 1968). Chapman (1976) used the term
‘mangrove’ for inter tidal plants, and considered plant communities of inter tidal forest as
mangrove ecosystem called ‘mangal’. The term ‘mangal’ was also commonly used in French
and in Portuguese to refer to both forest communities and to individual plants. Several
workers have opinioned that plants growing in between the highest and the lowest tidal
limits may be considered ‘mangrove’(Davis, 1940; Aubreville, 1964; MacNae,loc.cit.; Blasco,
1975, 1977; Grzimek et al., 1976; Clough, 1982; Tomlinson, 1986 and Naskar and
GuhaBakshi, 1987), the tidal limits of various habitats, however, can vary.
Saenger et al. (1983) listed 60 mangrove species growing exclusively in the tidal
zones, as ‘true mangroves’. Mepham and Mepham (1984) suggested that any arborescent
species growing in the tidal zones might be referred to as “Potential mangrove” or ‘Frequent
mangrove’. Tomlinson (1986) recommended that mangrove species were basically of two
types, viz., (1) Major element of mangals or true mangroves – with completefidelity to the
mangrove environment, and (2) Minor element of mangals – not conspicuous in mangrove
habitats, rather might prefer the peripheral habitats of mangrove regions. Later, Li and Lee
(1997) used two terms, viz., ‘true mangrove’ and ‘semi mangrove’. Subsequently, several
workers, coined the term ‘Mangrove associate’ for the flora representing nonarborescent,
herbaceous, sub-woody and climber species, found growing mostly in regions bordering
the tidal periphery of mangrove habitats.
Lear and Turner (1977) discussed habitat diversityin mangroves on the basis of tidal
fluctuation. They observed that mangrove vegetation is found between MSL (Mean Sea
Level) and HATL (Highest Astronomical Tide Level). They recommended that mangroves
might be subdivided into two groups: (i) Major mangroves zone - between the MSL and
MHWSTL (Mean High Water Spring Tide Level), and (ii) Minor mangroves zone - between
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MHWSTL and HALT.World-wide, Chapman (1976) reported 90 species representing
mangroves, Saenger et al., (1983) recorded 83 species, UNDP/UNESCO (1986) reported
65 species, and Tomlinson (loc.cit.) mentioned only 48 mangrove species, out of which 40
were considered true mangroves found in the Old world Tropics (Indo-West pacific region)
and 8 true mangroves from the New world Tropics.
Habitat diversity in Indian mangroves
India with a long coastline of about 7516.6 km, including the island territories has a
mangrove cover of about 6,749 km2, the fourth largest mangrove area in the world (Naskar
and Mandal, 1999). Many researchers have tried to classify Indian mangrove habitat, based
on tidal range and geo-morphological characters. Based on Thom’s (1982) classification of
coastal habitats, the Indian mangrove habitats are categorized as below:
(a) Deltaic mangrove habitat
It is characterized by high tidal range with associated strong bi-directional tidal
currents. These currents are responsible for the dispersion of sediments brought to the coasts
by rivers and the main river channels, which are funnel, shaped and are fed by numerous
tidal creeks. It includes the major estuaries of East coast and two gulfs of West coast and
Gujarat.
(b) Coastal mangrove habitat
It is characterized by low tidal range. River discharge of fresh water and sediments
lead to rapid deposition of terrigenous sands, silts and clays to form deltas. These deltas
build seawards over flat offshore slopes composed of fine-grained pro-delta sediments. It
includes the inter-tidal coastlines, minor river mouths, sheltered bays and backwater areas
of the West coast.
(c) Island mangrove habitat
It is commonly found at the mouths where rivers are seen to border the open sea.
Neither marine nor river deposition has been sufficient to fill up what is an open estuarine
system. Sometimes the bedrock of onshore area has been drowned by a rising sea level. It
includes shallow but protected inter tidal zones of ‘Bay Islands’ and Lakshadweep Atoll.
Mandal and Naskar (2008) reviewed mangrove habitats of India, considering geomorphological characters:
(d) East coast mangrove habitats:
Sundarban mangrove forest (SF), Ganga delta, West Bengal; Subarnarekha mangrove
forest (SM), Bhitarkanika mangrove forest (BF), Mahanadi delta, Orissa; Godavari and
Krishna delta (G&KD), Andhra Pradesh; Pichavaram Estuary (PE), Cauvery Estuary,
Tamilnadu are considered to fall under deltaic mangrove forest, situated at the mouth of
respective major rivers carrying freshwater, facing Bay of Bengal by North to South and
North-West to South directions (Jagtap et al., 1993; Mandal, 1996; Sanyal et al., 1998;
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Untawale and Jagtap, 1992). They cover about 4700 km2 or 70% of the total mangrove area,
and are rich in mangrove species. In East coast habitats, SF of Indian part alone covers
about 4200 km2 (Govt. of India, 1987), while the undivided Sundarbans (including Bangladesh
part, BDF) is the largest single mangrove block in the world (Blasco, 1977).
(e) West coast mangrove habitats:
Cochin estuary (CE), Kerala; Coondapur/Malpe area (C&MA), Karnataka; Zuary
estuary (ZE), Goa; Bombay mangrove creeks (BM), Maharashtra; and Bhabnagar estuary
(BE), Gujarat, are considered to fall under coastal mangrove habitats in the inter tidal zones
along with mouths of minor rivers or minor estuaries and back waters, facing Arabian sea
by North-East to West and East to West directions. They altogether occupy about 850 km2
(12% of the total Indian mangrove area), though Sidhu (1963) once mentioned the cover at
about 1140 km2. The mangrove vegetation is sparse, less extended, and confined to patches
due to scanty upstream freshwater supply, excessive amount of silt-clay deposition, low
average rainfall and relatively low tidal fluctuation (Blasco and Aizpuru, 1997; Naskar and
GuhaBakshi, 1987; Untawale, 1984).
(f) Andaman & Nicobar and Lakshadweep islands:
Andaman and Nicobar Islands (A&N) and Lakshadweep Atoll (LA), comprising more
than 200 and 37 islands, respectively harbour island mangroves. This is the second largest
mangrove coverage, estimated at about 1199.6 km2 or about 18% of the total Indian mangrove.
Tall dense mangrove forest occurs in A&N Islands due to favourable climatic conditions
such as short dry season and high tidal fluctuation, heavy amount of rainfall (Blasco and
Aizpuru,loc.cit.; Dagar et al., 1991; Naskar and Mandal, 1999). On the other hand, small
and sparse mangroves with stunted growth are reported from LA (Newberri and Hill, 1981;
Spicer and Newberri, 1979).
Blasco (1975), following Aubreville’s view (1964), divided Indian mangrove habitats
into two groups based on the tidal range:
a) Swampy mangroves - situated below the high tidal level and submerged by sea
water twice a day.
b) Tidal mangroves - inundated only during spring tide and sometimes by
unprecedented sea surges.
Mandal and Naskar (2008) have further classified the inter-tidal vegetation into three
categories, on the basis of their morpho-anatomical characters representing adaptation to
halophytic condition.
(a) Major Mangroves: these floras obviously grow in anaerobic soil, get inundated
twice a day, can tolerate high salinity in water and seem to withstand halophytic
habitat in the coastal region of the tropical world.
(b) Mangrove associate: theses floras grow in the fringe area of mangrove swamps,
get inundated 1-5 times per fortnight during spring tide and are also found growing
in mesophytic habitat.
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(c) Back mangals: these floras generally grow in mangrove adjacent area and get
inundated during high spring tide at rainy season.
Mangroves of India
According to Forest Survey of India (FSI, 1999), a total of 487,000 ha of mangrove
wetlands are present in India. Among these, 56.7% (275,000 ha) is present along the east
coast, and 23.5% (1, 14,600 ha) along the west coast, while the remaining 19.8% (96,000
ha) is present in the Andaman and Nicobar Islands (Selvam, 2003). The mangroves dispersed
along the east coast of India are diverse than those of the west coast (Ahmad, 1972). In
addition to lack of large west-flowing rivers the coastal area of the west coast is tapered and
steep in slope due to presence of Western Ghats. Thus, mangrove wetlands of the west coast
of India are diminutive in size, with not much of diversity and less complicated in terms of
tidal creek network, whereas on the east coast, wetlands are larger, high in diversity, having
large brackish water bodies and a complex network of tidal creeks and canals (Selvam,
2003).
Indian coasts fall within the bounds of the tropics, which measures about 7516.6 km.
and are distributed among nine coastal states and four Union Territories (Anon, 2001). Of
this, over 22.6% of the total length of the coasts of India is of islands (Andaman and Nicobar,
Lakshadweep and Diu Islands). The climate along the Indian coast varies from one that of
true tropical region in south to that of sub-tropical and arid environment in Kachchh in
northwest. Rainfall varies from only 300 mm in the semi-arid region of Kachchh in western
part of Gujarat State to average maximum of 3200 mm in Andaman-Nicobar Islands in
south. On the eastern coast, there are gigantic deltas of the Ganges-Bramhaputra, KrishnaGodavari, Mahanadi, and Cauvery, which support large area of river estuaries and excellent
growth of tidal forests. Most of the rivers in India flow to east-coast in the Bay of Bengal
and carry tremendous amount of silt during monsoon. The coastal habitats, especially
mangroves in India have strong linkages with coastal environment and are considered
important areas for sustenance of the coastal communities.
Realising the importance of mangroves, the Government of India declared them as
ecologically sensitive areas and provided legal protection under various legislations. The
Ministry initiated plan on conservation and management of mangroves and coral reefs in
the year 1986 and constituted a National Committee to advise the Government on relevant
policies and programmes. On the recommendations of this committee, 31 mangrove areas
in the country have been identified for intensive conservation. To provide protection to
ecologically important areas, India initiated action through state governments to create
network of the Marine Protected Areas (MPAs) under Wildlife (Protection) Act, 1972. Over
half of the total mangroves in the country are already managed in over a dozen MPAs
(Singh 2002). The Government of India has also notified three Biosphere Reserves;
viz., Sundarban in West Bengal, the Great Nicobar Island in southern most islands of
Andaman and Nicobar archipelago and the Gulf of Mannar in Tamil Nadu, in marine
environment which also support mangroves.
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The most luxuriant growth of mangrove with the greatest diversity is in the IndoPacific region. The Sundarbans, a ‘World Heritage Site’ in India and Bangladesh, account
as the largest single mangrove unit globally. The area under Sundarbans was large in the
past, but has been reduced to the present level due to degradation that took place during last
two hundred years (WWF, 1992). Logging operation, aquaculture, reclamation of swamps,
paddy cultivation on the east coast of India and salt production on the west coast are the
main reasons for degradation, resulting into shrinking of tidal forests throughout the Indian
coast. Series of conservation measures were initiated in late 1980s which has resulted into
control of degradation and recovery in some states like Gujarat where the mangroves have
expanded to more than double of its extent in the last two decades (Singh, 2000). This has
been ascertained by a remote sensing study which has reported recovery of mangroves in
India during last decade from 4,244 sq. km in 1991 to 4,871 in 1999 (FSI 1999).
Among various types of coastal wetlands, tidal mudflats (23,620 sq. km) and
mangroves (4,871 sq. km) have major share. India harbours some of the best mangroves in
the world which are located in the alluvial deltas of rivers such as the Ganga, the Mahanadi,
the Godavari, the Krishna and the Cauvery as well as on the Andaman and Nicobar groups
of Islands (FSI, 1999; Singh, 2000). Over a dozen Marine Protected Areas in India cover
over half of the total mangroves of the country. Out of eight states and union territories
which support mangroves, West Bengal (2,115 sq. km), Gujarat (1,031 sq. km), Andaman &
Nicobar Islands (966 sq. km), Andhra Pradesh(397 sq. km), Orissa(215 sq. km) have
maximum areas of mangroves (FSI 1999).
Species diversity in Indian mangroves
Although halophytes represent only 2% of terrestrial plant species, they are present
in about half the higher plant families and represent a wide diversity of plant forms estimates
of the number of species considered ‘mangrove’ in the world, range from 48 to 90, and in
India from 50-60; however Mandal and Naskar (2008) estimated 82 species of mangroves
distributed in 52 genera and 36 families from all the 12 habitats in India (Fig.1.1).
With (90%) Relative Mangrove Density (RMD) Sundarban mangrove forest (SF),
West Bengal, shows the highest taxa diversity: 69 species, 49 genera, 35 families, including
two species, viz. Scyphiphora hydrophyllacea and Atalentia corea reported for the first time
from Indian Sundarbans (Mandal et al., 1995). In addition, Acanthus volubilis, which was
regarded as extinct, has been recorded again with its very limited population existing in
confined location. This species has not been reported from any other mangrove habitat in
India. Importantly, it has been found that both the mangrove palms: Nypa fruticans and
Phoenix paludosa are largely restricted to Sunderban mangrove area and to Andaman &
Nicobar Islands; the latter species also occurs in Bhitarkanika mangrove forest. Other habitats
have the following diversity: Subarnarekha mangrove forest (SM): 18 species, 14 genera,
11 families; Bhitarkanika mangrove forest (BF): 57 species, 37 genera, 29 families, including
one new species Heritieraka nikensis (Banerjee, 1984) and with relatively higher number
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of true mangroves; Godavari & Krishna delta (G&KD): 36 species, 26 genera, 21 families;
Pichavaram mangrove estuary (PE): 35 species, 26 genera, 20 families, including one new
species Rhizophora annamalayana Kathir., the hybrid of Rhizophora apiculata x Rhizophora
mucronata (Kathiresan, 1995). Naskar (1993) has reported more than 60 mangrove species,
including 25 major mangroves in East coast zones. In the West coast, Cochin estuary (CE)
with 32 species, 24 genera, 19 families, despite negligible area coverage, has the second
highest number of species after Zuary estuary, Goa, which has the highest numbers: 33
species, 25 genera, 19 families, among habitats in the West coast. Coondapur and Malpe
area (C&MA) has 22 species, 16 genera, 12 families; Bombay mangroves (BM) has 29
species, 21 genera, 16 families, including Salvadora persica, a mangrove associate herb
growing only in two habitats (BM and BE). Bhabnagar estuary (BE) has 26 species, 19
genera, 15 families. Andaman & Nicobar Islands (A&N) harbour 61 species distributed in
39 genera and 30 families, including two new species, Rhizophora lamarkii and Rhizophora
stylosa (Singh et al. 1987), and has the maximum species of the genus Rhizophora (four
species). Lakshadweep Atoll (AL) has eight species distributed in five genera and three
families (minimum RMD 9.4%).
Taxonomically Indian mangroves are members of families such as Rhizophoraceae,
Avicenniaceae, Sonneraceae, Combretaceae, Arecaceae, Sterculiaceae, Meliaceae,
Euphorbiaceae, Rubiaceae, Agialitidaceae and Poaceae. Mangroves from these families are
considered ‘major mangrove’. All species belonging to families such as Acanthaceae,
Tiliaceae, Asclepediaceae, Malvaceae, Chenopodiaceae, Loranthaceae, Aizoacae,
Boraginaceae, Verbenaceae, Amaryllidaceae, Convolvulaceae, Rubiacae, and Pteridaceaeare
considered as ‘mangrove associate’, while members of the families Fabaceae, Solanaceae,
and Rutaceae are considered ‘back mangals’(Mandal and Naskar, 2008).
Out of 34 species from the West coast, 28 species of mangroves and their associates
have so far been reported along the 720 km length of the coast of Maharashtra. Mangrove
forests in the state reveal three strata – ground cover, shrub stratum and tree stratum.
Ground cover
The ground cover comprises species like Sesuvium spp., Suaeda spp., Aeluropus spp.,
Salicornia spp. and Porteresiacorarctata spp. along with Acanthus illicifolius. These species
except Porteresiacorarctata spp. form a continuous ground cover in the area that are less
frequently inundated; while Porteresia spp. can be observed along the seaward zone of
mangroves.
Shrub stratum
It comprises short growth of Avicennia spp. and shruby growth of Ceriops spp.,
Aegiceras spp., Bruguiera spp., Lumnitzera spp., Kandelia spp. and Excoecaria spp. Many
creek, estuaries and backwater areas studied, showed extensive degradation leading to low
canopy vegetation mostly dominated by Avicennia marina, Ceriops tagal, Rhizophora
mucranata and Sonneratia alba.
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As one goes southwards
along the coast of Maharashtra,
there are a number of
undistributed mangrove areas
which display a distinct
zonational pattern of mangrove
vegetation. These are the
regions where the third stratum
– the tree stratum is found
intact. The height of the
mangroves in these areas is
more than 3-4 metres and some
of the trees reach a height even
upto 10 meters. Some of the
common trees are Avicennia
alba, Avicennia officinalis,
Bruguiera
gymnorhiza,
Excoecari
aagallocha,
Rhizophora
apiculata,
Rhizophora
mucronata,
(Source: Mandal and Naskar, 2008)
Sonneratia
alba
and
Sonneratia apetala.
Mangrove forests currently occupy 14,650,000 ha of coastline globally (Wilkie and
Fortuna, 2003), with an economic value on the order of 200,000 to 900,000 USD ha_1
(UNEP-WCMC, 2006). Regardless of their monetary value, mangrove ecosystems are
important habitats, especially in developing countries, and play a key role in human
sustainability and livelihoods (Alongi, 2002), being heavily used traditionally for food,
timber, fuel, and medicine (Saenger, 2002). These tidal forests are often important nursery
grounds and breeding sites for birds, mammals, fish, crustaceans, shellfish, and reptiles; a
renewable resource of wood; and sites for accumulation of sediment, nutrients, and
contaminants (Twilley, 1995; Kathiresan and Bingham, 2001; Manson et al., 2005). It is
also believed that mangroves offer protection from waves, tidal bores, and tsunamis, and
can dampen shoreline erosion (Mazda et al., 2007).
Halophytes are salt-tolerant plants (micro and macro) that can prosper in seawater or
brackish waters and are common feedstock for fuel and food (fuel-food feedstock) in
depressed countries (Hendricks and Bushnell, 2008). Because of their diversity, they have
been regarded as a rich source of potential new crops. They have been tested as vegetable,
forage, and oilseed crops in agronomic field trials. The most productive species yield 10 to
20 ton/ha of biomass on seawater irrigation, equivalent to conventional crops. The oilseed
halophyte, Salicornia bigelovii, yields 2 ton /ha of seed containing 28% oil and 31% protein,
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similar to soyabean yield and seed quality (Glenn and Brown, 1999). Halophytes also have
applications in recycling saline agricultural wastewater and reclaiming salt-affected soil in
arid-zone irrigation districts (Glenn and Brown, loc.cit.).
Mechanisms of salt tolerance in halophytes
Higher plants, especially those of agricultural interest, are glycophytes that are not
able to survive at high salinity. However, a number of them, recognized as halophytes growing
in either saline coastal ecosystems (salt marsh habitats) or saline inland ecosystems have
evolved a number of adaptive traits expressed at various levels of organization, which allow
them to germinate, grow and achieve their complete cycle of development under such harsh
conditions (Flowers et al., 1977, 1986). Flowers et al. (1997) reported that seven percent of
the land’s surface and five percent of cultivated lands are affected by salinity. According to
Ashraf (1999) salt stress is one of the most serious environmental factors limiting the
productivity of crop plants.
Saline habitat imposes a great deal of stress on plant metabolism and growth (Flowers
et al., loc. cit.). Hence both ecologists and plant physiologists have long been interested in
studying the effect of salinity on plants. As a result extensive studies have been carried out
on eco-physiological adaptations of halophytes in the recent times and large amount of
literature has been published on them. Some of the most important reviews have been written
by Waisel(1972), Navalkar (1973), Walter (1973), Poljakoff- Mayber and Gale (1975), Wyn
Jones et al., (1977), Epstein(1980), Greenways and Munns (1980), Sen and Rajpurohit
(1982), Flowers et al. (1986), Flowers and Yeo (1986), Yeo (1998), Glenn and Brown,
(1999) and Kronzucker and Britto (2011).
The ability of halophytic plants cells to maintain low cytosolic sodium concentrations
is believed to be an essential process associated with the ability of these plants to grow in
high salt concentrations (Borsani et al., 2003). In addition numerous mechanisms of salt
tolerance in halophytes are now proposed, which can be classified as halophytes response
to salt stress at three different levels- cellular, tissue and the whole plant level (Epstein,
1980).
Cellular adaptations of halophytes to high salinity
(a) Osmotic adjustment: osmolyte, osmoprotectant &aquaporine production
Salt negatively affects the water flow towards plant roots, owing to a decrease in
water permeability of thesoil, and reduces water conductivity of plant roots. As a result, cell
membrane permeability drops and influx of water to the plant is reduced (Waisel, 1972).
The collection of salt from the cytoplasm into the vacuole creates a strong osmotic gradient
across the vacuolar membrane. This gradient is balanced by an increase in the synthesis of
solute molecules in the cytoplasm, a process known as osmotic adjustment (Wyn Jones and
Gorham, 1983; McCue and Hanson, 1990). Osmotic adjustment is regarded as an important
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adaptation of plants to salinity because it helps to maintain turgor and cell volume. An
immediate metabolic response to salt stress is the synthesis of compatible osmolytes. These
mediate osmotic adjustment and therefore protect sub-cellular structures and reduce oxidative
damage caused by free radicals, produced in response to high salinity (Hong et al., 1992,
Hare et al., 1998). A variety of so called compatible solutes have been identified, characterised
as having roughly similar properties, a low polar charge, high solubility and large hydration
shell (Paleg et al., 1985) Because of these rather distinctive properties, apart from contributing
to the maintenance of cell turgor, compatible solutes are believed to stabilize the active
conformation of cytoplasmic enzymes thereby protecting them against inactivation of
inorganic ions (Pollard and Wyn Jones, 1979; Smirnoff et al.,1990 ) Compatible solutes
include compounds such as Sorbitol (Briens and Larher, 1983), pinitol (Thomas and
Bohnert,1993), proline (Shen et al., 1994), mannitol (Everard et al., 1994), glycine
betaine(GB) and other related tertiary and quaternary ammonium compounds and sulphonium
compounds (Rhodes and Hanson, 1993; Hanson and Burnet, 1994).
Glycine betaine (GB), a stabilizing osmolyte, helping to preserve macromolecules
under dehydration stresses, giving rise to its name as an ‘osmoprotectant’ (Yancey, 1994).
In many species of halophytic Poaceae and Chenopodiceae, GB is seen to accumulate, but
does not do so in most crop species (Flowers et al., 1986).Some of the Australian halophytic
Melaleuca species are salt tolerant, which have been attributed to their ability to accumulate
large quantities of osmoprotectants known as proline analogues (Naidu, 2003). Recent
elucidation of a class of membrane proteins termed aquaporins, hints at the existence of
some possibility for intracellular compartmentalisation of water (Maurel, 1997).In halophytes
these pore-forming proteins conduct water molecules across membranes. In terms of salt
tolerance, such aquaporins could be a mechanism for maintaining osmotic homeostasis and
turgor in the cells of salt stressed plants.
(b) Enzyme responses
A number of enzymes isolated from halophytes are sensitive to sodium chloride (NaCl)
when assayed in vitro, at lower concentrations of NaCl than were present in their tissues as
a whole (Flowers, 1977).
In the highly vacuolated tissues of Suaeda maritima concentrations of 0-250 mMCland Na+ have been reported in chloroplasts and 280mM in the cytoplasm (Munnset al.,
1983). These concentrations are high considering the in vitro activity of many enzymes,
including those involved in protein synthesis, are inhibited at 200-400 mMNaCl (Munns et
al., 1983). This suggests that a higher salt tolerance of metabolism in vivo rather than in
vitro may occur due to increase in substrate concentration, and increase or decrease in
levels of enzymes involved in intermediate metabolism. The ability of halophytes to grow
in highly saline conditions probably involves such subtle changes, as there is little evidence
that there is any inherent difference in salt tolerance between enzymes isolated from
halophytes and non-halophytes.
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(c) Ion compartmentalization and selective transport
Ion regulation in a variety of halophytes has been studied by Osmond (1963), Laetsch
(1974) and several others. The ability of plant cells to maintain low cytosolic sodium
concentrations is thus an essential process for halophytes (Borsani et al, 2003).NaCl is
excluded from the phloem, therefore not reaching plant flowers and seeds internally. However,
leaves being fed by the transpiration stream, receive large quantities of sodium, which must
be therefore regulated constantly (Winter, 1982).Plant cells respond to salt stress by increasing
sodium efflux at the plasma cell membrane and sodium accumulation in the vacuole.
Recent studies on uptake of ions in halophytes have identified several pathways such
as sodium entry into cells (Zhu, 2000) and cloning of Na+/H+antiporters (Ohta et al., 2002)
have demonstrated the role of intracellular sodium compartmentalisation in plant salt
tolerance (Fig 1.2).

Fig.: 1.2 Proton pumps and antiporters of plasma membrane and tonoplast. The primary active PATPase energizes the plasma membrane for secondary active transport of Na+ by Na+/H+ antiport
to the cell wall, and the primary active V-ATPase and V-PPase energize the tonoplast for secondary
active transport of Na+ by Na+/H+ to the vacuole. (Rodriguez-Navarro, 2000)

The transport of ions across the plasma membrane and tonoplast requires energy,
which is provided by vacuolar and plasma membrane ATPase (Leigh,1997).Sodium ions
are exchanged for hydrogen ions across a membrane as membrane Na+/H+ antiporters take
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advantage of the proton gradient formed by these pumps(Mansour et al., 2003).(Fig.1.2).
Salt stress was shown to increase Na+/H+ activity in glycophytes and halophytes (Garbarino
and Dupont, 1988; Apse and Blumwald, 2002). The activation of such antiporters is therefore
likely to be operating to reduce sodium toxicity in salt tolerant plants under saline conditions.
Salt tolerance requires not only the adaptation to sodium toxicity, but also the
acquisition of potassium (an essential nutrient) (Rodriguez-Navarro, 2000) whose uptake is
affected by high external sodium concentration, due to the chemical similarity of the two
ions. Therefore, potassium transport systems involving good selectivity of potassium over
sodium can also be considered important salt tolerance determination in halophytes at cellular
level (Rodriguez-Navarro, loc.cit.).
(d) Hormone signalling
Kinetin is reported to promote the uptake and incorporation of amino acids into proteins
in NaCl stressed tissues (Kahane and Poliakoff Mayer, 1968). Salt stress, along with water
and cold stresses, increases biosynthesis and accumulation of abscisic acid (ABA) in higher
plants (Taylor et al, 2000). Also the increased ABA content is accompanied by an
improvement in K+/Na+ ratio (Bhora et al., 1995), leading to increased salt tolerance. The
factor responsible for initiating such an increase in ABA biosynthesis remains elusive,
requiring further research.
Tissue adaptations of halophytes to high salinity
(a) Succulence
One of the most noticeable features of halophytes is the correlation between uptake
of alkali ions and whole plant succulence (Waisel, 1972), with the aim of balancing out ion
toxicity created in saline conditions by increasing the total plant water content. Succulence
is seen as an increase in cell size, decrease in extension of growth, decrease in surface area
per tissue volume, and high water content per unit of surface area (Siew and Klein,
1969).Succulence leads to thick leaves, mainly owing to an increase in the size of their
mesophyll cells. Such leaves also have smaller intracellular spaces. The leaves not only
have more mitochondria but are large in size too, evidencing that extra energy is needed in
these plants for salt compartmentalisation and excretion (Siew and Klein, 1969).
(b) Salt excretion
Halophytes utilise salts in osmotic adjustment to the low water potentials of their
environments. They must accumulate sufficient ions in their leaves for this purpose, whilst
avoiding the toxic effect of those ions (Greenway and Munns, 1980). In some species,
growth and ion accumulation are balanced (Stenlid, 1956), while in others excess ions are
secreted via salt glands (Drennan and Pammenter, 1982). However, salts are also released
through the cuticle or in guttation fluid; they are retransported back to the roots and soil via
the phloem, or become concentrated in salt hairs (Stenlid, loc.cit.).
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Salt glands lack a central vacuole and have a high number of mitochondria and other
organelles, suggesting that they act primarily not as storage cells, but as transit cells (Waisel,
1972).Considerable amounts of fluid can be excreted by such glands, for example, in
Limonium latifolum, leaf disks under certain conditions secreted fluid up to half their weight
in a 24-hour period (Waisel,loc.cit.).
Discard of salt saturated organs also removes large quantities of salt from some
halophytes. Allenrolfea, Halocnemun and Salicornia discard parts of their fleshy cortex and
leaves in order to remove excess salt (Chapman, 1968). However, not all halophytes have
salt glands, neither do they all discard salt saturated tissue, demonstrating that individual
halophytes utilise different salt tolerance traits in different situations.
(c) Stomatal responses
Although there are few data available, it is possible to identify two stomatal adaptations
to salinity, one, the guard cells can utilise sodium instead of potassium to achieve their
normal regulation of turgor and two, the guard cells continue to use potassium and are able
to limit their intake of sodium(Robinson et al., 1997). This mechanism may be very important
in glandless halophytes, lacking any secretion mechanisms.
Stomatal movements are brought about by changes in the turgor pressure of the guard
cells, which, in the vast majority of cases examined, results in fluxes of potassium across
the plasma membrane and tonoplast(Robinson et al., 1997).In an interesting experiment by
Mansfield and his team, stomata of the glycophytes Commenalina communis opened as
readily in the presence of NaCl as they did in KCl(Mansfield et al., 1980), indicating that
sodium can substitute for potassium in the stomatal mechanism. Flowers et al., (1989) reported
that in the guard cells of salt grown Suaeda maritima, sodium was the major cation, with
lower concentrations in the guard cells of closed stomata. In contrast to Suaeda maritima, in
Aster tripolium, there were substantial amounts of potassium in the guard cells of saltgrown plants (Flowers et al.,loc.cit.). Potassium remained the dominant cation in the cell,
suggesting that the guard cells must have mechanism for restricting the entry sodium, therefore
controlling transpiration, which is important as Aster tripolium lacking any salt glands. The
inhibition of stomatal opening by sodium provides a ‘top-down’ regulatory mechanism for
the control of salt burden in the shoot, when a plant’s capacity to compartmentalise it is
exceeded (Perera et al., 1994). In glycophytes, stomatal function is damaged by sodium
ions, and this disruption can be seen as a mechanism of their lack of survival in saline
conditions (Robinson et al.,loc.cit). It is concluded that guard cells would became irreversibly
damaged if they were allowed to accumulate excessive amounts of sodium ions (Thiel and
Blatt, 1990). The introduction of sodium ions into guard cells blocks the outward potassium
channels, stopping stomatal closure, essentially locking stomata open. Evidence exists
demonstrating that the stomata of non-halophytes may be disabled if sodium enters the
cytoplasm of guard cells, suggesting that halophytes must as, one of their adaptive features,
developed different stomatal ionic properties from those of glycophytes.
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Whole plant level adaptations of halophytes to high salinity
(a) Germination Reponses
Halophyte germination is affected in two ways when seeds are exposed to saline
conditions. Firstly, the high osmotic potential of the medium prevents the embryo from
taking up water, and secondly, the toxic effect of some ions leads to embryo poisoning
(Pollack and Waisel, 1972). Laboratory investigations indicate that seeds of most halophytic
species reach maximum germination in distilled water (Ungar, 1977). Seed germination in
saline environments usually occurs during the spring or in a season with high precipitation,
when soil salinity levels are usually reduced (Ungar, 1982). In general, both halophytes
(Ungar, 1996) and glycophytes (Varshney and Baijal, 1977) respond in a similar manner to
increased salinity stress; with both a reduction in the total number of seeds germinating and
a delay in the initiation of the germination process. Seeds of many species, including Atriplex
halimus and Crithmum maitiumum remain dormant at low water potentials. These seeds do
not lose their viability and will germinate when returned to a distilled water treatment,
indicating that no permanent specific ion toxicity is produced and that the primary influence
of excess salts may be osmotic (Ungar, 1977). This recovery response is common among
halophytes implying an ecological significance within highly saline environments, reflecting
a physiological response that is strongly selected for during the evolution of halophytic
species.
An important effect of the release of dormancy with the alleviation of salt stress is
that it determines the salinity level at the period of seedling development. Malcom et al.,
(2003) investigated that germinating seeds in both a halophyte and a glycophyte were salt
tolerant up to the erection of the hypocotyls. Beyond that stage the halophyte remained salt
tolerant, but the glycophyte became salt insensitive. It seems that although capable of
germinating on salt marsh to a certain extent, glycophyte seedlings are not able to compete
with halophytic species (Bakker et al., 1985). Nevertheless, germination of halophyte seeds
is inhibited or severely reduced at salinity levels above 250mM NaCl (Malcolm et al.,loc.cit.).
(b) Other responses
Continuous exposure to elevated root zone salinity progressively decreases leaf size
over time (Munns et al., 1988) Root zone salinisation also affects plant ontogeny (Maas and
Grieve, 1990; Grieve et al., 1994). Tiller development is delayed by salt by up to four days
(Mass and Grieve, loc.cit.). Salinity affects the number of kernels and the kernel mass per
spike proportionally less than salinity influences the number of tillers per plant (Grieve et
al. 1994).
Despite their polyphyletic origins, halophytes appear to have evolved the same basic
method of osmotic adjustment, accumulation of inorganic salts, mainly NaCl, in the vacuole
and accumulation of organic solutes in the cytoplasm (Glenn and Brown, 1999).
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Threats to mangroves
Mangrove forests are one of the world’s most threatened tropical ecosystems. More
than 35% of the world’s mangroves are already deforested. The figure is as high as 50% in
countries such as India, the Philippines, and Vietnam, while in the Americas they are being
cleared at a rate faster than tropical rainforests. Threats to mangrove forests and their habitats
include:
a) Clearing: Mangrove forests have often been seen as unproductive and smelly,
and so cleared to make room for agricultural land, human settlements and
infrastructure (such as harbours), and industrial areas. More recently, clearing
for , shrimp aquaculture, and salt farms has also taken place. This clearing is a
major factor behind mangrove loss around the word.
b) Overharvesting: Mangrove trees are used for firewood, construction wood, wood
chip and pulp production, charcoal production, and animal fodder. While harvesting
has taken place for centuries, in some parts of the world it is no longer sustainable,
threatening the future of the forests.
c) River changes: Dams and irrigation reduce the amount of water reaching mangrove
forests, changing the salinity level of water in the forest. If salinity becomes too
high, the mangroves cannot survive. Freshwater diversions can also lead to
mangroves drying out. In addition, increased erosion due to land deforestation
can massively increase the amount of sediment in rivers. This can overcome the
mangrove forest’s filtering ability, leading to the forest being smothered.
d) Overfishing: The global overfishing crisis facing the world’s oceans has effects
far beyond the directly overfished population. The ecological balance of food
chains and mangrove fish communities can also be altered.
e) Destruction of : Coral reefs provide the first barrier against currents and strong
waves. When they are destroyed, the stronger-than-normal waves and currents
reaching the coast can undermine the fine sediment in which the mangroves grow.
This can prevent seedlings from taking root and wash away nutrients essential for
mangrove ecosystems.
f) Pollution: Fertilizers, pesticides, and other toxic man-made chemicals carried
by river systems from sources upstream can kill animals living in mangrove forests,
while oil pollution can smother mangrove roots and suffocate the trees.
g) Climate change: Mangrove forests require stable sea levels for long-term survival.
They are therefore extremely sensitive to current rising sea levels caused by global
warming and climate change.
Potential impact of climate change on mangroves of India
All ecosystems are subject to a variety of disturbances both natural and anthropogenic
that vary in their duration, frequency, size, and intensity, and play a crucial role in facilitating
adaptive change (Odum and Barrett, 2004).
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Mangrove forests, like other ecosystems, are subject to various disturbances that
vary in their intrinsic nature (e.g., geological, physical, chemical, biological) in time and
space. Mangroves which inhabitate in a harsh environment, where it is daily subjected to
tidal changes in temperature, water and salt exposure, and varying degrees of anoxia therefore
fairly robust and highly adaptable tolerant. Mangroves therefore exhibit a high degree of
ecological resilience (Boesch, 1974). Resilience means the ability to recover from disturbance
to some more or less persistent state. This definition has more recently been termed ecological
resilience (Gunderson et al., 2002).
The extent and composition of mangroves in India (4 871 km2) may undergo major
change, depending on the rate of climate change and anthropogenic activities, but the large
extent of inter-tidal mudflats of 23 620 km2 in the country may provide a scope of adjustment
and adaptation in some areas, mostly in the semi-arid region. The climate, salinity, tidal
fluctuation, substrate or soil, and wind velocity are major factors which determine extent
and type of tidal forest. Climatic factors like temperature fluctuation, humidity, precipitation,
number of rainy days, regular wind flow, radiation and fresh water flow in the region act as
the most significant factors for development and succession of mangroves. In the last
millennium the concentration of green house gases and aerosols has increased by nearly
31% which may further increase in the current century at faster rate. Global temperature
rise is expected between 1.4 to 5.8 °C by 2100 which is higher than increase during last
century. Similarly continental precipitation increased by 5-10% over the 20th century in the
Northern Hemisphere, although decrease is also recorded in some regions (IPCC 2001).
Global mean sea level has also increased and projected a much higher rate in 20th century.
Although accurate data is not available for Indian sub-continent, the trend may not be much
different from average global scenario as seas level rise and erosion of coast have been
observed in the western coast (IUCN 2002; Worldwatch Institute, 2002).
The factors like precipitation (P) and potential evapo-transpiration (Etp) are expected
to change in most of the regions, especially Northern Hemisphere, resulting alternation of
mangrove’s setting. Climate and coastal processes, which are key factors for mangrove
setting and their successions, will change significantly, resulting changes in extent and
composition of the species of mangroves. Impact on mangrove forests will depend upon the
rate of sea level rise relative to growth rates and sediments supply, space for and obstacle to
horizontal migration, changes in climate-ocean environment. Sea level rise will affect
mangroves by eliminating or modifying their present habitats and creating new tidally
inundated areas to which some mangrove species may shift (IPCC 2001). Extent of high
tidal mudflats constitutes major share of the tidal mudflats, especially in Gujarat State. This
will provide great potential to the mangroves of the region for adjustment and adaptation
against sea level rise.
Climate unsuitability is another factor responsible for mangrove’s change and
disappearance. Hardy species like Avicennia sp recolonised the area fast in the area like the
Gulf of Kachchh, but this is not true in case of the species of genus Rhizophora, Ceriops,
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Sonneratia and Aegiceras in the Gulf of Kachchh and other regions and Heretia sp. in
Sundarbans as they were unable to recover from the effect within short period of timeIt was
estimated that the average global sea level was 120-130m below the present levels as recently
as 10,000 BC. Since then there has been relatively rapid rise to more or less the present level
(Clough 1994). In deltaic mangroves, there is consistent seaward movement of the mangroves
but this may take a reverse change due to rise in sea level. Topography of deltaic mangroves,
especially in Sundarbans is such that landward migration of mangroves, coupled with
accretion of sediment might more or less keeps pace with rising sea level.
Based on evidence and study of mangroves in other parts of the world, likely impact
on mangroves at different rate of sea level rise has been projected below (Ellison and Stoddart
1991; Clough 1994).
(a) Low rate of sea level rise: Existing mangroves can keep pace with a relative sea
level rise of 8-9cm/100 years. A few species will be highly vulnerable in deltaic
mangroves but many species will be threatened on islands. Mangroves in high
latitude may gain in some areas.
(b) Medium rate of sea level rise: Mangroves would be under stress, especially
islands with a relative sea level rise of 9-12cm/100 years. Substantial number of
species will be vulnerable and majority of the species on island may face high risk
of extinction. Impact may be less in subtropical region.
(c) High rate of sea level rise: Mangroves cannot persist as expansive areas with a
relative sea level rise of above 12cm/100 years. Loss of species would be very
high in short period in tropical region, especially on islands. Total devastation
may take place in the mangrove areas of the islands.
Most predictions suggest that future rises in relative sea level will be of the order of
100-200cm/100 years. If this projection becomes reality, mangroves of the world may suffer
serious loss and majority of the species may fail to adapt new environment. The extensive
mangrove systems of the Sundarbans in the Bay of Bengal are examples of river-dominated
systems where relative sea level may rise less owing to the influx of large amount of silt.
There is little information on his aspect of mangrove ecology, but circumstances evidence
suggests that mangroves can cope with accretion rates of the order of 10cm/100years, albeit
with some change in community structure and species composition (Clough, 1994). Probably,
moderate rate of sea level rise may keep the pace of setting of mangroves, but situation may
favour selected colonisers. These mangroves may come under stress or cannot persist when
rate of sea level rise is high as predicted.
Mangroves in areas like in Andaman and Nicobar Islands may come under stress or
may not persist in moderate to high rate of sea level rise. As about 260 km of the coast of
Andaman and Nicobar Islands are lined with mangroves and they have restricted scope of
adjustment in response to sea level rise, the impact of climate change on extent and species
composition of mangroves may be devastative when sea level rise exceed about 10cm/100
years.
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Table 2.1 Predicted impacts of various aspects of climate change on mangrove
ecosystems, with particular emphasis on areas of agreement among sources
Hazard

Predicted response

Extenuating factors

Rise in sea-level

Landward progression

Areal extent on impact will greatly depend on
slope of intertidal area; may be constrained by
topography and accretion rate; re-establishment
rate of plants will depend on rate of sea-level rise;
change in species composition as SL rise may
favour faster growing spp in new areas.
Depends on erosion rate; change in species
diversity at increased rate of nutrient input.

Rise in
atmospheric CO2

Rise in air and
water temperature

Change in
precipitation/storm
patterns, frequency
and intensity

Erosion of seaward margin.
Depends on position in estuar/
open coast.
Secondary productivity may
increase due to greater nutrient
availability from erosion.
No or little increase in primary
production and respiration.
Enhanced water-use efficiency.
Advance in flowering period
Decreased survival in areas of
increased aridity.
Expansion of latitudinal range
Increased net and gross primary
production
Increase in water vapour pressure
deficit.
Increased secondary production
(especially microbes) and shift in
species dominance.
Changes in phenological patterns
of reproduction and growth.
Increase in biodiversity.
Changes in mangrove species
composition and growth due to
change in soil water content,
salinity.
Increased primary production due
to increase in precipitation/
evaporation ratio.
Changes on faunal biodiversity.
Increase in gaps and gap recruitment.

Depends on nutrient availability and speciesspecific responses.
Change in water vapour concentration and
pattern.
Pollinators may be de-synchronized with plants.
Depends of localized changes in temperature.
Only species most temperature tolerant
Growth patterns will vary and depend on local
temperature regime.
Depends on extent of change in atmospheric
water vapour concentration.
Depends on local species composition and
availability of new recruits.

Depends on species composition of initial stands.

Depends on species composition of initial stands.
Euryhaline species unaffected, but loss of
stenohaline species.
Depends on change in level of storm intensity,
frequency, etc. and stand location relative to wind
field.

(Source: Woodruffe, 1990;Aksornkaoe and Paphavasit, 1993; Pernetta, 1993; UNEP, 1994; Semeniuk, 1994; Snedaker,
1995; Miyagi et al., 1999; Nicholls et al., 1999; Hogarth, 2001;Alongi, 2002; Schaeffer-Novelli et al., 2002; Done and
Jones, 2006; Gilman et al., 2006)
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Species diversity and vulnerability
Tropical mangroves are extremely sensitive to global warming due to strong
temperature dependence of physiological rates.. Increased species diversity at the community
level will add to the competitive ability of mangrove communities as a whole. It is likely,
given the more herbaceous nature of the vegetation in these communities that mangroves
will compete such species in the medium to long term and that a gradual replacement of salt
marsh vegetation by scrubby mangroves, first of Avicennia and later of Rhizophora may be
expected to occur (Pernetta, 1993).
The average global rainfall is expected to increase with marked regional variations
(IPCC 2001). If this happens, climate change is likely to lead to an increase in species
migration towards the pole wards. This may result into better environment for mangroves in
Semi-arid region like Gulf of Kachchh may result into a better environment. As accurate
prediction on extent and rate of climate change is not available, it is impossible to develop
a model for likely scenario of mangroves in India. Many mangrove species are sensitive to
fast anthropogenic disturbances and sea level rise. If pace of sea level is highit is expected
that species diversity may suffer in areas like Andaman and Nicobar Islands.
Tidal forest of India support about three and half dozen species of core mangroves
and majority of them may be sensitive to medium to high rate of changes and they be
categorized as highly vulnerable species because they can survive for long period in only a
relatively stable environment. Adaptive capacity of some mangroves can be improved by
by planting them in suitable areas after assessing the trend and rate of environmental changes.
Conclusion
Mangrove forest has multiple uses as sink for carbon; barrier against cycle, storm and
salty winds, coastal land stability; sustainable agriculture behind shelter belt and basic needs
of coastal community. Strict protection of Existing mangroves must be protected against
encroachment and cutting and its expansion must be motivated by regenerating potential
intertidal areas through plantation of suitable species.. . The scientific studies and consistent
monitoring the ecological changes and sea level rise should be done to provide continuous
inputs for necessary management intervention. The response of tidal vegetation to climate
change will vary from area to area and hence area specific plan based on inputs of continuous
monitoring of changes should be prepared for implementation. In absence of accurate regional
data on climate change, it is difficult to conclude likely impact on short and long term basis.
Very high level of sea level rise may be devastating for most of the mangroves in Indian subcontinent. Mangroves of Andaman and Nicobar Islands are matter of concern for even low
rate of sea level rise.In case of climate change and sea level rise, loss of some species in one
area, especially on islands, can be compensated by planting them in the area of higher
latitudes, although overall loss cannot be recovered.
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Sharing experiences of NICRA project implemented in
Assam
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B.N. College of Agriculture, Assam Agricultural University, Biswanath Chariali

Chamua (cluster of four villages) was initially selected for implementation of National
Initiative on Climate Resilient Agriculture (NICRA) Project by AICRP for Dryland
Agriculture, BN College of Agriculture. Later on another village namely ‘Ganakdalani’
had also been selected to address the problem of flash flood, which is a very big climatic
constrain in North Bank Plain Zone of Assam.
Intermittent flash flood is the major climatic constrains of Ganakdalani village. In
every year the village is affected by 3 to 4 numbers of intermittent flash floods. The only
crop (Sali rice) grown by the farmers of the village often suffers from submergence due to
occurrence of several flash floods during its growth period (mid May to mid October). This
results in substantial reduction of yield of Sali paddy and many times famers could not get
the chance to harvest the crop. That is the reason why some of the agricultural lands in the
village have been laying fallow year after year (even more than a decade). The distress
agriculture in the village forces many youths to leave the village in search of job. After
adopting the village under NICRA project, efforts have been made to make the agriculture
of the village resilient to flash flood. Therefore, initiatives have been taken for demonstration
of flood resilient cropping Sequence in that village under NICRA.
Weather condition during 2012-2013
Rainfall: The seasonal and monthly variation of rainfall of Biswanath Chariali during
2011, 2012 and 2013 are presented in Fig.1. Total annual rainfall of the station was 1909
and 1964 mm during 2011 and 2012, respectively, which were almost equal to the normal.
During 2011, in pre-monsoon moths, the area received substantial amount of rainfall, however,
June month received considerably less rainfall (about 50% less than the normal), which
adversely affect in sowing of seeds of Sali rice. During July and August, the area received
sufficiently high amount of rainfall, however, after mid of august rainfall decreased
significantly resulting intermittent dry-spells resulting decrease of Sali paddy. On the other
hand, the monsoon rainfall in the region was extended up to mid of October and the region
experienced with many wet spells with heavy rainfall. But last part of the year 2012-13
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(December, 2012, January and February, 2013) there was practically no rainfall, causing
suffering of the crops due to increase in air temperature and moisture.

Fig.1: Weekly distribution of rainfall during 2011, 2012 and 2013

Temperature: Weekly maximum and minimum temperatures were higher in the month
of January, February and March of 2012- 2013 as compared to previous year. Weekly
maximum and minimum
temperatures were as high as
6.1°C and 4.8°C, respectively.
Absence of rainfall during these
months may result increase in
temperature in 2012-13. Impact
of increase in temperature was
reflected in decrease in potato
yield in NICRA village and
Jinjia village.
Fig. 2: Weekly temperature during rabi seasons in
2011 and 2012

Occurrence extreme weather events: Occurrence wet spells with very high rainfall
resulting flash floods in the NICRA villages mainly in Ganakdalani (Table 1). Heavy rainfall
occurred in the month October, 2012 caused difficulties in harvesting short duration paddy
varieties in Chamua village.
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Table 1: Occurrence of extreme weather events flashes floods during 2012 and 2013 at
Ganakdalani
2012
1.
2.
3.
4.

23 June 1 July
12 to 19 Sept
21 to 28 Sept
2 to 8 October
Total
:

2013
9 days
8 days
8 days
7 days
32 days

1.
2.
3.
4.

18 -27 July
07 -13 August
14 -20 August
28 August to 8 sept
Total
:

10 days
7 days
7 days
12 days
36 days

(A) Crop contingencies on real time basis undertaken at ‘Ganakdalani’ village during
2012 - 13 and 2013-14:
i. Demonstration of cultivation of flood tolerant rice varieties like ‘Jalashree’
and ‘Jalkuwnari’: Cultivation of flood tolerant varieties like ‘Jalashree’ and
‘Jalkunwnari’ of paddy were demonstrated in 0.8 ha of land during 2012-13. Both
varieties were affected by intermittent flash flood for four times during their growth
period.
Crop growth stage
Days of submergence
Seedling (Nursery bed)
9 days (23 June to 1 July)
Tillering
8 days (12 to 19 Sept)
Tillering
8 days (21 to 28 Sept)
Tillering
7 days (2 to 8 October)
Total days submergence
32 days
Interesting observation was that no single seedling of both the varieties was damaged
even after 9 days of continuous submergence of nursery bed from the one day after sowing
of sprouted seed. After transplanting both varieties were submerged in three spells (7-8
days) due to occurrence of flash floods. The crop was under water for 32 days in its growth
period. All varieties grown in the field were totally damaged. Even submergence tolerance
variety Jalkunwari also could not survive. However, the varieties Jalashree withstand and
was able give some yield (9.0 qt/ha). Though the yield was very low (as compared to a
normal year), the increase of the yield was 100% as compared to farmer practice. Paddy
harvested by the farmers was kept as seed for next season. Thus farmers were able earn a net
return of Rs. 11,800/ha with B:C ratio of 1.67 (cost of seed = Rs. 26/kg).
ii. Demonstration of cultivation of rapeseed, Summer (Ahu) rice and Deep water
(Bao) rice: Almost entire crop field of Ganakdalani village was ruined by the four
flash floods occurring during the crop growth period (kharif, 2012). Famers’
practice of the village was no growing of any crops in rabi and summer season.
They were reluctant to grow any rabi or summer crops like rapeseed, Potato, Ahu,
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Except Jalashree, all other varieties grown by the farmers were ruined by floods

Boro and Bao rice, as stray cattle is a big problem in that village. Therefore, under
NICRA, farmers of the village were encouraged to grow rabi crops like Rapeseed,
Pea, Potato and subsequently sowing of Ahu and Bao rice in fallow land laying
idle after devastating flood.
Rapeseed variety TS-38 was sown in three hectare of land where paddy crop was
completely damaged by the floods. The variety TS-38 was chosen because this variety can
be sown up to last week of November. Early sowing of
rapeseed was not possible in the village, because the
soil need sufficient time to dry after receding flood.
The variety TS-38 gave an average yield of 690 kg/ha,
which was 100% increase in the yield as compared to
farmers’ practice (as farmers usually did not grow any
crop during rabi season).
After harvesting rapeseed, famers were
encouraged to grow Ahu rice. Cultivation following
Rapeseed cultivar TS-38
Short duration Ahu rice varieties (direct seeded) was
performed well in farmers’ field at
demonstrated in the village during 2012-13.
Ganakdalai

Table 2: Ahu rice varieties demonstrated in the Ganakdalani village
Sl No

Name of the varieties

1
2
3
4
5

Ishaguni (local)
Kaladonga
Banglami
Luit
Lachit

Area (ha)
3.0
1.8
0.5
0.5
0.3
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Yield (t/ha)
3.25
3.05
3.40
2.50
2.78

Natural Resource Management for Enhancement of Adaptation and Mitigation Potential under Changing Climate

Three local varieties Ishaguni, Kaladonga and Banglami (improved) performed well.
However two high yielding short duration varieties (Luit and Lachit) did not performed
well as they were severely infested with weeds. If they had been transplanted, yield might
be more than the local varieties.

Ahu rice in the flood affected field at Ganakdalani

Farmers of the village did not cultivate the Bao rice earlier in their field. Initiative
under NICRA were taken to undertake cultivation of Bao rice in the village. The local Bao
cultivars available in that locality were collected with
the help of farmers. Bao varieties namely – Tulshi,
Dhushuri, Amona, Rangabao, Kakowa, Bahadur etc
were demonstrated in the farmers field. Many farmers
of the nearby villages got encouraged to look at the
farmers of the village and started sowing of Bao rice
in their field. It is very encouraging that in-spite of
occurrence of 3-4 flash flood during kharif 2013,
Famers in their Bao paddy field
almost 80% of the field area of the village in this year
at Ganakdalani
is covering with different varieties of rice.
iii. Crop contingencies on real time basis undertaken at Ganakdalani during
2013 -14: Submergence tolerance, staggered planting and Bao rice varieties were
demonstrated under NICRA project in the flood affected village – Ganakdalani is
presented Table 3. Lack of rainfall up to third week of June (delay on onset of
monsoon), sowing of Sali paddy was delayed and was started last week of June,
2013.
Traditional and high yielding varieties cultivated by the farmers of their own were
partially or totally damaged due to occurrence of 3 to 4 flash floods in the village. However,
submergence tolerance cultivars – Jalashree and Swana sub-1 could stay alive in spite of
recurring submergence.
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Table 3: Rice cultivars suitable for flood affected area are demonstrated during 2013
Sl No

Name of the varieties

Quality

1
2
3
4
5
6
7
8
9
10

Jalashree
Swrnasub
Gitesh
Prafulla
Kokowa
Amona
Tulshi
Dhusuri
Bahadur
Rangabao

Submergence tolerance
Having staggering ability
Deep water rice

Area (ha)
1.5
0.3
0.5
0.3
5

Jalashree and Swarna sub-1: two submergence tolerance varieties withstand flash flood.

Cultivation of varieties having the staggering ability like Gitesh and Prafulla has
been demonstrated in the village. 65- 70 days old seedlings of Gitesh and Prafulla were
transplanted on 14 to 21 September, 2013 after receding water level in the field. The farmers
showed reluctant for transplanting after mid of September; however, they were convinced
to transplant the old aged seedlings of these varieties after mid of September.

Gitesh and Prafulla – having staggering ability in the farmers’ field

Bao varieties were not affected by multiple the flash floods. One additional advantage
of these varieties is that the leaves of these cultivars can be cut for 3-4 time up to the mid of
September and can be used as fodder. Thus fodder supplied by cutting of leaves of Bao rice
is very useful, as in this period, there is always acute shortage of fodder occurs in the
village.
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Bao varieties are doing well, however varieties like Ranjit, Mashuri were damaged by flood

Crop contingencies on real time basis for rabi, 2013-14: Sali rice crop grown in
the village is often damaged due to occurrence of multiple flash floods in almost every year.
A sizable area of the crop field of the village has
been still lying fallow for long time (more than
decade).
It is proposed to demonstrate cultivation of
Rapeseed (TS-38) in this fallow land as well as in
that area where Sali paddy was destroyed completely
during, 2013. A massive programme for cultivation
of Ahu rice (varieties which can be harvested before
flood) and improved Bao rice cultivars (like The field lying fallow for about a
decade
Panchanan, Panindra, Padmapani) is proposed
under NICRA, 2013-14.
(B) Crop contingencies on real time basis under taken at Chamua Village during 2012
-13:
i. Crop diversification: Instead of growing single crop (Sali rice) which is the
farmers’ practice of the NICRA village, crop diversification is proved to be more
resilient to the situations like - occurrence mid season and terminal dry spells and
water stress during rabi season. Therefore, cultivation of more than 10 crops was
demonstrated in the NICRA village in which more than 100 farmers participated
in both 2011-12 and 2012-13. Different crops other than paddy demonstrated in
the NICRA village during 2012-13 are listed below.
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Table 4: Cultivation of crops demonstrated in the NICRA village during 2012-13
Sl No Name of the crop

Variety

Area in Hectare

1

Turmeric

2
3
4
5
6
7

Ginger
Potato
Pea
Lentil
Sesame
Rapeseed

8
9
10
11
12
13

Pigeon pea
Napier
Maize
Blackgram
Green gram
Colocasia

14

Elephant foot Yam

Local
Tall clone
Jati
Pokhraj
Rachna
K-75
Local
TS-36
TS-38
Local
Hybrid Napier
All rounder
T-9
T-44
Ahina
Panchamukhi
Gajendra

1.0
0.5
1.1
4.00
0.67
0.5
1.0
12.00
4.5
0.2
0.6
1.5
1.5
0.2
0.8
0.4
0.5

Yield (Kg/ha)
19650
26850
21280
17052
900
650
1213
1430
805
20000
5600
900
650
8000
10000
28000

Nontraditional crops like Elephant Foot Yam (Varity – Gajendra) and
Maize (Variety – Allrounder) were demonstrated in the NICRA village

Mr. Harendra Neog, a marginal farmer of NICRA village was selected for crop
diversification progarmme of NICRA project as participatory farmers in. A portion of crop
field has been converted into multiple cropping through crop diversification. Many crops
along with rice were grown by him during 2011-12 and 2012-13. During 2011 his rice crop
was adversely affected by multiple dry spells. The year 2012 was a normal year and rice
was not affected by water stress. However, in both the year total income of the farmer was
much higher in case of diversified cropping than in case of his own practice of growing only
rice.
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Farmer’s practice

Improved practice

Crop diversification under varying weather variability is very important for increasing
productivity and income of the famers. Impact of diversified cropping studied in participation
of the farmer is given in Table 5.
Table 5: Impact crop diversification under varying weather situation
Gross
area
(ha)

Year

Net
area
(hac)

CI
(%)

Yield
Cost of
(Kg/ha) production
(Rs/ha)

Gross
Income
(Rs/ha)

Net
Income
(Rs/ha)

BC
Ratio

1,78,229.00
58860.00

4.40
2.01

- 547.00
26453.00

0.96
1.80

Improved practice (Diversified Cropping)
2011-12
2012-13

0.51
0.45

0.71
0.47

139
104

19794
13704

36482.00
30331.00

214711.00
84746.00

Farmer’s practice (Monocropping Sali rice)
2011-12*
2012-13*

0.8
0.8

0.8
0.8

100
100

900
2700

14047.00
14047.00

13500.00
40500.00

*Rice variety: Kunkunijaha @ Rs. 15.00 per kg

ii. Promotion of cultivation of early to medium duration rice varieties suitable
for occurrence of mid season & terminal dry spells: During 2011-12 rice crop
was affected by mid season and terminal dry spells. It was observed that short and
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medium duration paddy varieties can escape or less affected by such dry spells,
however, long duration high yielding and local cultivars were adversely affected
by such mid season and terminal dry spells and reduction of yield of these varieties
were as high as 60%. Cultivation of short and medium duration varieties have
another advantage of early vacation of field for growing subsequent rabi crops,
which is not possible for long duration varieties.
Therefore cultivation of early and medium duration paddy varieties was promoted in
the NICRA village during 2012-13. Short duration varieties such as Luit, Dishang, Lachit,
Kapilee, Kolong and Dikhow and medium duration varieties like - Basundhara, Satyaranjan,
Gandhari, Mulagabharu etc were demonstrated in the NICRA village.

Short and medium duration varieties demonstrated in the NICRA village

During 2012, rainy season was extended up to mid of October and therefore short
duration cultivars were exposed to lesser bright sun shine hours. Resulting reduction of
yield of short duration varieties as compared to previous year (2011)
Table 6: Comparison of yield of short duration varieties grow in 2011 and 2012
Improved varieties

Luit
Kapilee
Disang

Yield
2011

2012

3.1
3.3
4.2

2.65
2.7
3.6
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Cultivation of potato and rapeseed after harvest of short duration paddy cultivars

Establishment of a seed bank in the NICRA village: Maintaining a seed bank is
one of the mitigation strategies to tackle the adverse situations arising due to occurrence of
extreme weather events. Therefore, effort was made to establish a seed bank of the paddy
varieties of different duration which are suitable for overcoming adverse situations arising
due to occurrence of aberrant weather like flood and drought in and around in the NICRA
village. Under NICRA project during 2012-13 farmers of the NICRA village were trained

Seed bank in the NICRA village
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up and a seed production progarmme of twenty two improved varieties and more than 30
local varieties was undertaken under the guidance of the scientists of AICRPDA, Biswanath
Cahriali centre.
Table 7: Rice cultivars grown in the NICRA village during 2012
Sl. Variety
No

Area
Yield
in hectare (kg/ha)

Remark

1
2
3
4
5
6
7

Luit
Disang
Lachit
Kapilee
Kolong
Dikhow
Dehangi

0.66
0.13
0.40
0.13
0.13
0.13
0.06

Short duration varieties
2850
● There is no or little effect of occurrence of mid season or
3450
terminal dry spells on these varieties.
4350
● They can be grown after flood as late Sali or before flood
2400
as Ahu rice.
3150
2550
2010

7
8
9
10
11

Basundhara
Satyaranjan
Mohan
Gandhari
Mulagabharu

0.13
0.13
0.26
0.26
0.33

Medium duration varieties
4200
● There is less effect of mid season and terminal dry spells
2820
on the varieties.
● These varieties are suitable for growing at least two crops
4410
4230
in the same field in a year.
5550

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Maniram
Ranjit
Mahsuri
Betguti (big)
Keteki jaha
Gitesh
Prafulla
Jalashree
Jalkunwari
Swrna Sub-1
Black Rice
Aghoni
Betguli (small)
Basanti*
HUR -3022*
IET -17854*
HUR-105*
Arize (hybrid)*

0.21
15.30
6.60
0.26
0.13
0.13
0.13
0.20
0.26
0.26
0.06
0.30
0.13
3.0
0.20
0.26
0.20
0.16

Long duration varieties
Suitable for no water stress condition
5790
7470
4560
3120
Scented rice
4080
Suitable for staggered planting
5310
3630
Submergence tolerance varieties
4140
2820
2040
5760
Glutinous rice
3750
2670
Seed was collected by farmers of their own
2640
3330
2010
6180
Not grown for seed purpose
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ii. Demonstration on cultivation of maize after harvest of potato and rapeseed:
Generally no crop is grown after harvest of rabi crops like Potato and rapeseed
(February to May) by the farmers of this locality. Since rainfall is scanty and
highly variable during February to mid of March, therefore it is difficult to grow
any crop in this period. However, Maize can be grown successfully after harvest
of crops like rapeseed, potato etc. Therefore, a demonstration progamme of
cultivation of hybrid maize was undertaken under NICRA and NICRA up scaling
programme at two villages – Jinjia and Chamua during 2012-13. In Chamua village
crops was cultivated in 1.5 hectare area. In Jinjia village potato is grown extensively
after harvest of paddy (short duration) with heavy fertilization. Therefore,
demonstration of cultivation of maize without application of fertilizers was done
with the objective of efficient utilization of residual nutrients after potato crop.

Maize crops grown after harvest of rabi crops in Chamua and Jinjia village

The farmers harvested the crop either for grain or baby cobs. the Farmers of both the
villages were able to get very good harvest of the maize crop (Table 8).
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Table 8: Area, grain and cob yield of Hybrid Maize (Variety- Allrounder) during 201213
Sl No

Name of the Village

Area (ha)

1
2

Chamua
Jinjia

1.5
15.0

Grain yield (qt/ha)
56
60

Baby cob yield (No./ha)
84000
90000

iii. Rain water harvesting and recycling: There are many farm pond scattered in
the village, which were dug by some unknown persons in long back. Nine such
farm ponds were renovated under NICRA project during 2012-13 for water
harvesting as well as for fish rearing.

Farm ponds renoated during 2012-13 in the NICRA village

Stored water in three of these ponds was utilized for providing supplementary irrigation
in Potato and Rapeseed during 2012-13. Impact of irrigation on the yield of these crops is
presented in table 9.
Table 9: Impact of providing supplementary irrigation in potato and rapeseed during
2012-13
Intervention

Crop
(variety)

Yield
(kg/ha)

Improved Practice (two
irrigation , and apply fertilizers)
Farmer’s Practice (No irrigation
and no fertilizers)

Kufri Pokhraj

Potato
16216

Kufri Pokhraj

7675

Improved Practice
(two i rrigation , and
apply fertilizers)

TS -36
TS-38

Rapeseed
1230
1310
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Increase
in yield
(kg/ha)
8541
—-

Net
returns
(Rs/ha)

BC
ratio

67408

2.5

6125

1.1

14265
18850

1.9
2.1
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Rapeseed grown in the village with supplemental irrigation from farm pond

iv. Timely operation of custom hiring centre: The custom hiring centre established
under NICRA project has been strengthen by addition of following need based
implements during 2012-13.
1.
Power tiller -1
2.
Rice transplanter 4 Row, Walk behind -1
3.
Seed cum fertilizer drill -1
4.
Manual fertilizer broadcaster -3
5.
Power operated duster -1
6.
Multicrop seed drill -1
7.
SPAN Co hand wheel hoe with one tyne -2
8.
Hand wheel hoe with three tyne -2
9.
Hand wheel cum seeder – 2
10.
Seed cum fertilizer drill – 3
11.
Maize Sheller big manual -1
The NICRA village management committee constituted in the village looks after the
activities of the custom hiring centre. Custom hiring services significantly contributed to
alleviate labour shortage during peak demand period in the NICRA village. Better energy
use efficiency and crop yield was achieved through use of different improved implements.
More the number of improved implements used, more is the net return in case of paddy was
demonstrated (Table 10).
It was observed that in Ganakdalani village where resilient agro-technologies for
flash are being demonstrated, farmers get very little time for land preparation after or before
the flood. Another observation is that, during rabi season soil become very dry and crops
suffers from water deficit. In case of delayed in onset of monsoon sowing of Sali paddy is
affected. During 2013 sowing of Sali paddy was delayed due to delay onset of monsoon.
Since al Small river (Pichala) flowing nearby the village which is the cause of flash flood
can be effectively use for irrigating of rabi crops as well as sowing Sali paddy in that
village. Therefore a Custom Hiring Centre with a power tiller and water lifting pump was
established in that village during 2012-13.
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Table 10: Efficient energy management with improved implements in rice
Variety

Name of the
improved
implements
/machines

Yield
(kg/ha)

Mulagabhoru
Mulagabhoru

Nil
· Cultivator
· Rotavator
· Thresher
· Cultivator
· Rotavator
· Thresher
· WLP
· Cultivator
· Rotavator
· Paddy
weeder
· Rotavator
· Thresher

3600

7233.08

52920

14570

28800

14230

1.9

3900

7626.15

57330

14570

31200

16630

2.2

5025
3525

10039.52
8874.3

73867.5
51817.5

14570
14570

40200
28200

25630
13630

2.8
1.9

3825

8651.54

56227.5

14570

30600

16030

2.1

3600

8912.98

52920

14570

33600

19030

2.3

Mulagabhoru

Basundhara
Basundhara
Basundhara

Total
energy
requirement
(MJ/ha)

Total
Cost of
Gross Net
BC
energy Cultivation returns returns ratio
output (Rs /ha)
(Rs/ha) (Rs/ha)
(MJ/ha)

Vice-Chancellor of Assam Agricultural University visiting the custom hiring centre of NICRA
village

v. Alternate land use and Eco-system services: Following mixed farming systems
has been demonstrated in the NICRA village
1. Fish + Duck + Agri/horticulture,
2. Fish +Duck +Pig
3. Honey bee + Duck + Diary + Vermicompost + Agri/horticulture/fodder
Data generated on the mixed farming during 2012-13 are presented in the Table 11.
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Table 11 : Impact of mixed framings at NICRA village
Systems

Yield (kg/ha)

RWUE
(kg/ha/mm)

Crop

Crop

Livestock
/ Fishery
/Poultry

Livestock
/Fishery
/Poultry

Expenditure
incurred
(Rs/ha)

Gross
returns
(Rs/ha)

Net
BC
Returns Ratio
(Rs/ha)

Fish + duck +
pig + potato

7243

2697

1.19

74.92

1,66,871

2,72,044 1,05,173 1.63

Fish + Duck
+ Ginger

3375

2600

1.89

1.46

1,67,984

2,72,500 1,04,516 1.62
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