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Over the past 2 decades climate change has evolved from a debate about whether the planet is really 
warming, to an increased focus on how to mitigate and adapt its impacts mainly from the escalating 
acceptance among researchers, policy makers, and even general; public that climate change is real and 
happening. Climate change is a significant and statistical distribution of weather patterns over long 
periods. It may be a change in average weather conditions or the distribution of events around that 
average.  “Climate change refers to the change in the long term weather pattern mainly due to the 
increased level of CO2 (carbon dioxide) and other GHGs (green house gases)” the most prominent of 
climate change of the earth is the increase in atmospheric temperature. The quantity of rainfall has also 
become more uncertain and frequencies of extreme events viz. droughts, floods, storm and cyclones. Rise 
in level in coastal areas is under threat of this climate change.  
Anthropogenic activities are causing substantial increase in the concentrations of GHGs like CO2, N2O 
(nitrous oxide), CH4 (methane) and most prominently water vapor in the atmosphere. The solar energy 
reaching the earth is balanced by the energy that earth emits back to space. GHGs present in the 
atmosphere absorb the outgoing long wave radiation emitted by earth thereby increasing earth’s surface 
temperature (greenhouse effect). Since 1950, the atmospheric concentrations of CO2, CH4 and N2O have 
increased by ~ 31%, 151% and 17%, respectively. Global GHGs emission from different sectors are 
energy supply (26%), industry (19%),  land use , land use forestry and energy supply (17%), agriculture 
(14%), transportation (13%), commercial and residential buildings (8%) and waste and waste water 
(3%), respectively. In the atmosphere, the escalating level of CO2 is mostly because of fossil fuel 
combustion. Agriculture has been shown to produce significant effects on climate change mainly through 
the production and release of GHGs such as CO2 and N2O. Submerged paddy fields are main contributor of 
CH4. Enteric fermentation in ruminants is another source of CH4 from agriculture. Application of 
nitrogenous fertilizers to soil leads to emission of CH4. In the agriculture, the majority of on-farm CO2 
emission comes from fuel combustion of farm machinery during farm operations like tillage, irrigation, 
etc.  
Climate Change & Its Impact on Agriculture 
Burning of crop residues is another source of CO2 emission from agricultural fields. Agriculture sector 
contributes to 17% of total GHG emission in India. Crop production sector (rice cultivation, soils and field 
burning of crop residues) contributes 35.9% of the total GHG emissions from agriculture. Climate change 
will have significant effect on agriculture by decreasing productivity of crops. More yield loss is expected 
in rabi crops as compared to kharif crops. In case of some crops, fertilizer requirement might increase in 
order to achieve the targeted yield. Rice in temperature may also affect the quality of some crops. Besides 
the increased temperature and changing rainfall pattern will have considerable effect on soil 
microorganism and insect pest population. Although agriculture contributes to GHG emission but 
scientific agriculture can assist in reducing the overall carbon emissions by sequestering this in large area 
of land. Altering water management like mid-season drainage and intermittent irrigation can reduce CH4 
emission from rice field. Emission of N2O can be reduced by management practices that improved N-use 
efficiency   including use of slow release nitrogenous fertilizer or nitrification inhibitors which slow the 
microbial process leading to N2O formation.  
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Agricultural soils represent a potential sink for carbon. Reduction in CO2 emission from agriculture can be 
achieved by increasing carbon sequestration in soil. Management options are to be selected in such a way 
that decreases the efflux of CO2 from soil to the atmosphere and increase the total soil organic carbon 
pool. Improved management techniques like reduced tillage, use of organic manure, residue 
incorporation, improving soil diversity, micro aggregation and mulching can play important roles in 
sequestering carbon in soil. Enhancing organic matter content will ensure better fertility as well as assist 
in sequestering atmospheric carbon in soil. Enhanced organic carbon can possibly be used for carbon 
trading to sell credits to carbon deficit nations.  
Besides reducing GHG emission, suitable adoption measures should be under taken to prevent yield loss 
of agricultural crops due to the changing climate. Breeding crop varieties, tolerant to high temperature 
and drought condition will help preventing loss in crop productivity caused by climate change. Adoption 
of (RCT) resource conservation technologies will reduce GHG emission and also increase resource use 
efficiency thereby maintaining agricultural productivity. Integrated pest management techniques and 
forecasting will help in preventing the higher incidence of pest under climate change scenarios. Changes 
in policies like providing incentives for resource conservation, prices of resources, etc. are needed for 
agricultural sustainability.  Weather forecasting and early warning systems well be very useful in 
minimizing climate risks. Crop insurance schemes should be implemented to protect the farmers from 
loss in income due to crop failure. Awareness to climate change and its brunt need to be created among 
the farming community. Alternate livelihood options should be formulated for the farmers to protect 
them from harmful effects of climate change.   
 

Capping Methane Emissions 
GHGs adding to the net energy input of the lower atmosphere thus resulting in an increased global 
temperature (also called global warming). During the past 200 years, its concentration has increased 
dramatically because of an imbalance between global sources and sinks. According the report IPCC, the 
atmospheric concentration of CH4 has more than doubled during the past 15 years by an average of 1% 
every year. The increasing concentration of CH4 is, therefore, a cause for concern. Atmospheric CH4 is 
produced by a variety of natural (70%) and anthropogenic activities (30%). ~ 70-80% is biogenic in 
origin. The most important known sources of CH4 are natural wetlands, fossil fuels related to natural gas, 
coal mines, coal industry, enteric fermentation, rice paddies, biomass burning, landfills and animal 
waste.  
 
According to IRRI  (International Rice Research Institute) world rice harvested area increased by ~ 33% 
from 115.5 M ha in 1961 to 153.3 M ha in 2004. In accordance with a current estimate, rice production 
will need to expand by around 70% over the next 25 years to meet the demands of the world’s growing 
human population, making rice cultivation a potential major cause of increasing atmospheric CH4. In 
flood rice fields, CH4 is produced by anaerobic bacteria (methanogens) as the terminal step of the 
anaerobic degradation of organic matter. The anaerobic degradation of organic matter and generation of 
CH4 in flooded rice fields involves following four main steps: 
 
1. Hydrolysis of polymers by hydrolytic organisms, 
2. Acid formation from simple organic compound by fermentative bacteria, 
3. Acetate formation from metabolites of fermentations by homoacetogenic or syntrophic bacteria, 
and 
4. CH4 formation from H2/CO2, acetate, simple methylated compounds or alcohols and CO2. 
Methanogens are archebacteria that produce CH4 as a metabolic byproduct in anoxic conditions. 
Bacterial methanogensis was first evidenced by A Volta in 1776. Methanogens are usually coccoid or rod 
shaped. They convert carbon sources such as CO2, CH3 compounds or acetate into CH4 to fulfil their 
energy requirement. A general reaction of CH4 production in anaerobic condition by methanogens may 
be represented as: 
4H2 + CO2            Methanogens CH4 + 2H2O (∆Gº = -31 kcal/mole) 
Many methanogens are found in rumen of cows where they produce CH4 from hydrogen and CO2 
released by the anaerobic gut bacteria. 
Major Sinks of CH4  
In the global CH4 cycle, CH4 is also consumed by chemical and biological processes. The major sinks for 
CH4 are biological oxidation at or near the sites of production, and photochemical oxidation in the 
atmosphere. However, oxidation of    atmospheric CH4 by aerobic soils also provides a significant 
additional sink. About 90% of chemical oxidation occurs in the trophosphere through reaction with free 
hydroxyl radical (OH∙) – the “detergent” of the atmosphere.  



RJCES Volume 1 [4] October 2013 www.aelsindia.com  86 | P a g e  

 

 
 

 
 
The only known biological sink for atmospheric CH4 is its oxidation in aerobic soils (forest & dry land 
paddy soils) by methanotrophic bacteria. This CH4 sink mediated by soil methanotrophs can contribute 
up to 15% to the total global CH4 destruction. It has been reported that MOB (CH4-oxidizing bacteria)  
play an important role in the global CH4 budget by consuming potential amounts of CH4 in soils of forests 
and rice fields. In paddy fields, CH4 oxidation greatly limits release of CH4 to the atmosphere. 
Methanotrophs associated with the rhizosphere of rice plants oxidize CH4 with O2 (molecular oxygen) 
and use it as the sole source of carbon and energy. MOB is present in the aerobic soil layer, the roots, the 
soil surrounding the soil, so-called rhizosphere, and on the stem bases of flooded rice plants. Some 
examples of different types of MOB are: Type I-Methylomonas, Methylobacter, Methylomicrobium; Type 
II-Methylosinus, Methylocystis and  Type X-Methylococcus. 
Several scientific investigations have demonstrated that aerobic forest soils also serve as sinks for 
atmospheric CH4. The current temperate soil sink is estimated at 20 Tegagram (Tg) / year. Most 
unsaturated soils consume atmospheric CH4. The rate of CH4 oxidation varies with soil water content, 
land use and ammonium inputs. Consumption of atmospheric CH4 has been demonstrated in coniferous 
and deciduous forest soils, agricultural soils, grasslands, and tundra soils. The amount of atmospheric 
CH4 consumed by oxic soils has been estimated at 40 to 60 Tg / year. This amount is ~ equal to the 
annual increase in atmospheric CH4 during the past century. CH4 uptake by disturbed forest soils, 
undisturbed tropical forests, and subtropical woodlands are presented in the figure.    
CH4 oxidation by different forest soils 
Because the biological sink for atmospheric CH4 in soil is microbial mediated it is sensitive to 
environmental factors (e. g. moisture, temperature), fertilizer application and disturbance by soil 
management practices. Atmospheric CH4 uptake is decreased after fertilization of soils with nitrogen, 
conversion of grasslands to croplands, tillage, and clearing of forest lands. The conversion of forests and 
grasslands to croplands results in a reduction in CH4 consumption in these ecosystems of 1.5 to 7 Tg / 
year. The data of different scientific studies indicate that during the past 200 years the concentration of 
CH4 has increased significantly because of an imbalance between global sources and sinks due to 
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anthropogenic activities. Although the increase in CH4 emission had declined during the last 2-3 years, it 
is not known whether the decline rate is due to decrease in emission or increase in CH4 oxidation. It has 
been recently reported that a 10% reduction in emissions of CH4 may stabilize the current concentration 
of CH4 in the atmosphere. Therefore, it is important to define the sources and sinks of atmospheric CH4 
to determine which steps have practical value to mitigate the global warming problems due to CH4. 
[Courtesy: Singh, J. S., Senior Research Associate, Scientists’ Pool Scheme, CSIR), Department of 
Environmental Science, BBAU, Rai Bareilly Road, Lucknow-226 025]  
 

Climate Change and its Effect on Fruit Crops 
The dilemma due to climate change is more challenging in fruit crops as compared to annual crops 
because of perennial in nature. Fruit production is steered by several factors such as prevailing climate, 
topography, soil fertility, management practices and irrigation facilities and so on. Among all these, 
climate is most decisive factor which determines suitability of fruits for a particular locality. Any 
deviation in climate will affect the morphological and physiological functions of fruit crops. In case of 
temperate fruit crops, high temperature might induce variability followed by alteration in dormancy 
through direct and indirect changes. High temperature, in winter, prolongs dormancy and also 
counteracts the influence of chilling effects on flowering, ultimately on economic yield. High temperature 
correlated with moisture stress reduces fruit size due to increased evapo-transpiration in cherries. 
Flower drop and fruit drop occur in sapota. Higher ambient temperature had higher moisture content in 
avocado at harvest leads to higher dry matter content which delays ripening. Higher than normal 
temperatures affect the photosynthetic processes directly by modulating enzyme activity and e-transport 
chain and do indirectly by decreasing the ratio of photosynthesis/respiration which affect on the plant 
growth and development. Very high temperature during the ripening phase reduce ors or completely 
reduce key enzymes that are responsible for the synthesis of anthocyanins in colored varieties of grapes 
and thus results in the poor coloration of the fruit and reduce the amount of marketable fruit at harvest.  
It’s of prime importance in establishing harvest index. High temperature on fruit surface during maturity 
caused by prolonged exposure to sunlight hastens ripening in grapes, mangoes and avocado (Hass), 
improve fruit size (mango), and quality in avocado (Fuerte & Hass) by increasing fruit firmness and oil 
composition of the fruit with the increase in of specific fatty acids. In citrus peel, the color development is 
totally temperature dependent. At high temperature the accumulation of β-citraurin pigment associated 
with color development, is decreased and prevent in attaining the deep color of peel. Changes in ripening 
are likely to occur when fruits are exposed to high temperature. In papaya,, high temperature stresses 
inhibited ethylene production and cell wall softening. Fruit flavor is also influenced by high temperature.   
In apple, high temperature increases the sugar content.   In grapes in also enhances the sugar content 
while lowers tartaric acid content. Increase in the level of flavonoids results in antioxidant capacity in 
strawberry and has direct influence of color of fruit, will have more at the expense of fruits. The 
temperature extreme (40oC) induce metabolic disorders and facilitate fungal and bacterial invasion. 
Strawberry is considered as most vulnerable soft fruit in changing climate, mainly due to emerging pests 
like vine weevil and invading new pests like Spanish slug. Due to high temperature apple shows sunburns, 
development of water core and loss of texture. It’s anticipated that under warmer conditions, fruit crops 
will be harvested with higher pulp temperatures demanding more energy for cooling and raising product 
prices.  
Heat and solar injury of some fruit crops are 
Apple: Skin discoloration, pigment break down & water soaked areas; Avocado: Skin & flesh browning, 
increased decay susceptibility; Lime: juice vesicles ruptures, formation of brown spots on fruit surface; 
Pineapple: Flesh with scattered water soaked areas translucent fruit flesh. The expected raise in 
temperature CO2 concentration may strongly stimulate grapevine production without causing negative 
repercussions on quality of grapes and in turn wine. Visible injury symptoms of exposure to low ozone 
concentrations include changes in pigmentation, a.k.a bronzing, leaf chlorosis, and premature senescence. 
Ozone exposure causes reduction in photosynthesis and increased turnover of antioxidant system. Ozone 
reduces net photosynthesis and impaired stomatal function, with these effects depending on the 
irradiance environment of the canopy leaves. The present review of the pertinent literature related to 
plant responses to ozone exposure reveals that these are considerable variation in species response. 
Exposure of crops to elevated concentrations of atmospheric ozone can induce external and internal 
disorders, which can occur simultaneously or independently. These physiological disorders can for both 
fresh market and processing by causing such symptoms as alterations in starch and sugars contents of 
fruits. Decreased biomass production directly affects the size, appearance and other visual quality 
parameters.  
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To meet the challenge of global warming there is need of adopting strategies in order to sustain fruit 
production. Mitigating strategies include selection of fruit crops with physiological and morphological 
adaptations to withstand adverse varieties which can withstand high temperature, drought and perform 
better in term of yield and quality. Underutilized crops appear to be the crop of future needs and sustain 
the effect of climate change. 

Food Security in India 
Agriculture is the backbone of Indian economy. It contributes around 14.1% of the national income of 
and provides employment to 64% of Indian working force. Further, it feeds 121crore (population 
census 2011) of human population of India directly or through the generation of economic activities of 
the country. Even after achieving self-sufficiency in food production, India still lacks access to balance 
food. The average per capita intake of cereals (426.9% g/day in 2011-12) has remains satisfactory but 
there has been a fall in the per capita consumption of pulses (35.8 g/day in 2011-12). On the contrary, 
it’s a matter of concern that the production and consumption of vegetables (156MT & 350 
g/person/day in 2011-12 respectively) and fruits (76MT & 172 g/person/day in 2011-12) continue to 
remain low. Hence food security in India’s major cause of concern for the country. WDR (World 
Development Report)-1986 defined food security as “access by all people at all times to enough food for 
an active, healthy life”. However, FAO (Food and Agriculture Organization)-1983 defined food security 
as “ensuring that all people at all times have both physical and economic access to basic food they 
need”. The concept of food security has been discussed mostly in making available minimum quantity 
of food grain to entire population. However, a household is considered food-secure when its occupants 
don’t live in hunger or fear of starvation. Right from the beginning, the Indian planners realized the 
importance of attaining self sufficiency in food grains. Thus food security has become of the important 
goals of planning. The urgency to achieve food security is revealed in March 2013, when revised NFSB 
(National Food Security Bill)-2013 was tables in parliament on 22 March 2013. The bill seeks “to 
provide for food and nutritional security in human life cycle approach, by ensuring access to adequate 
quantity of quality food at affordable prices to people to lead a life with dignity and for matters 
connected there with and incidental thereto”. 
India is having the world’s second largest arable land base (after US) and the second largest irrigated 
areas (after China). India’s per capita arable land is roughly comparable to that of Italy or Germany. 
Further, much of the land in India could be as competitive as Thailand and Indonesia in agri-food 
production is suitable reform is undertaken. However, the production is doing much satisfactory. India 
is having the largest food security schemes, some of which are PDS (Public Distribution System)- 1960, 
RPDS (Revamped Public Distribution System )-1992, TPDS (Targeted Public Distribution System)-
1997, MDM (Mid Day Meal)-1975, AAY (Antyodaya Anna Yojana)-2002 and many more. In this context, 
slow growth in the agricultural sector remains a cause of concern.   The Government of India uses a 
variety of policy instruments to achieve sustainable food self sufficiency.  The overall record of China on 
food security appears to be better than India indicating India has miles to go towards not only in food 
self sufficiency but also in balanced food security. India is having tremendous hidden potential, which 
needs to exploit to achieve the goal. Green revolution in India has pushed India towards food 
sufficiency. A bigger push is required in all the states to achieve sustainable food security.   
 

Climate Change & Its Impact on Food Security 
Climate change will affect all 4 dimensions of food security, namely food availability (i.e. production and 
trade), stability of food supplies, access to food and food utilization. Food security depends not only on 
climate and socio-economic impacts, but also and crucially so, on changes to trade flows, stocks and food-
aid policy. Climate Change Impacts on food availability – Production and Trade Pasture, Crops, Livestock 
Production. Agriculture output in developing countries is expected to decline by 10-20% by 2080. 
Depending on whether there are beneficial effects from CO2 fertilization. Technological changes over the 
next decade is unlikely to be sufficient, which underlines the need for the wider utilization of effective and 
efficient existing technologies to alleviate the losses or to increase yields enough to keep pace with 
growing food demand. Climate change and variability impacts on food production (food availability) will 
be mixed and vary regionally. Recurrent severe droughts in several countries of Africa over the past 3 
decades illustrate the potentially large effects of local and/ or regional climate variability of crops and live 
stock. A reduction in the production potential of tropical developing countries, many of which have poor 
land and water resources and are already faced with serious food insecurity, may add to the burden of 
these countries.  
Globally, the potential for food production is projected to increase with increases in local average 
temperature over a range of 1-3oC, but above this it’s projected to decrease. Evidence from models from 
the 4th IPCC assessment suggests that moderate local increases in temperature along with associated CO2 
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increase and rainfall change, can have small beneficial impacts on major rain-fed crops such as (maize, 
wheat, rice) and pastures in mid to high latitude regions. In seasonally dry and tropical regions, even 
slight warming (~1o C) has increasingly –ve impacts on global food production in all regions. 
 Fisheries & aquaculture production: Increases in temperature are leading to changes in the 

distribution of marine fisheries and community interactions. Brackish water species from delicate 
estuarine ecosystems are particularly sensitive to temperature and salinity changes. Water 
temperature increases lead to mortalities of crustacean and shrimp post larvae. Regional changes in 
the distribution and productivity of a particular fish species are expected due to continued warming 
and local extinctions will occur at the edges of ranges, particularly in fresh water and diadromous 
species such as salmon or sturgeon. Increases in atmospheric CO2 are raising ocean acidity which 
affects calcification processes, coral reefs bleaching and the balance of food web.  

In relation to aquaculture production, increases in sea water temperature have been associated with 
increased densities of Vibrio species in shelf fish and algal blooms in the aquaculture industry, which are 
major causes of diarrhea and food toxicity, respectively. Global warming will cofound the impact of 
natural variation on fishing activity and complicate management. The sustainability of the fishing 
industry of many countries will depend on increasing flexibility in bilateral and multilateral fishing 
agreements, coupled with international stock assessment and management plans. 
 Trades of crops & forestry: Trade in cereal crops, livestock and forestry products is projected to 

increase in response to climate change, with increased dependence on food imports for most 
developing countries. Exports of temperate zone food products to tropical countries will rise, while 
the reverse may take place in forestry in the short-term. 

 Food availability, stability, & access: Changes in patterns of extreme weather events will affect the 
stability of, as well as access to, food supplies. Recent modeling studies suggest that increasing 
frequency of crop loss due to these extreme events may overcome +ive effects of moderate 
temperature increases. For forests, elevated risks of fires, insect outbreaks, wind damage and other 
forest-disturbance events are projected. This change in frequency of extreme events is likely to 
disproportional impact smallholder farmers and artisanal fishers. Food insecurity and loss of 
livelihood would be further exacerbated by the loss of cultivated land and nursery areas for fisheries 
through inundation and coastal erosion in low-lying areas.  
Climate-related animal and plant pests and diseases and alien invasive aquatic species will reduce the 
availability of quantities of food, influence the stability of the production system and reduce food 
access through reduction of income from animal production, reduction of yields of food and cash 
crops, lowered forest productivity and changes in aquatic populations, as well as increased costs of 
control. Food prices may have an impact on food access of households, by limiting the acquisition of 
appropriate foods for a nutritious diet and the purchasing power of food aid programmes. Climate 
variability and change will likely contribute substantially to rising food prices.  

 Health & food utilization: Climate change may affect health outcomes and food utilization with 
additional malnutrition consequences. For example, populations in water-scarce regions are likely to 
face decreased water availability, particularly in the subtropics, with implications for the 
consumption of safe food and drinking water.  Flooding and increased precipitation are likely to 
contribute to increased incidence of infectious and diarrheal diseases. The risk of emerging zoonosis 
may increase due to changes in the survival of pathogens in the environment, changes in migration 
pathways, carriers and vectors and changes in the natural ecosystems. The increased livestock 
populations in new areas with concomitant disease threats need to be addressed.  

 Vector-borne diseases: Climate change plays an important role in the spatial and temporal 
distribution of vector borne diseases such as malaria. Climate change will have mixed effects on 
malaria distribution. In the long term, in some areas the geographical range will contract due to the 
lack of the necessary humidity and water for mosquito breeding. Elsewhere, the geographical range 
of malaria will expand and the transmission season may be changed.  

 Diarrheal diseases: Most of the projected climate-related disease burden will result from increases 
in diarrheal diseases and malnutrition. Diarrheal diseases particularly affect nutrient absorption and 
food utilization.  

Abiotic Stress in Crop Plants 
Global climate change implies simultaneous modification of multiple environmental drivers (CO2, water 
availability & temperature), but the mechanisms of acclimation to nitrating environmental stresses are 
still poorly understood. To understand such responses interactive environmental variables, structural 
and physiological controls on photosynthetic and respiratory acclimation and stress-induced OVC 
(Volatile Organic Compound) emissions, which are produced during oxidative signaling, are studied.  
There is need of some factors by every plant, viz. light, temperature, air and water, etc and for some 
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chemical factors, viz. inorganic nutrients, organic moieties, etc.  in optimum amount and in available form 
at a right time as its nutritional requirements for its proper growth and development. Any deviation from 
this optimal condition of any factor essential for its growth will lead to aberrant change in physiological 
processes and due to this plant body will experience tension and this state can be referred as plant under 
stress. When this condition prevails for some time stress causes injury with or without producing visible 
symptoms, can be referred as strain. Injury occurs as a result of uncharacteristic metabolism and may be 
expressed as reduction in growth, yield or value, or death of the plant part or entire plant. 
The term stress is most often used subjectively with various meanings. The physiological definition and 
appropriate term for stress are referenced as responses to different situations. The flexibility of normal 
metabolism allows the development of responses to environmental changes, which fluctuate regularly 
and predictably over daily and seasonal cycles. Thus, stress plays a pivotal role in determining interaction 
outcomes because it strongly influences the strength of underlying +ive and –ve influences. Stress is the 
strength of +ive interactions increases with increasing stress [as defined as any external abiotic  (heat, 
water, salinity)  or biotic (herbivore) constraint that limits the rate of photosynthesis and reduces a 
plant’s ability to convert energy to biomass] except at the most extreme levels.  In contrast, the strength of 
negative interactions is either unrelated to stress and remain consistently high, or alternatively, 
decreases with increasing stress. Each every species of plants has some specific environmental and 
chemical (nutritional) requirements in a particular range in available form (optimum condition) at 
specific times of its life cycle for its normal and proper growth and development. If conditions are not so 
that if these factors are in deficient or excess amount than its requirement plant will experience bodily 
tension (stress) which has potential to produce injury with or without visible symptoms (strain) which 
cause a definite loss in growth, yield, or value of the product, or death of the plant or plant part due to 
aberrant changes in physiological process brought about by one or a combination of environmental and 
biological factors. 
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