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Abstract: About 9% of area on earth is under crops out of which 91% is under various stresses. On an average, about
50% yield losses are due to abiotic stresses mostly due to high temperature (20%), low temperature (7%), salinity (10%),
drought (9%) and other abiotic stresses (4%). As there is no scope for increasing area under agriculture, the increased
productivity from these stressed land is a must to meet the ever increasing demand. Further, the severity of abiotic
stresses is likely to increase due to changing climate leading to adverse effect on crops. Therefore, abiotic stresses like
drought, salinity, sodicity, acidity, water logging, heat, nutrient toxicities/ deficiencies etc need to be effectively addressed
through adoption of management practices like tillage and planting options, residue management, sowing time, stress
tolerant cultivars, irrigation scheduling and integrated nutrient management to conserve natural resources, mitigating their
adverse effect and sustainable wheat production.
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INTRODUCTION tion, contamination, rapid dehydration during seed
germination etc, generally occur on a smaller saaké
so are less noticeable. If more than one abiotesses
occur together then their effect is more deleterithan

d's third | ft X dri i their single occurrence effect. According to world
world’s third largest crop after maize and ricefies  oqimates, an average of 50% vyield losses in dgricu

about 218.5 million hectare which is roughly 4%@ tural crops are due to abiotic factors like higmpera-
global area conducive for crop productlon,_ WIFh an ¢ re (20%), low temperature (7%), salinity (10%),
average yield of 3'26. t HFAO, 2014).' With in- ._drought (9%) and other forms of stresses (4%) (&erk
creased global population and changes in consumptio o o1~ 1994 and Thilert 2006).

preferences there h?‘S been substantial increage- i_n Among Southeast Asian countries like India, areemor
mand for ¥vhehat during tge. past 53 yelejrsd Worldw'de’challenged with multitude combinations of several
22hZ r:\/lt or w %at was emg; produced during 19E1abiotic stresses. These countries are facing reduci
whic mcrg_ase. to 713 .Mt grlng 201'3 (Fig. 1). T €trend in productivity due to frequent droughts ofig,
corresponding increase in India was from 10.9 Mt todegradation of land, fluctuating temperature etwsy
9‘." N.It. (F'g'. 2) durmg this time pe”o‘?‘ (USDA, 2014) the main task ahead is to protect/ save natural re-
Significant increase in wheat production was duti€ o, 1ces from being depleted, so as to maintairaisust
Green Revolution in mid 1960s, which involved the oy in production or to attain a goal of fooecsirity
adoption of semi-dwarf high-yielding varieties of ¢ yhe nation. As wheat is the important food cp
wheat coupled with appropriate management practicehese countries, so our due focus was to susta@atwh

for achieying greater producti_vity. . . production which can be done by mitigating the effe
Introduction of semi dwarf high yielding varietie® of commonly occurring abiotic stresses.

doubt has increased the prodl_Jction of _fOOd Crops byrq ameliorate the effect of abiotic stresses @nptio-
many folds but also resulted in depletion of ndtura j,.tion of wheat crop, one should know about the
resources due to their exhaustive exploitation.This P ’ ;

ultimately caused imbalance to the ecolop thust-i types (-)f abiotic stressors (F_lg.3) and opt forebqﬂg-

. y o 9y ronomic management practices to alleviate theeotff
ing problems of ab|ot|p stresses. The most populafrha se of tillage methods like No-Till, Zero tijla
abiotic stresses are, high temperature, drougbddfl i or without residue retention not only helps to
and other natural disasters. The lesser knownsstres mitigate the effects of high temperature stressatad

i.e. poor edaphic conditions, high radiation, compa pe|ng in conserving moisture and organic mattehén
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Globally, only 9% of the area is conducive for crop
production, out of which 91% is under different
stresses. WheatT(iticum aestivumL.) which is
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field, thereby maintaining the soil health of theld. outside this range. Soil pH affects the soil's dals
Early sowing or timely sowing of crop can save one chemical, and biological properties and procesass,
irrigation in wheat crop by utilizing the residuabis- well as plant growth. Because pH levels control ynan
ture available in soil after harvest of paddy ceoml ~ chemical processes that take place in the soikeifip
also helps crop in escaping terminal heat streks. T cally, plant nutrient availability, so it is vitéb main-
use of different irrigation methods like sprinkleiga- tain proper pH level for getting full yield potealiof a
tion and drip irrigation gives good crop yield izihg plant. The amendments done to maintain pH level as
scarce water resources and saline water for ifoigat required by the plant differs with respect to tieet of
The nutrient management options like INM, site spe-soils and are discussed in detail as under:-
cific nutrient management, use of NDVI for nitrogen Soil acidity: Soil acidity is one of the most yield-
application and fertilizer application on the basfs  limiting factors for crop production. Theoreticalisoil
soil test values helps in correcting nutrient defi- acidity is quantified on the basis of hydrogeri)(eind
cies and toxicity in the soil as well as in plafihere-  aluminium (AP*) concentrations of soils. For crop pro-
fore, the above management options can be used atuction, however, soil acidity is a complex of nume
tools to mitigate the effect of upcoming abiotiesses  ous factors involving nutrient/element deficienciesl
in wheat production which is the need of hour apd-c  toxicities, low activities of beneficial microorgams,
certed efforts are made to do research in this trea and reduced plant root growth which limits absanpti
sustain productivity on ecological basis. of nutrients and water. In addition, acid soils édow
TYPES OF ABIOTIC STRESSES AND METHODS water-holding capacity an(_j are subje_ct to compactio
and water erosion (Fageria and Baligar, 2003).sSoll
TOMITIGATE THEIR EFFECT become acidic when basic elements such as calcium,
Soil degradation: It is one of the severe problem in magnesium, sodium and potassium held by soil col-
Southeast Asian countries with high demographispre loids are replaced by hydrogen ions. Soils formed u
sure. For preventing soil degradation, the maindss der conditions of high annual rainfall are moredaxi
are, controlling soil erosion, preventing eutroplicn ~ than are soils formed under more arid conditions
of surface water and contamination of groundwater,(Mohebbi and Mahler, 1988). Thus, most of the south
combating desertification and enhancing soil carboneastern soils are inherently more acidic in nathas
seqguestration to improve the soil quality/produtfiv soils of the Midwest and far West. Plant available
More than 800 million hectares of lands throughbet ~ forms of N, S and P are reduced in acidic soils, ian
world are salt-affected (including both saline aodic ~ symbiotic N fixation by leguminous crops because
soils), equating to more than 6% of the world’satot nutrient transformations and nitrogen fixation aee
land area (FAO, 2010). Among the south-east Asianstricted in acidic soils, which is due to reducetivity
countries like India, approximately 25 Mha of soil of the microorganisms that are responsible foryiagr
are affected by soil acidity which is 30 % of thec  these processes. The availability of nutrientslemts
rent area under cultivation (Sharmial.,2012). And s altered by soil pH (Figure 4).
about, 6.7 Mha land is affected by salt stresselsidin In acidic soils, the availability of the major ptamutri-
ing 3 Mha by salinity and 3.7 Mha by alkalinitysdi  ents nitrogen, phosphorous, potassium, sulphur, cal
tributed in 15 of the 29 states. Crops grown omliaci cium, magnesium and also the trace element molybde-
soils (pH <5.5) typically suffers from aluminium [JA  num gets reduced and on the other hand the aiailab
toxicities and deficiencies of phosphorus (P), boro ity of iron, manganese, copper, zinc and aluminarm
(B) and molybdenum (Mo) (Mora&t al., 2007, Po- also higher in acidic soils and may become toxig: A
schenriedeet al, 2008) and thus have very low pro- 8000
ductivity. These soils need to be reclaimed antilfer
ized time to time to ensure adequate supplieutf-n
ents to crops. Amendments like application of gypsu
is essential to reclaim alkali soils while apprétga
leaching of salts and use of efficient sub-surf@@en-
age system is required for saline-waterlogged soils
Approximately, 12 M ha area is waterlogged and
floods prone, where productivity of arable cropssge
severely affected. Hence the challenge is to develo §
best combinations of resource management prat¢tices o
combat these edaphic stress prone areas.
Soil pH: Soil pH is a measure of the acidity and alka- J 5
linity in soils. pH levels range from 0 to 14, with
being neutral, below 7 acidic and above 7 alkalire Vear

optimal pH range for most of the plants is betwB&  Fig 1. Global wheat area and productioSdurce: 1960-
and 7.0; however, many plants can thrive at ptdegl  2013: USDA 2014)
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plication of lime to such soils helps in raisitngir pH
and thus maintains the optimum availability ofsthe
nutrients.

Factor s affecting soil acidity

Rainfall: Water (HO) in the form of rain drops
combines with carbon dioxide (GPto form a weak
acid-carbonic acid ()£0s). The weak acid ionizes, 05). So, application of lime increases soil pH aled
releasing hydrogen (Bl and bicarbonate (HG{ The creases exchangeable Al and available Fe and Zn ion
released hydrogen ions replace the calcium iond helthereby increases translocation of P, Cu, Mn ahdrot
by sail colloids, causing the soil to become acidiee nutrient ions. This resulted in overall increasehio-
displaced calcium (C3) ions combine with the bicar- mass production and grain yield of wheat crop
bonate ions to form calcium bicarbonate, whichngei (Tsadilaset al, 1995. The increament in wheat grain
soluble, is leached from the soil. The net effacini was recorded using 1 tonn"himes treatment despite
creased soil acidity. the soil pH profile being similar to the un-limedre
Nitrogen Fertilizers: Long-term use of ammonium trol. It was observed that the un-limed treatmesd h
fertilizers, removal of cations in the harvestedtion the most weeds so, the reason for increament may be
of crops and leaching process, and release of mrganthe less weed competition for water and nutriemts u
acids in decomposition of crop residues and addedier 1 tonn halime treatment. (Chris and Joel, 2010).
organic wastes decrease soil pH resulting inamd- Soil alkalinity: Soils having pH greater than 7 are
ity (Fageria and Baligar., 2005). Use of adequateconsidered as alkaline soils. Alkaline soils arense
amounts of nitrogen fertilizer is fundamental fagher times referred to as “sweet. Alkali, or alkalin®jls
yield of crops under all ecosystems. Urea and ammoare claysoils with high pH (> 8.5), having poorlsoi
nium sulfate are dominant nitrogen carriers usead fo structure and a low infiltration capacity (Bolt, 819.
crop production around the world. The acidificatmfn = Often they have a hard calcareous layer at 0.5 to
soils by using the ammonium form of nitrogen fértili 1 meter depth. Alkali soils owe their unfavorable/g-

ers can be explained by the following equation: ico-chemical properties mainly due to the domirgtin
NH," + 20, NOz+ 2H,0 + 2H presence of sodium carbonate which causes theéosoil
The oxidation of NH'in the above equation is known swell and difficult to settle. They derive theirma

as nitrification which is carried by heterotropliind  from the alkali metal group of elements to whicle th
autotrophic bacteria. The most important autotrophi sodium belongs and that can induce basicity.

genera of bacteria are Nitrosomonas and NitrobacterFactors causing soil alkalinity: The causes of soil
Use of legume crops continuously or in rotation canalkalinity are both natural and man-made. The @dtur

overall retarded crop development (Kochétral, 2004,
Kanyanyueet al, 2002, Ligeyo and Gudu, 2003-05). The
detrimental effect of H+ ions is not as distinctthat

of Al¥*cations, but excess of H+ ions in acid soils af-
fects plant root membrane permeability and theesfor
interferes with ion transport (Ligeyo and Gudu, 200

increase soil acidity.
Amendments to correct soil acidity: Liming- Soil
acidity has a negative effect on crops mainly tigioR
unavailability from P fixation in soils because the
and Al soil components (sesquioxides) fixes sizeabl relatively high proportion of sodium bicarbonatasy

quantity of P. Excess Alions from soil acidity tend to

development is due to the presence of soil minerals
producing sodium carbonate upon weathering. The
man-made development is due to the application of
irrigation water (surface or ground water) contagna

repeated addition of lime to soil without its need.

accumulate in plant roots and thereby prevent P, MdProblems due to soil alkalinity: Alkali soils are diffi-
and other ions translocation to the tops from thas,

as evidenced by the inhibition of root elongatiomd a

100
90

e R TR S R =]
o o o o o o

o

Production { Million metric tons)
Area (million hectares)

—=
L R ]

1960
1963

= Proguction

= frea Harvested

1966
1969

1972
1975

1978
1981 -
1984

Years

1987 -
1990

1993 7
1996

Fig. 2. Wheat area and production in
2013; USDA, 2014).

2002 -

2008 -
2011

2014 -

1999 |
2005

Indi&qurce: 1960-

cult to take into agricultural production. Rainwate
stagnates on these soils easily and, in dry pergumits
become too hard. Crop production is limited to srop
tolerant to surface water logging (e.g. rice, gea¥s
and the productivity is low.

Amendments to correct soil alkalinity: Alkali/sodic
soils with solid CaC@can be reclaimed with grass
cultures, ensuring the incorporation of mulch dgidi
ing organic material into the soil,

Leaching of the excess sodium.

Deep ploughing and incorporating the calcareous sub
soil into the top soil.

By adding acidifying minerals like pyrite

Use of gypsum, because it reacts with sodium catkon
to convert into sodium sulphate which is a newadtland
does not contribute to high pH (Chhaletaal, 1996).
Where urea is available cheaply to farmers, it @lao
used to reduce the soil alkalinity / salinity priiha
(Abrol et al, 2012). The NE (Ammonium) present in
urea which is a weak cation releases the strorigrcat
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Na from the soil structure into water. Thus allsails delayed until after the terminal spike formationbyr
absorb / consume more urea compared to other soils. withdrawing stress at the late leaf primordial stay
Most efforts are therefore directed to improve te double ridge stage.

layer only (first 10 cm of the soils), as the tagdr is  Also, short periods of salt stress during organegien
most sensitive to structure deterioration (Chhadra have irreversible consequences on wheat growth and
al., 1996). development (Grieveet al,2001). Salt stress hastens
Soil salinity: Soluble salts provide most of the ele- reproductive development but adversely affectsespik
ments essential for plant growth, but their exsassi development and decrease the yield potential ofitvhe
levels can be injurious. So, soluble salts whesgme  Amendments to correct soil salinity: Scraping-

in excess amount and became injurious to plant, theScraping of salts by using mechanical ways improves
soil is said to be saline. Saline soils usuallytabna  plant growth temporarily, as the salts accumulgtEra
mixture of salt constituents such as chloridedases,  and again.

carbonates and bicarbonates of sodium, calcium anélushing: In soils having crust and low permeability,
magnesium. The proportions may vary widely from washing away the surface salts by flushing good-qua
place to place depending on source of salts. ity water over the surface is helpful in removirge t
Salt affected soils are commonly found in arid andsalts.

semi-arid regions, where annual precipitation sufn  Leaching: leaching of salts using irrigation or rain
ficient to meet the evapotranspiration demand /seedwater is the only practical way to remove excess sa
of plants. As a result, salts remain in the sgitfaand  from the soil.Leaching works well on saline soils hav-
do not get leached down, and they remained in theng good structure and internal drainage. To leach
amount which is detrimental to the plant growth. highly saline soil, one need to apply as much as 48
Since, the saline soils have abundant nutrientrvese acre-inches of water. An acre-inch is the volume of
due to less removal by plants and yearly additibn o water that would cover 1 square acre to a depth of
fertilizers , they have potential productivity ilmgnd-  inch (27,152 gallons).

ments done timely and correctly Improving drainage: In soils with poor drainage,
Effects of soil salinity: Saline soils have friable struc- deep tillage helps to break up the soil surfacevels
ture Permeability of soil to water and air is rieséd. as clay pans and hardpans, that restricts the dawhw

Salinity affects plants in different ways such & o flow of water.
motic effects, specific-ion toxicity and/or nutatial Reducing evaporation: Applying residue or mulch to

disorders (Lauchli and Epstein, 1990). the soil reduces evaporation losses, thus decrélases
Salt stress retarded leaf development and tillebng  accumulation of surface saft®rovin and Pitt, 2001).
hastened plant maturity. Moisture stress: Water is becoming scarce not only in

Grain yields were maximized when salt stress wasarid and drought prone areas but also in regiorsrevh
rainfall is abundant. Plants experience water stres

AblOtIC Sl[ESSOIS either when the water supply to their roots becomes
limiting, or when the transpiration rate becomes in
I l \ tense. Water stress is primarily caused by a vebeés
4 Ca, Mg
Atmosphere Soil Water _g
Rainfal + Problem soils + Sub-optimal Q
v Temperature - Sekl - Drought = N, S, K
= Hazt wariRy o a L] i
el ot « Supra-optimal -
- Coldchiling - Aoty e o
= [Frost - :'."ﬂ'”.'r L E
v Gasses - Alkali'sodicity [ >
m 3 = Spawaterinarecsion —
- W + Pollution Sam e e
. 33:15 ) o Waterlog =
- Nethane - Mengroves =
- Folsonous gasses g
+  Radiation - (Gaseoustoxing <
- W + Degradation Fe, Mn, Cu, Zn, Al
= lonization Mot Ao
v Wind I 4.5 5.5 6.5 7.5
- Kerosols — Soldes Soil DH

- Soilisand shifting

Fig. 3. Abiotic stressors affecting Indian Agriculture  Fig- 4. Relationship between soil pH and nutrient avail-
(Source: Vision 2030, NIASM) ability (Source: DAFWA Bulletin 4784).
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Fig. 5. Damaged wheat spikes when frost occurred at
different time of earhead emergence. ( Original tpho
graphs taken by one of the author Dr. R. K. Sharma).

cit, such as a drought or high soil salinity. Psatny to
adapt to the stress conditions with an array of bio
chemical and physiological interventions. Moisture
stress affects wheat growth from germination till
physiological maturity. The stress response in whea
and other crops depends upon the severity of thesst
rate, duration of exposure and the plant developahen
stage (Bartel and Bartel, 2003).

The tillage options like zero tillage, No-Till witbr
without residue retention and FIRB with residuesnet
tion on bed reduces the water runoff in the ardas o
heavy rainfall and undulating land. This reduces th
top soil loss which is most fertile and also widlsidue
retention there is build up of organic matter ia Hoil,
ultimately bringing sustainability in production @&va
period of time. Also ZT helps in lowering the stm-
perature and maintains soil moisture content, tiegul
plant to carry out its metabolic process at theepac
required for its optimum growth and development.
FIRBS recorded the lowest consumptive use of wate

120

i maturit
100 1 flowering  kernel filling y

heading

(o4
o

o]
o
L

= N uptake
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Fig. 6. Percent of total biomass and N uptake during the
growing season at various wheat Growth stadgsmifce:
Brown et al., 2005)
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(30.07 cm) and the highest water-use efficiency’ @4
kg/ha-cm) in comparison to other methods of sowing
(conventional and side sowing on ridges). Among irr
gation schedules, irrigation at CRlI + 100 mm CPE
recorded the highest water-use efficiency (142/f&g
cm) (Idnani and Kumar, 2013).

The consistent reduction in runoff coefficientdrisat-
ment with permanent raised beds with 30% standing
crop residue retention and no-tillage on the tophef
bed was due to the capacity of the 25-35 cm wide fu
rows to retain a large proportion of runoff as aespr
sion storage. Reduced runoff means an improvement i
the soil water status in the root zone and a réaudn

soil loss, which in turn leads to reduced land ddgr
tion and reduced crop water stress (Tesétyal,
2012). A maximum grain yield of 5.20 tonnes ‘haas
obtained with no water stress treatment. All levas
water stress except —0.5 MPa during flowering te ma
turity decreased the grain yield as compared tonthe
stress treatment. Results indicate that, the wiregt
should be irrigated at 50% depletion of availaliéd s
water (ASW) (Singtet al, 1983). Crops are sensitive
to water stress during the reproductive growth estag
and yields will be impacted during this time period
When producers have limited water supplies, buehav
control over when they can irrigate, limiting water
during the growth stages that are least sensitivea-

ter stress while saving water for the critical gtiow
stages can be a valuable strategy to maximize
yield return from water.

Hence, scheduling irrigation according to growth
stages of crop, use of efficient sowing methods; pr
viding extra irrigation if available and irrigatidmased

on moisture status of soil results in maximizingeah
grain yield.

Water logging: Water logging occurs when there is
insufficient oxygen in the soil pore space for plan
roots to respire. Under such conditions, root hagmi
gases such as carbon di oxide and ethylene gets- ac
mulated in the root zone and thus affects the trow
and development of plant. Ethylene is produced both
by the roots and by microorganisms in waterlogged
soils. Ethylene is known to be a trigger (not a-pro
moter) of leaf senescence (Doagal, 1983). In the
northern Indo-Gangetic Plains of India alone, 2ib m
lion ha of wheat area are affected by irregularewat
logging (Sharma and Swarup, 1988). The effects of
waterlogging are most in regions of South and South
east Asia. In these countries, rice rotations aee-p
ticed on much of the land. Soils are generally pedid
to restrict water percolation and create floodedd¢o
tions for rice cultivation. Due to soil puddlingheat
that follows rice is planted under less than optistal
physical conditions. The soil pan that was created
tentionally for rice cultivation is often left uredurbed
and may create a barrier for water movement, cgusin
waterlogging in case of excessive irrigation onfail.
Even the Vertisols in high rainfall areas are mpostl
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kept fallow during monsoons due to water loggind an number of tillers than rest of sowing dates. Thesoa
only one crop is raised during the post-rainy seaso behind is the availability of maximum growing petio
Their productivity could be increased by practicing length in 20 November sowing than other dates @lat
raised sunken bed system that permits raising of tw al., 2013).

crops. Likewise, the waterlogged alluviums in easte Use of mulch/ Zero tillage- helps to protect semghi
India have water stagnating above ground for ower s from temperature stress. This keeps soil temperatur
months in a year. Because of these adverse physicédwer during the day by insulating it from incoming
conditions, only one anaerobic paddy crop with Byve solar radiation and conserving moisture. Mulch also
low yield potential of less than one tonri*fia taken. reduces soil cooling at night, the transpiratioagess
The ill effects of waterlogging can be decreasestlyj, get increased with lowering of soil temperaturee-, r
by addition of organic manure which improves the sulting reduction in the canopy temperature and thu
physico-chemical properties of soil, reduces soit s helps in overcoming the terminal heat stress imtpla
face crusting, enhance plant rooting, and allevihée  This delay the maturity period of the crop and thus
effects of pan formation on yields. Secondly, lsg ©f  results in increase in growth attributes and ulteha
FIRB method of planting which make it possible taid  the yield of the crop. Zero tillage option led to ian-
fields or keep a large portion of the root systeunh af provement in yield attributes, viz. plant heighffee-
waterlogged soils (Abebet al, 1992 and Tediet al, tive tillers m', grains per ear as compared to conven-
1994). Thirdly, adopting furrow or sprinkler ireiion on tional tillage method (Mishrat al, 2011).

waterlogging prone soils reduces the problem signif Use of sprinkler/drip irrigation: It helps in maintain-
cantly (Melhuishet al, 1991). Fourthly, by using wheat ing adequate soil moisture thereby reduces canoipy/s
genotypes which getting established once, can tgitils  temperature. The grain yield obtained using driigar
waterlogging up to 10 days with no yield loss,Hét tion was 24% higher than full irrigation treatmeamid
wheat leaves are not submerged. Generally, thetwhe&9% higher than the existing rule treatment (Kharro
plant’s tolerance to waterlogging increases wihailge et al, 2011).

or its stage, and the detrimental effect on yieéd d Low temperature: During flowering and initial grain
creases (Meyer and Barrs, 1988). Once the whept crogrowth of cereals, frost damage reduces the number
is established, many Also, the wheat crops can maké&ernels per spike. Due to frost thinner band foons
an amazing recovery following early waterlogging the spikes for each frost event, awns become camky,
stress, if supplied with extra nitrogen. spikes are upright near maturity because of leasgr
Temperaturestress weight (Figure 5). Low temperature during anthesis
High temperature: High temperature accelerates the stage increased pollen sterility, thus decreasergng
growth of crop by making it to enter into jointistpge  nation of pollen grains in both aestivum and durum
too early, thus reducing tillering period. Thisdsato ~ wheat. In wheat varieties where anthesis took piace
reduction in number of tillers, in turn reducingaio  the month of December and January face very low
crop yield. Similarly, high temperature at flowagin temperature leading to more number of sterile pelle
and grain filling stage shorten the duration ofigra and ultimately less yield of wheat crop. This shows
filling resulting in early maturity, thus reducinpe  that low temperature has profound effect on wheat
crop yield. Existence of high temperature at défear  crop. Early sown wheat crops will be most affedbgd
developing stages of the crop shortens the timmger low temperature because of more chances of occur-
of that particular stage and thus reduces the agtzam rence of low temperature during the anthesis stage.
tion of photosynthates necessary for getting optimu Prevalence of very cold weather can cause steslty
yield. An increase of 0.80C temperature resulted in high as 98% (Subeidi and Budhathoki, 1995, Subedi
decrease in duration of crop by seven days, reducinal., 1996). After emergence from the flag leaf sheath
yield by 0.5 tonn hain north India (Parrgt al,1992).  wheat ear is highly susceptible to damage by frost
Under high tempera-ture, the crop completes its lif (Marcellos and Single, 1984). Freezing temperature
cycle much faster than un-der normal temperature co can severely injure wheat at its reproductive stag
ditions (Fischer, 1985). The high temperature stres greatly reduce grain yields. So, there is a needeto
can be mitigated by making changes/ adopting newelop better practices to reduce the harmful eftdct
agronomic practices which are as under:- cold stress in wheat (Chakrabaatial, 2011).

Selecting optimum time of planting: It helps in avoid- ~ Nutrient deficiency/ toxicity: Plants require essential
ing high temperature stress during anthesis and fiita nutrients for normal functioning and growth. A glan
ing. High temperature at this stage shortens thsose sufficiency range is defined as the range of mitriecessary
and reduces vyield. Early sowing can avoid freqirent to meet the plant's nutritional needs and maxirgizevth.
and strong desiccating winds during grain fillingripd,  The width of this range will depend upon individpdnt
because the crop can not transpire fast enougledp k Species and the particular nutrient. Nutrient eeltside
cool which is necessary to protect the crop frompera-  of a plant’s sufficiency range decline overall cgypwth
ture stress. The crop sown on 20 November achieve@nd health due to either a deficiency or toxicity.
maximum height, dry-matter accumulation pfargnd  Nutrient deficiency occurs when an essential notrie
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is not available in sufficient quantity to meet tree
quirements of a growing plant. Toxicity occurs wteen
nutrient is in excess of plant needs and decrgalaes
growth or quality.

The three basic tools for diagnosing nutrient defie
cies and toxicities are

1) Soil testing

2) Plant analysis

3) Visual observations in the field.

With the introduction of Green revolution in Indizo
doubt we have become self-sufficient in terms aidfo
grain production. However, imbalanced use of inor-
ganic fertilizers and plant protection chemicals fo
maximizing yield has resulted in deterioration of
physical, chemical and biological health of ricereat
growing soils. The imbalanced and inadequate mitrie
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significantly by 16.1 and 15.5% and 26.1 and 24.8%,
respectively over no FYM during 2006-07. The corre-
sponding increases in grain and straw yield during
2007-08 were 15.3 and 13.8% and 26.4 and 24.7%.
The improvement in grain and straw yield with the
application of FYM was owing to the beneficial effe

of FYM on nutrient uptake, crop growth rate anddjie
attributing components (Singgt al, 2013).

Using site specific nutrient management practicer-av
age wheat yield was 3.7 t‘hawhich was 23% higher
than the recommended dose of fertilizers and 39%
than that with adoption of farmer practice. Alsathw
site specific nutrient management practice we get a
additional net income of Rs. 3060 1aad Rs. 4545 ha

! over recommended dose of fertilizers and farmer
practice, respectively (Maiét al,2006).

application by farmers has resulted in decrease inThe use of pocket sensor has excellent utility &k

wheat production. To maintain the fertility statos
soil under high intensity crop production, thereais
nual replenishment of those nutrients that are kemo
from the field by the crop. To overcome this prable
of nutrient deficiency/ toxicity, one should go fou-
trient management like INM, Site specific nutrient
management, use of remote sensing etc.

Fertilizers should be applied as per requirement f
optimal crop growth and according to agro climatic
situations. At the same time, negative impact déex
nal sources should be minimized. Over applicatibn o
fertilizers, which is neither inexpensive for famsién
developed countries, results in neither substdytial
greater crop nutrient uptake nor significantly kgh
yields (Smaling and Braun 1996). Rather, their exce

ing nitrogen recommendations. There was reduded
application and increased farmer profits by usieg-s
sor based nitrogen management. Using GreenSeeker
sensors, the average rate Mfapplication was 69
kgNha' less than that of the farmer practice (Ortiz-
Monasterio and Raun, 2007). For efficient use tbni
gen, the nitrogen fertilizer should be applied adow

to the N uptake and stage of the wheat crop. Cumula
tive nitrogen uptake in wheat follows a sigmoid (or
“S” shaped) curve giving rise to the three phases
(Figure6). Nitrogen uptake is slow during the early
growth phase from emergence into tillering
(Phasel).Rapid accumulation of nitrogen occurs in
Phase Il, corresponding stem elongation phase from
jointing to heading. Maximum N uptake occurs during

sive use is economically wasteful and can cause damthis period and reaches 2 —3 pounds per day wiéh to
age to the environment. Under application, on theuptake of approximately 100 to 150 pounds of N per
other hand, reduces crop growth and lower down theacre or more depending on the yield potential (Brow

yield. Improved and adequate application of inoigan
and organic fertilizer not only conserves nutrieints
the soil, but makes nutrient uptake more efficient.

et al, 2005). The plant accumulates most of the N up
to boot stage. Uptake slows during the third phase
flowering to maturity.

There are hardly any farm-level practices which are Hence, proper nutrient management techniques are

being conducted to monitor nutrient balances iarint
sively cropped areas. In intensively cultivatedaare
soils are being mined and nutrient content of oil
depleting continuously. Nitrogen is costly inpuidaa

major share of it is used for cereal cultivatiorheT
cost of nitrogen fertilizers is increasing day bgyd

Under such a situation, suitable alternative notrie

required to correct nutrient deficiency /toxicity i
wheat crop, there by maintaining soil physical,rohe
cal and biological properties thus bringing susthih
ity in crop production.

Depleting water quality: In arid and semi-arid re-
gions of the country, scarcity of good qualitygation
water is a major limiting factor for crop productio

combinations are to be evaluated. Nitrogen is mostWhile irrigated agriculture has greatly increaseopc

important element for optimum functioning of crops

productivity, inappropriate and inefficient use iof-

(Shivay, 2007) and most crops makes inefficient usegation water has resulted in polluting surface wate

of nitrogen. Often less than 50 percent of applied
trogen is found in the harvest crop. Biofertilizeng
eco-friendly and low cost inputs and have tremesdou
potential for supplying nutrients, which can redtioe

and groundwater, damaged productivity and altered
the ecology of vast areas of land. Indiscriminate of
fertilizers, herbicides and pesticides has contateih
surface and groundwaters in many areas. In India an

inorganic fertilizer dose by 25-50% (Vance 1997 and estimated 32 billion of the 135 billion cubic mesterf

Ranat al2012). Also, FYM is a good source of nutri-
ents and contributed towards build up of organi¢-ma
ter in soil (Daset al2008). Application of FYM @ 5

and 10 tonnes Haincreased the grain and straw yield

groundwater withdrawn annually are saline (Minhas
and Samra, 2003). Saline groundwater results from
reactions that occur as water moves through thie soi
profile and from reactions that occur within growrd
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ter layers. Irrigating with saline groundwater cder Drip irrigation, is recommended for use of saliné i
grade land quality, causing long-term impacts apcr gation water as it reduces salinity and matricsses
growth and yields. in the rootzone, though salts accumulate in th@per
Mixing saline water with fresh water reduces the po ery of the wetted area. Additional water must be ap
tential usability of the total water supply. To dwab  plied, to leach out the salt that has accumulatethg
with this problem of saline water usage in agristgf  previous irrigations. The leaching requirement riyain
new techniques need to be developed and impledepends on salt content of the irrigation water and
mented. To reduce excessive water uses and conserdi@e maximum salt concentration permissible in thié s
the limited water supplies, better ways must benébu solution which in turn depends on the salt toleeaot

to implement existing methods more effectively. The the crop and the method of irrigation.

reuse of wastewater, including drainage water andCrop lodging: In recent years, lodging is reported to
shallow saline groundwater for crop production, mus be the most limiting factor in attaining higher \ahe
be made an integral component of irrigation wateryields (Ransom, 2005). It can cause yield losse®up
management system. Effective salinity control meas-40% if occurs during the 10 days after heading
ures must be developed and implemented to sustai(Kelbert et al,2004). Previous results suggest that
irrigated agriculture and to prevent pollution sbaci-  lodging is induced due to inadequate standing paiver
ated water resources. the crop and adverse weather conditions, suchias ra
To prevent the excessive accumulation of salt & th strong winds, and hail, especially in the last ghaf
root-zone from irrigation, extra water (or rainfathust  the crop’s growth (Rawson and Macpherson, 2000).
be applied in excess of that needed for ET reqirem Lodging of irrigated wheat can be controlled throug
of crop. Artificial drainage systems must be usethe  crop management practices and cultivar improvement.
absence of adequate natural drainage. The watier tabBed planted genotypes resulted over 50% less Igdgin
depth required to prevent a net upward flow of wate compared with flat planting (Tripathet al, 2005).
and salt into the root-zone is dependent on ifiegat Wheat grown on beds has less lodging effect due to
management and is not single-valued as is commonlynore vigorous stem development and also enables to
assumed (Schilfgaarde, 1976). exploit potential yield (Tripathiet al, 2002, 2005).
Management practices for the safe use of salinerwat Lodging was due to high velocity winds in February,
for irrigation consist of: i) Selection of crops orop March and April (71, 69 and 72 Km/h) coupled with
varieties that are tolerant to salinity or sodidi}ySpe-  rainfall especially in February and March (143 418

cial planting methods to minimize salt accumulaiion  mm) at milky stage of the crop. The situation ferth
the vicinity of the seed iii) Irrigation to mainte& high  aggravated due to soil textural class (silty clayhich
level of soil moisture and periodic leaching oftsah created temporarily water logged condition and thus
the soil iv) Use of land preparation methods foi-un favour root lodging of the crop. Care should bestak
form distribution of water and to increase inféition,  while applying the final irrigation to wheat thatight
leaching and removal of salts v) Special treatmentse light & at early grain filling stage (Khakwaei al,
such as tillage and additions of chemical amendspent 2010). Pinthus (1973) found that wheat crop sown un
organic matter and growing green manure crops ghoul der no till condition lodges less as compared ® th
be used to maintain soil permeability and tilth. crops grown on well ploughed land.

Use of micro-irrigation systems such as drip and Maintaining lower plant density helps in reducing
sprinklers, helps in better control on salt andewat lodging. Berryet al, 2000 found that by maintaining
distributions and thus enhanced the use efficiesfcy 200 wheat plants fas compared to 400 wheat plants
saline water especially for high value crops. Pre-m? reduces the lodging risk by increasing the sttengt
emergence application of saline water through sprin of the anchorage system by more than 50% and the
klers, lowers the concentrations of soluble satts i strength of the stem by 15%. The properties of soil
seedbed during germination and resulted in bettgy ¢ have also been found to have an important effect on
estalishment. As the germination and seedling establodging, as it has been predicted to be directbppr-
lishment stages have been identified as the semsiti tional to anchorage strength of the crop. A model o
stages in most crops, so better quality water shbal  soil strength developed by Baker al, 1998 showed
utilized for pre-sowing irrigation and during early that variation in clay content, moisture contentd an
stages of crop growth. Then we can switch over tocompaction alters the soil shear strength by madyfo
poor quality water when the crops can tolerate digh Another reason of crop lodging is application ofreno
salinity. nitrogen fertilizer and could be due to its prirhari
The sprinkler method of irrigation was superior to effect on the basal culm internodes. Increasingpit
check basin method in getting enhanced yield opgro gen dose resulted in 10-25 per cent increase igthen
under sodic soil and water conditions (Sidhpetial., of basal internodes (Gaet al, 1973; Pinthus, 1973;
2006). Addition of Gypsum @ 75% to neutralize sodic Knappet al, 1987; and El Debabst al, 1994). The N
water resulted in getting optimum yield in wheaihgs  nutrition had a direct impact on strength of wheat
sprinkler method of irrigation (Singlet al, 2002). culm. On an average, strength of stems was 20gvér c
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weaker at 240 kg N Hacompared to 160 kg N Ha ling plant form husbandry to minimise lodging in
application (Crook and Ennos, 1995). In anothedystu wheat.Field Crop Researct67: 59-81.

Garget al(1973) observed that the application of 200 Bolt G.H (ed.) (1981). Soil chemistry: A. basicretnts. El-
kg N ha' decreased the breaking strength Sfi@iter- sevier, Amsterdam, The Netherlands, 5a.en.wikipedja

node compared at lower N levels. Crop lodging can  Wwiki/Alkali_soils. _

also be reduced by the use of growth retardants.df)s Brown B., Westcott M., Christensen N., Pan B., andkSla
Ethephon at 0.28 kg a i hat DC 41 to 43 resulted in (2005). Nitrogen Management for Hard Wheat Protein
significant decrease in the length of peduncle,dbeid Enhancement. Pacific Northwest Extension publicatio

it d d also t tent b Lint de PNW578. www.plantbreeding.wsu.edu/pnw0578.pdf.
Internode and also to some extent basal Internoe ¢ g, ;o Salatiér, Bazanini Graciela Cristina, Bisilosé Guilherme

pared to internode lengths of control plot (Knapal, de, Andreotti Marcelo, ArfOrivaldo, Meira Marco Earguio
1987). Growth retardants, besides reducing plam, si de S4 e Flavia de Andrade (2006). Response dfuitrears
allows better nutrient utilization by the plant in- to nitrogen and growth regulator chlormequat otiorPesq.
sponse to physiological changes (Buzettial, 2006, Agropec. Bras., Brasilig1(12): 1731-1737.

Espindulaet al, 2009a). Chakrabarti B., Singh S.D., Nagarajan S.and AggaPRuél
Hence, lodging in wheat can be reduced by use of (2011). Impact of temperature on phenology andepoll
lodging resistant cultivars, planting method, rieting ;tgg'l'qté’eg;(‘é‘ghfg;galgit';%UStfa"an journal of crop
mtrogen.fertlhzer application, irrigation managent Chhabra R. (1996). Soil Salinity and Water Qualy-

at maturity stage and use of growth retardants. ford&IBH Publishing Co. Pvt. Ltd., New Delhi (South
Conclusion Asian edition) and A.A. BalkemaUitgevers BC, Rotter-

dam (edition elsewhere). ISBN 81-204-1049-1: 284.
To meet the food demand of ever growing population,Chris GazeyA. and Joel AndrewB. (2010). Getting gbié pH
there is need to reduce yield losses due to various Profile right helps with weed control and sustailitgb
abiotic stresses like problematic soils, tempegatur 2010 19th World Congress of Soil Science, Soil Ginis
stress, moisture stress, depleting water qualigtew fora Changing World1 — 6 August 2010, ant())anesmm
logging, nutrient deficiency/ toxicity, crop lodgjretc lia. Published on DVD.www.iuss.org/19th%20WCSS/

- . . - Symposium/pdf/0700.pdf.
because of changing climatic conditions and exhaus-c ook M.J. and Ennos AR. (1995). The effect ofagjem
tive use of natural resources. For this better unde and growth regulators on stem and root charadisist
standing of abiotic stresses and the ways to allevi associated with lodging in two cultivars of winter

their adverse effects is of immense importance.e Th wheat.Journal of Experimental Botang6: 931-938.

abiotic stresses could be managed to a great exyent DAFWA Bulletin 4784 "Soil Acidity — A Guide for WA

adopting suitable agronomic management practices farmers & consultants”, and the WA Soil Quality web

like adjusting the time of sowing, selection ofisesnt site www.soilquality.org.au/factsheefaccessed on 3rd
; ; ; August, 2015).

genotypes, selection of appropriate planting metho > . .

with respect to edaphic and climatic conditionghef dDaS A, Shivay Y. and Prasad M. (2008). Productioreptial

| dditi doti . ical and economic evaluation of cotton — wheat cropping
area. In addition, adopting conservation agriceltur system as influenced by prilled ureszotobacterand

pled with micro-irrigation systems like sprinklench of Sustainable Agricultur&2 (1): 37-50.

drip irrigation, soil amendments, integrated ang-si Dong, J.G., Z.W. Yu, and S.W. Yu. (1983). Effect iof

specific nutrient management can play a major ile creased ethylene production during different pesiod

increasing the crop productivity. the resistance of wheat plants to waterloggiAgta
Phytophysiologia Sinic®:383-389.
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