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 INTRODUCTION 
           Wheat is amongst most important cultivated cereal crop in India. 
Major wheat growing areas is north part of India include Punjab, Haryana, 
Uttarpradesh and Bihar. The growing requirement for cereals can be 
fullfilled by enlarging the cultivation areas and increasing the production of 
main cereals such as wheat (Triticum aestivum L.). Soil salinization is the 
important for limiting the growth, development and productivity of wheat 
(Gasimova and  Azizov 2016). Currently, different types of researches at 
different levels are being conducted on how to improve the plant tolerance 
against unfavourable biotic and abiotic stress. Using salt-tolerant varieties 
is one of the methods to overcome the negative effects of salinity. To 
optimise productivity and to decrease the production loss creation and 
cultivation of salt- tolerant varieties should be done.(Ouhaddach et al 
2018). Among several stress encountered by cultivated varieties of Wheat 
soil salinity, presence of heavy metals and utilization of industrial effluents 
as means of irrigation are among major environment stress affecting 
growth and productivity of Wheat plants. Present review provides an insight 
into major impact of these environmental stress on different wheat 
varieties. 

Effect of salt stress
          The tolerance of plant to salt depends on their ability to maintain ions 

+homeostasis, maintaining low concentrations in Na+ and high in K .The 
quality of the wheat grain progressively becomes worse and the 
productivity decreases under salinity. Stomatal conductance, 
photosynthesis, the reason for the decline growth of plants is the decrease 

+ -in osmotic potential and increase in the concentration of Na  and Cl  
(Gasimova, AzizovI (2016). Several studies found that increasing 
concentrations of salt led to decrease the germination rate (Ungar, 1996; 
Rogers et al ., 1995) and high concentration of salts has detrimental effects 
on germination of seeds (Kayani, and Rahman,  1987); Rahman  et al., 
2000). Soil salinization is the important for limiting the growth, development 
and productivity of wheat. Table 1 summarizes findings of several studies 
conducted to evaluate the impact of salt stress on various varieties of 
wheat.

              Several studies have been to assess effect of salt stress on growth 
of wheat conducted on wheat, in a study conducted by  Datta et al.,  (2009) 
on HOW 243, RAJ-4101, RAJ-4123,HD-2689 and HD-2045 varieties 
treated with 0, 5, 25, 75,100, 125,150mM NaCl in which germination rate, 
root length, shoot length, protein content, chlorophyll content was found to 
decrease with increase in concentration of salt. Sugar and proline content 
increased upto 100Mm and then decreased significantly at 125 and 
150Mm concentration of salt. 
          Ouhaddach et al., (2018) studied different physiological and 
morphological changes in two wheat varieties Achtar and Salama treated 
with 50, 75 and 100 mM concentrations of NaCl in which decrease in Chl a 

and Chl b was reported while Chl t content  increased. Height, leaf number 
and leaf area decreased, membrane stability index increased, glucose 
content in leaf and root first decreased and then increased, proline content 
in leaf slightly decreased and then increased, was recorded in Achtar. In 
Salama variety decrease in Chl b and Chl t upto 75 Mm was obtained and 
then increased, Chla content was not affected by salt. Height, leaf number 
and leaf area decreased, membrane stability index increased, glucose 
content in root first decreased and then increased and in leaf glucose 
content increased, proline content in leaf initially decreasesd and then 
increased. In another study on different wheat varieties Gobustan, 
Leyagatli, Murov-2, Sheki-1, Mirbashir-128, Aghali and Bezostaya was 
conducted by Gasimova  and Azizov  (2016) in which plants were treated 
with 0, 150, 200 mM concentrations of NaCl. The study reported decrease 
in germination rate, root length and seedling length decreased with 
increasing salt concentration. 
         Bhutta (2011) evaluated the effect of salt stress on S-24 and DN-27 
varieties of wheat treated with NaCl solutions of concentration 80 and 160 
mol/m3. Marginal decrease in shoot length on  80mmol was reported 
however shoot length decreased significantly when concentration of NaCl 
was increased to 160 mol/m3;  SOD, CAT and POD activity increased in S- 
24 and in DN- 27 The effect of 80mmol shows slightly difference in shoot 
length, after exposure to 160mmol the shoot length was decreased to 25% 
and 30%. SOD, CAT and POD activity increases with increase in 
concentration of salt was recorded.

Effect of metal stress
 Heavy metals occur naturally in soil are basically those with high 
densities, atomic weights, or atomic numbers. Geological and 
anthropogenic activities like mining and smelting of metals, burning of 
fossil fuels, use of fertilizers and pesticides in agriculture, production of 
batteries and other metal products in industries, sewage sludge, and 
municipal waste disposal increase the amount of heavy metals in soil 
which is harmful for both plants and animals. Some of the heavy metals 
such as Co, Cu, Fe, Mn, Mo, Ni, V, and Zn are required in minute quantities 
by organisms. Excessive amount of these metals can become harmful for 
organisms. Heavy metals such as Cr, Cd, Mn and Zn which at low doses 
are considered as essential micronutrients for the growth of plants and 
animals, but at higher concentrations cause toxic effects such as metabolic 
disorders and growth inhibition (Jarup  2013; Azevedo and Lea 2005).

 Some other heavy metals like Pb, Cd, Hg etc. has no beneficial 
utilisation for organisms but these are regarded as the main threats as they 
significantly affect plants and animals.Contamination of soil in cultivated 
fields with toxic heavy metals such as cadmium, copper, nickel and zinc 
has emerged as a new challenge to agriculture. The metals most 
damaging to crops are Cd, Cu, Mo, Ni, Pb and Zn (Lasat 2002). 
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Wheat is one of the most crucial food crop cultivated in India and across the world on large scale to meet the nutritional demand 
of ever increasing human population. Like any other food crop cultivation, growth and productivity of wheat is also challenged by 
environmental stress among which soil salinity, presence of heavy metals in soil, drought and release of industrial effluent 
(textiles, pharmaceuticals, leather, paper and pulp and other industries) are of prime concern. Several studies have been 
conducted to evaluate effect of salt, metals and effluent on growth of wheat varieties and a general consensus reveal negative 
impact of such environmental stress not only on growth (germination rate, shoot length, root length, etc) but also on productivity 
(number and size of grains, protein content, etc).  Hence there are required measures to be taken to control unrestricted release 
of untreated industrial effluent in agricultural fields and also to check other factors (use of chemical fertilizers, etc) which may 
adversely affect nature of soil. Reduction in utilization of polluted/ toxic waste water, replacing chemical fertilizers by 
biofertilizers, selection of stress tolerant varieties can collaboratively result in optimum growth and maximum productivity. 

Review Article 
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Table-1: Summary of effect of salt on various cultivated wheat varieties

 Salt Treatment  Plant variety Response Author  

1
 

NaCl
 

0, 5, 25, 
75,100, 
125,150
mM

 

HOW 243, RAJ -4101, 
RAJ-4123,

 
HD-2689,

 

HD-2045
 

Germination rate, Root length, Shoot Length, 
Protein Content, Chlorophyll content 
decreases as increases in concentration of salt.

 

Sugar and Proline content increases upto 
100mM

 

and then decreases significantly at 
125 and 150mM

 

concentration of salt.

 

Datta
 
et al

 

(2009)
 

2

 

NaCl

 
 
 50, 75 

and 100 
mM

 Achtar

 

Decreased in Chla and

 

Chl b and Chl t 
increased. Height, leaf no. and ,leaf area 
decreased, membrane

 

stability index 
increased, glucose content in leaf and root first 
decreased and then increased, proline c ontent 
in leaf slightly decreased and then increased.

 

Ouhaddach 
et al

 

(2018)

 

   

Salama

 

Decreased in Chl b   and Chl t upto 75 Mm 
and then  increased,

 

Chl a content was not 
affected by salt. Height, leaf no. and ,leaf area 
decreased, membrane stability index 
increased, glucose content in root first 
decreased and then increased and in leaf 
glucose content increased, proline content in 
leaf slightly decreasesd and then increased.

 
 

3

 

NaCl

 

0, 150, 
200 mM

 

Gobustan, Leyagatli, 
Murov-2, Sheki -1, 
Mirbashir-128, Aghali, 
Bezostaya

 

Germination rate, root length and seedling 
length decreased with increasing salt 
concentration.

 

Gasimova 
and

 

Azizov 
(2016)

 

4

 

NaCl

 

80 and 
160 
mol/m3

 

S-24 

  

Marginal decrease in shoot length on  
80mmol; shoot length decreased significantly 
on exposure to 160mmol;  SOD, CAT and 
POD activity increased.

 
 

Bhutta W 
M  (2011)

 
 
 

DN-27

  

The effect of 80mmol shows slightly 
difference in shoot length, after exposure to 
160mmol the shoot length was decreased to 
25% and 30%.

 
 

SOD, CAT and POD activity increases as 
increase in concentration of salt.

 

5

 

NaSO4, 
NaCl, 
CaCl2

 

& 
MgCl2

 

in 3:1 
ratio

 

0, 4, 8 
dSm-1

 

Raj-4037

 

Raj-3077

 

Salt stress registered a significant decrease in 
plant height, leaf area, number of effective 
tillers per plant, number of spikes per plant

 

in 
variety Raj-437

 

Salt stress has no significant effect on variety 
Raj-3077

 

Dadrwal

 

et 
al

 

(2018)

 

6

 

NaCl

 

0-1M

 

Raj 3756, WH 1080, 
RSP 561 and C 306

 

Root length, shoot length, chloro phyll content 
and germination % decreased with

 

increase in 
conc.

 

of the sa lt except variety C-

 

306 which 
has no significant effect on germination %.

 

Attri H et 
al

 

(2018)
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 Gram's Reaction Catalase Coagulase Citrate Urease Indole Organism 

 + + + - - - Staph aureus 

 + + NA + - - Bacillus spp 

 - + NA - - + E. coli 

 - + NA + + - Klebsiella spp 

 - + NA + - - Salmonella spp 

 - + NA - - - Shyella spp 

 

 Gram's Reaction Catalase Coagulase Citrate Urease Indole Organism 

 + + + - - - Staph aureus 

 + + NA + - - Bacillus spp 

 - + NA - - + E. coli 

 - + NA + + - Klebsiella spp 

 - + NA + - - Salmonella spp 

 - + NA - - - Shyella spp 

 

 Gram's Reaction Catalase Coagulase Citrate Urease Indole Organism 

 + + + - - - Staph aureus 

 + + NA + - - Bacillus spp 

 - + NA - - + E. coli 

 - + NA + + - Klebsiella spp 

 - + NA + - - Salmonella spp 

 - + NA - - - Shyella spp 

 

 

Metal Treatment  Plant variety Response Author 

Lead (40ppm) CHAKWAL97 Decrease in shoot length  Bhatti  et 
al 2013  (60ppm) SEHAR 2006 Shoot length decreased significantly as compared 

to control 

Lead 0, 2, 4 and 
8 g/kg

 
PBW 343, 

PBW 373
 

Germination rate, root length, shoot length and Pb 
tolerance index decreased with

 
increase in conc.

 
of 

lead and minimum recorded at 8g/kg
 

Srivastava  
et al

 
2018

 

Mercury
 

100ppm
 

LOK –
 
1

 
Highest germination rate (41%)

 
Saraswat , 
et al

 
2018

 
 UP –

 
2338

 
Lowest germination rate (30%)

 

PBW–154, 
PBW-

 
502

 Moderate Germination rate (39%)
 

200ppm
 

LOK–1,UP-2338
 

Germination rate was moderate (17%)
 

PBW –
 
154

 
Highest germination rate (25%)

 

PBW -
 
502

 
Lowest germination rate (17%)

 

300ppm
 

LOK –
 
1

 
Highest germination rate (9%)

 

UP–2338, PBW 
–

 
154

 Germination rate was moderate (7%)
 

PBW -
 
502

 
Lowest germination rate (3%)

 

Mercury
 

25, 50, 75, 
100 ppm  

 Blue Silver, 
 

Punjab 85

 Germination rate was enhanced and max. 
Recorded at 25ppm 

 Jamal et al
 

2006

 
 

FeCl3, 
 

0.2 mg/L

 
 
 
 
 

Cumhuriyet-75

 

Content of  Chl a and Chl b increased; Proline 
content decreased; Protein, MDA and H 2O2 content 
increased; Activity of  APX, SOD decreased and 
CAT, GUPX increased

 

 

Turfan , 
Mutlu E

 

(2018)

 
 

Selimiye-95

 

Content of Chl a decreased and Chl b increased; 
prolineand  H 2O2content

 

increased; Protein and  
MDA content decreased; Activity of  APX, CAT,  
GUPX increased and SOD increased.

 

NiCl2

 

0.2 mg/L

 
 

Cumhuriyet-75

 

Content of  Chl a and Chl b decreased; Proline 
Protein and  H 2O2

 

content decreased and MDA 
content increased; Activity of  APX, SOD and 
GUPX decreased and CAT increased

 

Turfan N,  
Mutlu E

 

(2018)

 
 

Selimiye-95

 

Content of Chl

 

a increased and Chl b decreased; 
proline

 

and  H 2O2

 

content increased; Prote in and  
MDA content

 

decreased; a ctivity of  APX, SOD,  
GUPX decreased and CAT increased .

 

ZnCl2

 

0.2 mg/L

 
 

Cumhuriyet-75

 

Decrease in Chl a and b, protein content compared 
to control;  MDA and H2O2

 

increased; activity of  
APX  increased; acti vity off CAT, GUPX, SOD 
decreased

 

as compared to control.

 
Turfan N,  
Mutlu E

 

(2018)

 
 

Selimiye-95

 

Chl-a increased, Chl -b decreased ; proline and 
H2O2

 

content

 

increased; APX, GUPX and SOD 
decreased and CAT increased

 

compared to control.  

 

CaCo3

 

 

0.2 mg/L

 
 

Selimiye-95

 

Chl a and b decreased along with decrease in 
Proline, Protein and  H 2O2

 

content and increase in 
activity of MDA; activity of  APX increased and 
CAT, GUPX and SOD decreased. 

 
Turfan N,  
Mutlu E

 

(2018)

 
 

Cumhuriyet-75

 

Content of  Chla increased and Chl b decreased; 
Proline, Protein and  H 2O2

 

content increased and 
MDA content decreased; Activity of  CAT and 
GUPX decreased and APX and SOD increased 

 

Cadmium

 

0, 5, 20, 50 
and 80 mg 
L-1

 
Sehar-06, 
Fareed-06, 
Inqlab-91, 
Chakwal-50

 

 

Germination rate decreased with increase

 

in the 
conc. of 

 

Cadmium, Tolerance index decreased

 

in 
each variety with increase

 

in the conc.

 

of cadmium 

 
Ahmad et 
al

 

2102

 
 

Table-2: Summary of effect of different metals on growth of various wheat varieties.
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 Gram's Reaction Catalase Coagulase Citrate Urease Indole Organism 

 + + + - - - Staph aureus 

 + + NA + - - Bacillus spp 

 - + NA - - + E. coli 

 - + NA + + - Klebsiella spp 

 - + NA + - - Salmonella spp 

 - + NA - - - Shyella spp 

 

 Gram's Reaction Catalase Coagulase Citrate Urease Indole Organism 

 + + + - - - Staph aureus 

 + + NA + - - Bacillus spp 

 - + NA - - + E. coli 

 - + NA + + - Klebsiella spp 

 - + NA + - - Salmonella spp 

 - + NA - - - Shyella spp 

 

 Gram's Reaction Catalase Coagulase Citrate Urease Indole Organism 

 + + + - - - Staph aureus 

 + + NA + - - Bacillus spp 

 - + NA - - + E. coli 

 - + NA + + - Klebsiella spp 

 - + NA + - - Salmonella spp 

 - + NA - - - Shyella spp 

 

It is reported that changes in photosynthetic activity are the main factors 
that decrease yield and quality in wheat within this context((Makino, 2001; 
Molas, 2002). On the other hand, heavy metals are abiotic factor that 
interfere in the development of seed germination. The presence of heavy 
metals in the soil contaminates the water and impedes the absorption of 
plant nutrients causing structural, physiological, biochemical and 
morphological changes, change the leaf morphology of wheat and causes 
oxidative stress in the leaf tissue thereby damaging the chloroplast 
membrane respectively. While decrease in area and length of leaf cause 
reduction of the photosynthesis capacity, oxidative stress leads to 
degradation of chloroplast structure thereby breaking up the pigments, 
reducing enzyme activities responsible for chlorophyll synthesis and 
consequently decreasing the amount of photosynthetic pigments. Table 2 
summarizes findings of several studies conducted to evaluate the impact of 
presence of heavy metals in soil on various varieties of wheat.
 Bhatti (2013) conducted a study on wheat varieties Chakwal and 
Sehar in which effect of  40ppm and 60ppm lead concentration was 
analysed. The study reported to decrease in shoot length in both varieties. 
Another study conducted by Srivastava (2018) on wheat PBW 343 and 
PBW 373 at 0, 2, 4, 8g/kg concentration shows seed germination rate, root 
length, shoot length andPb tolerance index decreased with increase in 
concentration of lead and minimum recorded at 8g/kg. Effect of mercury 
was studied on different varieties of wheat at different concentrations at 
100, 200 and 300ppm, in varieties LOK-1, UP -2338, PBW-154 and PBW- 
502 shows highest germination rate (41%), Lowest germination rate (30%) 
and moderate germination rate (39%) at 100ppm and in LOK-1 and UP-
2338, PBW-154, PBW-502 exhibited moderate Germination rate (17%), 
highest germination rate (25%), lowest germination rate (17%) at 200ppm 
and in varieties LOK-1, PBW-154 and UP- 2338, PBW- 502 shows highest 
germination rate (9%), moderate germination rate (7%) and lowest 
germination rate (3%) conducted by Saraswat  et al., (2018).
 Jamal (2006) conducted a study on wheat varieties Blue silver 
and Punjab 85 at 25, 50, 75 and 100 ppm of HgCl  and germination rate was 2

enhanced and maximum recorded at 25ppm in Blue Silver  and 
germination rate was enhanced and maximum recorded at 25ppm in 
Punjab 85.
 Tufan and Mutlu (2018) conducted a study to evaluate effect of 
different metals on growth of two varieties Cumhuriyet-75 and Selimiye-95 
at 0.2 mg/L by NiCl , ZnCl ,CaCo  and FeCl ,  and Content of  Chl a and Chl 2 2 2 2

b increased; proline content decreased; protein, MDA and H O  content 2 2

increased; Activity of  APX, SOD decreased and CAT, GUPX increased in 
Cumhuriyet-75 and Content of Chl a decreased and Chl b increased; 
proline and  H O  content increased; Protein and  MDA content decreased; 2 2

Activity of  APX, CAT,  GUPX increased and SOD increased in Selimiye- 95 
treated by FeCl .  Content of Chl a and Chl b decreased; proline, protein 3

and  H O  content decreased and MDA content increased; Activity of  APX, 2 2

SOD and GUPX decreased and CAT increased in Cumhuriyet-75 and 
Content of Chla increased and Chl b decreased; proline and  H O  content 2 2

increased; Protein and  MDA content decreased; Activity of  APX, SOD,  
GUPX decreased and CAT increasedin Selimiye-95 treated by NiCl  .  2

Decrease in Chl a and b, protein content compared to control;  MDA and 
Hydrogen Peroxide level is increased; activity of  APX  increased; activity 
off CAT, GUPX, SOD decreases as compared to control in Cumhuriyet-75 
and Chl-a increased, Chl-b decreased;  Increased proline and H O  2 2

content; APX, GUPX and SOD decreased and CAT increases as compared 
to control in variety Selimiye-95 treated by ZnCl . Chl a and b decreased 2

alongwith decrease in proline, protein and H O  content and increase in 2 2

activity of MDA; activity of  APX increased and CAT, GUPX and SOD 
decreased in cumhuriyet-75 and  content of  Chl a increased and Chl b 
decreased; proline, protein and  H O  content increased and MDA content 2 2

decreased; activity of  CAT and GUPX decreased and APX and SOD 
increased in Selimiye-95 treated by CaCO . Study on Cadmium  conducted 3

by Ahmad (2012) on different wheat varieties Sehar-06, Fareed-06, Inqlab-
91, Chakwal-50 at different concentrations of cadmium 0, 5, 20, 50 and 80 
mg L-1 concluded germination rate was significantly effected and 
decreased as increase in the concentration cadmium and tolerance index 
was decreased in each variety with increase in the concentration of 
cadmium.

Effect of industrial effluent 
 With the rapid industrialization has comes advancements, 
development and production of wide range of products including textiles, 
cosmetics, pharmaceutical products, food products etc. Along with several 
achievements there has been several concern pertaining to impact of  
industrialization on environment and ecosystem .Generation of huge 
amount of industrial effluent its treatment and its release is of prime concern 
most of industrial effluents find their ultimate release disposal into 
agricultural land or crop fields. Industrial effluents have been reported to 
contain presence of heavy metals, high proportion of  TDS , phosphate, 
sulphate and other toxic chemical depending upon the industry and the 
chemicals utilized during production and processing.
 Several studies conducted have provided an insight into the 
potent impact of such effluents on growth and productivity of Triticum 
aestivum. In a study conducted by Varma and Sharma (2012) effluent of 
dairy and textile industry effluent  on growth of T. aestivum was analyzed. 
Textile industry effluent was reported to exert higher growth inhibiting effect 
as compared to dairy industry effluent, However regular decrease in radical 

and plumule length was reported with increasing concentration of both 
industry effluents the same study also reported  (number, length and weight 
of seeds) was directly proportional to concentration of effluent. Raju et al 
2015 analyzed the effect of effluent obtained from pharmaceutical and 
battery industry on growth of rice and wheat and reported corresponding 
decrease in shoot and root with increasing number of days of exposure to 
effluent. In an another study conducted by Pandey and Singh (2015) effect 
of textile industry effluent on productivity of wheat (variety HD 1553) was 
evaluated. The Study reported positive impact of effluent on number of 
grains obtained per year, car length were reported to be higher in plants 
irrigated with effluent compared to control. This may be attributed to 
presence of nutrients in effluent. However, the quantity of plants irrigated 
was inferior when compared to control plants as protein content was lower 
in plants irrigated with effluent. Along with this lower moisture content was 
also reported in plants treated with effluents.

Effect of drought stress
 Drought is another environmental stress known to significantly 
affect growth and productivity of Wheat. Although wheat is known to exhibit 
tolerance to drought conditions but the extent of tolerance varies from 
variety to variety. In a study conducted by Ali et al.,  2013 effect of drought 
was analyzed on twelve genotypes of Wheat, various parameters  
including relative leaf water content, turgidity, and yield. The study reported 
genotypes Tatara, ZAS-42, ZAS-08 and Ghaznavi-98 to be more drought 
tolerant varieties. Similarly, Jahan and Ahmed 2017, selected fifteen 
different genotypes of wheat and reported reduction in yield in all 
genotypes when cultivated under drought stress, however there was 
significant amount of variation with maximum yield loss obtained in SATYN-
25 and minimum effect of drought was obtained on genotype SATYN-25.   
Several studies have reported drought stress to affect overall yield in terms 
of number of spikes and number of grains (Chandler and Singh 2008; 
Giuanta et al.,1993; Simane et al., 1993). Several  other studies have also 
reported yield loss in cultivated wheat varieties due to drought (Balla et 
al;20111; Daryanto et al., 2016,2017) In a recent study conducted by Yu et 
al., 2018 effect of drought on yield of winter wheat was evaluated in region 
of Eastern China. The study investigated effect of different intensities of 
drought and revealed incipient drought to exert no significant effect on 
winter wheat yield however on exposure to moderate drought stress yield 
was considerably decreased. With an increase in drought stress 
simultaneous increase in leakage of electrolyte has been reported as the 
plant progresses towards maturity. The major effect of drought on 
cultivation of wheat is experienced during vegetative phase when poor root 
development occurs due to drought which eventually results in decreased 
leaf size, leaf area, number of leaves which ultimately leads to overall yield 
loss (Boonjung and Fukai 1996; Zhang et al.,2018). Leilah et al., 2005 also 
reported drought to have a sound effect on panicle number, weight of grain 
and yield of wheat. Nowshwewan et al., 2018 selected fifteen wheat 
genotypes, cultivated under drought stress and evaluated changes in 
proline content, stability of cell membrane. Among all the varieties studied 
Maxi-pak was found to be most suitable variety (among the varieties 
analyzed) which can further be utilized to develop drought tolerant 
varieties. 

CONCLUSION
 Salt, metal and industrial effluent enriched with potentially toxic 
components decrease germination rate, growth and productivity. Efforts 
are required to minimize environmental pollution especially restricting use 
of effluents for irrigation and production / selection of stress tolerant 
varieties for maximizing growth and yield.
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