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RESEARCH ARTICLE

The ameliorative effects of exogenously applied proline on physiological and
biochemical parameters of wheat (Triticum aestivum L.) crop under copper stress
condition
Sibgha Noreena, Muhammad Salim Akhtera, Tayyaba Yaaminb and Muhammad Arfanb

aInstitute of Pure & Applied Biology, Bahauddin Zakariya University Multan, Multan, Pakistan; bDepartment of Botany, University of Agriculture
Faisalabad, Faisalabad, Pakistan

ABSTRACT
The presence of significant amount of heavy metals in rivers and canals due to mixing of untreated
industrial effluents is a common phenomenon, especially in developing countries. The agricultural
crops are influenced by the presence of various pollutants in the sewage, being applied for
irrigation purpose. The effluents containing copper affect the growth and development of crop
species, thereby, ought to be mitigated by foliar spray of osmoprotectants, e.g. proline. A pot
culture experiment was conducted at the University of Agriculture, Faisalabad-Pakistan during the
crop season 2015–2016. The treatments consisted of (a) three wheat varieties (Punjab-96, MH-97,
FSD-83), (b) two levels of copper (0, 400 µM) applied through rooting medium, and (c) two levels of
proline (0, 80 mM) applied through foliar application. The treatments were arranged in a
completely randomized design with four replications. The results showed that application of
400 µM copper caused a reduction in biomass accumulation, chlorophyll (‘a’ and ‘b’) contents, and
eventually yield (100-grain weight). There were also significant decreases in gas exchange
parameters (stomatal conductance, internal CO2 concentration), photosynthetic rate, water-use-
efficiency, and transpiration rate in response to copper stress. Metal toxicity caused the maximum
reduction in productivity of PSII, electron transport rate, and photochemical quenching, while
higher values of non-photochemical quenching were recorded in the wheat varieties. The activities
of antioxidant enzymes (superoxide dismutase, catalase, peroxidase), as well as quantities of
proline, protein and calcium contents were accelerated in response to copper stress. The uptake of
calcium, magnesium, and potassium constituents by plants was reduced, while assimilation
of calcium was increased in plants under copper stress. However, the occurrence of negative
effects on these parameters due to copper stress was mitigated by foliar spray of proline at the
rate of 80 mM solution. The exogenous application of proline at the rate of 80 mM resulted in
the reduction of generation of reactive oxygen species and enhanced accumulation of proline and
protein contents in wheat varieties under copper stress environment.
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Introduction

The production of agricultural crops is significantly influenced
by the presence of various pollutants in the sewage, being
applied for irrigation purposes (Yadav 2010). The accumu-
lation of heavy metals in the surface soil and their uptake by
the plants has caused serious concern related to food safety
for humans and livestock (Rehman et al. 2011). The agricul-
tural production areas contaminated with heavy metals ( i.e.
copper, cadmium, and nickel) have posed serious implications
to sustain crop production (Singh et al. 2007). The farming
communities in the vicinity of the industrial zones have
resorted to use municipal and industrial waste as a source of
irrigation water, considering it as a highly nutritive in nature
for raising their crops (Jamal et al. 2002; Ahmad et al. 2013).
On the other hand, these effluents are highly toxic for the
growth of plants, because of containing excessive amounts of
copper, lead, zinc, and nickel (Younas et al. 1998; Jamal et al.
2002). Among these heavy metals, copper is the most obnox-
ious metal which imposes health hazards to both humans
and livestock through food and fodder chain (Houshm and
Moraghebi 2011).

Copper (Cu) as a plant nutrient is involved in the mainten-
ance of a number of enzymes (Hall andWilliams 2003) and as a
co-factor in protein and enzymes (Yurekli and Porgali 2006;
Shar et al. 2011). However, its excessive concentration is rhizo-
sphere causes oxidative stress and reduces the activities, e.g.
physiological, photosynthesis and growth of plants (Adrees
et al. 2015). The higher content of Cu in the root zone causes
reduction in seed germination (Ouzounidou et al. 1992);
imbalance mineral concentration in plant system (Ke et al.
2007); photosynthesis (Nussbaum et al. 1988); Chlorophyll
contents (Zengin and Kirbag 2007); non-proliferationof roots
(Sheldon and Menzies 2005); inhibition of plant growth (Reh-
man and Iqbal 2006); reduction in uptake of essential nutrients
by roots (Michaud et al. 2008); and in certain cases, the death of
plants. The higher concentration of Cu caused oxidative stress
through generation of reactive oxygen species (ROS), such as
hydroxyl radical, superoxide radicals and hydrogen peroxide,
which disintegrated the cell membranes, and biological mol-
ecules through lipid peroxidation (Hall 2002; Mittler et al.
2004). The cumulative effects resulted in leaf chlorosis, reduced
plant growth and yield (Chen et al. 2007). The negative effects
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could be augmented by improvements in production of antiox-
idants enzymes and proteins (Imlay 2003; Brahim and
Mohamed 2011). The antioxidant defense systems, such as
superoxide (SOD) and catalase (CAT), act as scavengers of
toxic radicals and adapt to production of ROS. The SOD
induces the exchange of superoxide anions to water and hydro-
gen peroxide, while CAT decomposes hydrogen peroxide (Xu
et al. 2006; Frary et al. 2010).

The plants resort to defense mechanism through enhancing
the process of osmoregulation (Szabados and Savoure 2010).
The osmolytes maintain structure of proline and photosyn-
thetic apparatus and detoxify ROS through cellular osmoregu-
lar in response to abiotic stresses (Ashraf and Foolad 2007).
The adverse effects caused by copper stress could be alleviated
by foliar spray of osmoprotectants, particularly proline (El-
Sherbeny and Silva 2013). The accumulation of greater quan-
tum of proline in the plant system resulted in enhancing the
photosynthetic system and soluble protein (Shahid et al.
2014). Therefore, the research studies were undertaken to
quantify the effects of Cu stress on various physiological, bio-
chemical, and chemical attributes and to determine the efficacy
of proline to mitigate adverse effects on wheat crop.

Materials and methods

A pot culture experiment was conducted to quantify the
effects of proline under copper stress conditions on wheat
crop during crop season 2015–2016 at University of Agricul-
ture, Faisalabad-Pakistan. The treatments consisted of three
wheat varieties (‘Punjab-96g,’ ‘MH-97,’ ‘FSD-83’); two levels
of copper (0, 400 µM, CuSO4.5H2O) applied through rooting
medium and two levels of proline (0, 80 mM) applied exogen-
ously and arranged in a completely randomized design with
factorial arrangement with four replications.

The seed of wheat varieties was surface sterilized with 5.0 g
L−1 sodium hypochlorite solution for five minutes and air-
dried at room temperature before dibbling in the experimental
pots. Ten kilograms of washed river sand was filled in plastic
pots measuring 24.5 × 28.0 cm2 and having a drainage hole at
the bottom. The impurities from the river sand were removed
by a 10-hour leaching with 10% HCl followed by thorough
washing with deionized water. Approximately, 15 seeds of
wheat varieties were dibbled at 5 mm depth in each pot during
November 2015. The pots were irrigated with modified half-
strength Hoagland’s nutrient solution at every two days inter-
val (Hoagland and Arnon 1950; Epstein 1972). The evaporated
water was replenished with distilled water at other times. After
complete germination, five healthy and uniform in size seed-
lings were retained in each pot. The seedlings were treated
with various levels of copper nutrient solution through rooting
medium, while foliar spray of proline was carried out at 12th
day after complete germination. Proline was applied in combi-
nation with 0.1% (v/v) Tween-80 (polyoxythylene sorbiton
monoleate) surfactant to maximize penetration into leaf tis-
sues. Moreover, the untreated plants were also sprayed with
distilled water. A constant volume of 20 ml proline and/or dis-
tilled water was sprayed per pot to ensure full foliage coverage.

Morphological attributes

Biological yield and plant height
The plants were harvested at day 35 after sowing. The
material was washed with deionized water and blotted. The

plants were divided into leaves and roots. The quantum of
fresh weight of shoot and root was recorded. The material
was oven dried at 70°C for 24 h till the constant weight was
obtained.

Gas exchange characteristics
The measurements on various gas exchange characteristics
were recorded by employing LCA-4 ADC portable gas analy-
zer (IRGA) by selecting flag leaf as the diagnostic leaf. The
instrument was calibrated at 403.3 mmol m−2 s−1 for molar
flow of air, 99.9 kPa atmospheric pressure, 6.0–8.9 mbar
water vapor pressure, 1711 µmolm−2 s−1 PAR, 28.4–27.9°C
leaf temperature and 352 µmol mol−1 ambient CO2

concentration.

Chlorophyll contents

Data for chlorophyll content were collected by acetone
method. The 0.1 g of flag leaves were ground using pestle
and mortar in 5 ml of 80% acetone. The centrifuged extract
was then used for chlorophyll estimation. The readings
were recorded by employing U-2001 Spectrophotometer
and calculated by an equation:

Chl. ‘a’(mgml−1) = 12.7 (OD663) – 2.69(OD645)

× V/1000 × W,

Chl. ‘b’(mgml−1) = 22.9 (OD645) – 4.68(OD663)

× V/1000 × W.

Estimation of total soluble proteins

Total soluble proteins of fresh leaf samples were recorded by
method (Bradford 1976). For this assay, 0.5 g fresh leaves
were ground using a tissue grinder in 5 ml of 50 mM cooled
phosphate buffer (pH 7.8) placed in an ice bath. The hom-
ogenate was centrifuged at 15,000 rpm for 15 min at 4°C.
The supernatant was used for protein determination. Each
sample (0.1 µl) was taken in a test tube and mixed with
5 ml of Bradford reagent and incubated at 37°C for 10–
15 min along with blank. Reading for absorbance was
recorded at 595 nm employing spectrophotometer (IRMECO
U2020).

Proline determination

Proline contents were determined by Bates et al. (1973). 0.5 g
fresh healthy leaf tissue was homogenized in 10 ml of 30%
sulpho-salicylic acid and filtered with filter paper. Two milli-
liters of acid ninhydrin (prepared by mixing 1.25 g ninhydrin
in 30 ml glacial acetic acid) and 2 ml of glacial acetic acid
were added to the filtrate. The filtrate was mixed and heated
in water bath for 60 min at 100°C. The mixture was then
cooled and 4 ml of toluene was added and mixed. The chro-
mophore containing toluene was separated from the aqueous
phase and its absorbance was recorded at 520 nm with a spec-
trophotometer (IRMECO U2020). Proline concentration was
determinate by using following equation:

m mol proline/fresh weight (g)=

× (m g proline/ml ×ml of toluene/115.5) /g of sample.

222 S. NOREEN ET AL.



Determination of inorganic ions

Sulfuric acid (H2SO4) and hydrogen peroxide (H2O2) were
used in the process of digestion of plant material. 0.1 g
dried plant material (leaf and root) from oven-dried samples
and 2 ml of conc. H2SO4 were put into the digestion flasks
and incubated it overnight at 25°C temperature. 1 ml of
H2O2 was poured down through the sides of digestion flasks,
mixed and flasks were placed onto the hot plate and warmed
at 250°C until fume formation occurred. Heating was con-
tinuously done for 30 min and then digestion flasks were
removed from the plate. Above process was repeated, with
the addition of 1 ml H2O2 when needed, until the material
became colorless. Then the extract was put into the volu-
metric flasks and made the volume up to 50 ml, filtered and
used for inorganic ion determination.

Determination of mineral nutrients

The amount of dissolved mineral nutrients like potassium
(K+), calcium (Ca2+) and magnesium (Mg2+) was recorded
by using flame photometer (Model PFPI-7, Jenway, UK),
while copper (Cu2+) determination was done by Atomic
Absorption Spectrum.

Antioxidant enzyme extraction

For the determination of antioxidant enzymes, 0.5 g fresh leaf
samples were ground in tissue grinder in 5 ml of 50 mM
cooled phosphate buffer (pH 7.8) placed in an ice bath. The
homogenate was centrifuged at 15,000 rpm for 15 min at
4°C. The supernatant was used for the determination of
enzyme activities.

Superoxide dismutase

The activity of SOD was determined by measuring its ability
to inhibit production of nitro blue tetrazolium (NBT) (Gian-
nopolitis and Ries 1977). The 3 ml reaction solution con-
tained 50 µM NBT, 1.3 µM riboflavin, 13 mM methionine,
75 nM EDTA, 50 mM phosphate buffer (pH 7.8) and 20–
50 µl enzyme extract. Test tubes containing the reaction
solution were irradiated under light (15 fluorescent lamps)
at 78 µmol m−2 s−1 for 15 min. The absorbance of irradiant
solution was taken at 560 nm by spectrophotometer
(IRMECO U2020). One unit of SOD activity was defined as
the amount of enzyme that inhibited 50% NBT photo-
reduction.

Catalase and peroxidase

The CAT reaction solution (3 ml) contained 50 mM phosphate
buffer (pH 7.0), 5.9 mM H2O2 and 0.1 mM enzyme extract.
Change in the reaction solution at 240 nm was recorded
after every 20 s. One unit CAT activity was defined as an
absorbance range of 0.01 units per min. Peroxidase (POD)
reaction solution (3 ml) contained 50 mM phosphate buffer
(pH 5.0), 20 mM guaiacol, 40 mM H2O2 and 0.1 ml enzyme
extract. Change in the reaction solution at 470 nm was
recorded after every 20 s. One unit POD activity was defined
as an absorbance range of 0.01 units per min (Chance and
Maehly 1955).

Yield

At maturity, plants were harvested and data for 100-grain
weight from each pot were quantified.

Statistical analysis

The three-way analysis of variance of data for all the par-
ameters was computed by using a COSTAT computer pro-
gram (Cohort software Berkeley, California). The least
significance differences between mean values were calculated
according to (Steel et al. 1997).

Results

Morphological attributes

(a) Plant height

Data for plant height differed significantly (p < 0.05) in
response to wheat varieties, proline and copper levels, and
their interactive effects. The foliar spray of proline at the
rate 80 mM caused an increase in plant height by 19.41% in
‘Punjab-96’ over the unsprayed crop. The addition of copper
at the rate of 400 µM caused a reduction in plant height by
29.38% in variety ‘FSD-83’ over untreated plants (Table 1).

(b) Shoot and root fresh and dry weight

Data for fresh and dry weight of shoots differed signifi-
cantly (p < 0.05) due to different wheat varieties, levels of pro-
line and copper and their interaction as well. The foliar spray
of proline at the rate of 80 mM resulted in increased in shoot
fresh and dry weight by 19.7% and 18.0% in variety ‘FSD-83,’
respectively over untreated plants. The addition of copper at
the rate of 400 µM caused a reduction in shoot fresh and dry
weight by 42.1% and 42.3% in variety MH-97, respectively
over control plants. Similarly, the foliar spray of proline at
the rate of 80 mM resulted in increased in root fresh and
dry weight by 10.7% and 13.3% in variety ‘FSD-83,’ respect-
ively over untreated plants. The addition of copper at the
rate of 400 µM caused a reduction in root fresh and dry
weight by 25.9% and 34.0% in variety ‘MH-97,’ respectively
over control plants. Results showed that variety ‘FSD-83’
showed better accumulation of biomass when compared to
other two wheat varieties (Table 1).

Chlorophyll constituents

Data for chlorophyll contents ‘a’ and ‘b’ differed significantly
(p < 0.05) due to wheat varieties, proline and copper levels
and their interactive effects. Averaged across proline and cop-
per level, wheat variety ‘FSD-83’maintained higher chlorophyll
contents ‘a’ and ‘b’ by 17.8% and 10.1%, respectively, when
compared to other varieties. While the application of copper
decreased chlorophyll contents by 35.0% in variety Punjab-96
and 27.0% in variety ‘MH-97’ over untreated plants (Table 2).

Total soluble protein and proline contents

Data for proline content differed significantly (p < 0.05) in
response to wheat varieties, proline and copper levels and
their interaction too. The values of proline content in leaf
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tissues was increased significantly (72.9%) in variety ‘FSD-83’
due to copper presence in growing media. Similarly, total sol-
uble protein contents were also increased significantly in all
varieties especially in variety ‘MH-97’ (33.0%) due to copper
presence in growing media (Figure 1).

Antioxidant enzymes

Data for antioxidant enzymes was significantly (p < 0.05)
enhanced due to the imposition of copper in growing
media in all wheat varieties. The foliar spray of proline pro-
duced a little effect on increasing the levels of SOD. However,
the addition of copper at the rate of 400 µM caused an
increase in SOD by 58.14% in Punjab-96 over the untreated
crop. Amount of peroxidase (POD) differed significantly in
response to various treatments. The wheat variety ‘Punjab-
96’ maintained higher POD contents by 64.1% under
400 µM copper stress followed by ‘FSD-83’ and ‘MH-97’ var-
ieties. Data for catalase (CAT) differed significantly due to the
imposition of copper treatments by 25.4% in variety ‘MH-97’
when compared to untreated crop. Averaged across wheat
varieties and spray of proline caused an increase in SOD,
POD and CAT levels by 20.9%, 22.2%, and 9.1%, respectively
(Figure 1).

Gas exchange characteristics

Data for photosynthetic rate differed significantly (p < 0.05)
in response to wheat varieties, proline and copper levels,
and their interactive effects. The foliar spray of proline at
the rate of 80 mM caused an increase in photosynthetic rate
by 19.0%, transpiration rate by 6.8%, sub-stomatal CO2 con-
centration by 6.9%, stomatal conductance by 21.2%, and
water-use-efficiency by 11.4% over untreated crop. The
addition of copper at the rate of 400 µM caused a reduction
in photosynthetic rate by 26.06%, transpiration rate by
25.0%, sub-stomatal CO2 concentration by 16.2%, stomatal
conductance by 25.4%, and water-use-efficiency by 20.9%
over untreated crop. Based on gas exchange characteristics
variety, ‘FSD-83’ showed better results as compared to var-
ieties ‘MH-97’ and ‘Punjab-96’ (Figure 2).

Chlorophyll flourescence

Data for non-photochemical quenching co-efficient differed
significantly (p < 0.05) in response to wheat varieties, proline
and copper levels as well as their interaction. The values of
non-photochemical quenching co-efficient were decreased
by 14.9% in FSD-83 due to spray of proline chemical as com-
pared to non-sprayed plants. However, the addition of copper
at the rate of 400 mM caused an increase in non-photochemi-
cal quenching co-efficient by 23.6% in Punjab-96 over con-
trol. Data for efficiency of photosystem-II differed
significantly in response to treatments among varieties, the
wheat variety‘FSD-83’ maintained higher level of efficiency
of photosystem-II by 12.3% followed by varieties ‘MH-97’
and ‘Punjab-96’ varieties, whereas, the imposition of copper
decreased PII efficiency by 17.6% in variety ‘MH-97’ over
unsprayed crop. Similarly, the values for electron transfer
rate (ETR) were enhanced by foliar application of proline
by 12.7% in variety ‘FSD-83’ while the addition of copper
caused a reduction in ETR by 16.7% over untreated crop
(Figure 3).

Table 1. Effect of exogenously applied proline on fresh and dry matter yield
under copper stress condition.

Wheat line Proline (mM)

Copper level (µM)

Mean0 400

(a) Plant height (cm)
FSD-83 0 90.1 77.7 83.9

80 100.7 87.5 94.1
MH-97 0 77.1 67.1 72.1

80 83.0 75.6 79.3
Punjab-96 0 75.2 65.6 70.4

80 88.8 75.1 81.9
Mean 85.8 74.7
LSD (p < 0.05) = Line (L) 2.8**; Proline (P) 3.10**; Copper (C) 1.90**; LxPxC
3.79ns.

(b) Shoot fresh weight (g)
FSD-83 0 9.7 7.7 8.7

80 11.0 9.2 10.1
MH-97 0 7.5 5.5 6.5

80 8.6 5.9 7.0
Punjab-96 0 7.6 5.4 6.5

80 8.6 7.0 7.8
Mean 8.8 6.7
LSD (p < 0.05) = Line (L) 0.12**; Proline (P) 0.19*; Copper (C) 0.11**; LxPxC:
0.22ns.

(c) Shoot dry weight (g)
FSD-83 0 3.5 3.0 3.3

80 3.6 3.2 3.4
MH-97 0 1.5 1.2 1.4

80 2.6 1.6 2.1
Punjab-96 0 2.1 1.2 1.7

80 2.4 1.7 2.1
Mean 2.6 2.0
LSD (p < 0.05) = Line (L); 0.03** Proline (P); 0.12** Copper (C) 0.10**; LxPxC:
0.22 ns.

(d) Root fresh weight (g)
FSD-83 0 2.8 2.1 2.5

80 3.1 2.2 2.7
MH-97 0 2.7 2.0 2.4

80 2.9 2.4 2.7
Punjab-96 0 2.0 1.4 1.7

80 2.2 1.7 2.0
Mean 2.1 2.0
LSD (p < 0.05) = Line (L); 0.02** Proline (P); 0.10 ** Copper (C) 0.9**; LxPxC 0.19
ns.

(e) Root dry weight (g)
FSD-83 0 0.5 0.3 0.4

80 0.5 0.4 0.5
MH-97 0 0.4 0.2 0.3

80 0.4 0.3 0.4
Punjab-96 0 0.5 0.3 0.4

80 0.6 0.4 0.5
Mean 0.5 0.3

LSD (p < 0.05) = Line (L); 0.01**Proline (P); 0.02** Copper (C) 0.03**; LxPxC
0.11ns.

Table 2. Effect of exogenously applied proline on chlorophyll constituents.

Wheat line Proline (mM)

Copper level (µM)

Mean0 400

(a) Chlorophyll ‘a’ (mg g−1Fw)
FSD-83 0 0.004 0.003 0.004

80 0.005 0.004 0.005
MH-97 0 0.003 0.002 0.003

80 0.004 0.003 0.004
Punjab-96 0 0.004 0.002 0.003

80 0.004 0.003 0.004
Mean 0.004 0.002
LSD (p < 0.05) = Line (L); 0.001**Proline (P); 0.001**Copper (C) 0.001**; LxPxC
0.003ns.

(b) Chlorophyll ‘b’(mg g−1Fw)
FSD-83 0 0.006 0.005 0.006

80 0.006 0.005 0.006
MH-97 0 0.005 0.004 0.005

80 0.006 0.005 0.006
Punjab-96 0 0.005 0.005 0.005

80 0.006 0.005 0.006
Mean 0.006 0.005

LSD (p < 0.05) = Line (L); 0.001**Proline (P); 0.001** Copper (C) 0.001**; LxPxC
0.002ns.
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Ionic concentration in leaf tissues

Data for metal elements in leaf differed significantly (p < 0.05)
in response to proline, copper levels and wheat varieties, as
well as their interaction. Data for calcium content differed
significantly in leaf organs due to differed treatments. The
wheat variety‘FSD-83’ maintained higher leaf Ca2+ content
followed by ‘MH-97’ and ‘Punjab-96’ varieties. The foliar
spray of proline caused an increase in Ca2+ content by
40.3% over untreated crop. The addition of copper caused a

reduction in Ca2+ content by 42.8% in variety ‘Punjab-96’
over untreated crop. Data for magnesium content in leaf
organ differed greatly in response to the imposition of differ-
ent treatments. The variety ‘FSD-83’ maintained higher Mg+

content 11.4% compared to other varieties. Moreover, the
addition of copper caused a reduction in Mg+ content by
20.5% in Punjab-96 over the untreated crop. Data for potass-
ium content differed significantly in response to treatments.
The wheat variety ‘FSD-83’maintained maximum K+ content
by 16.7% due to foliar application of proline as compared to
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Figure 1. Effect of foliar application of proline (80 mM) on protein, proline, SOD, POD, and CAT contents of wheat varieties grown under Cu stress.
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other two varieties. However, the addition of Cu caused a
reduction in K+ content by 36.3% in Punjab-96 over the
untreated crop. Data for copper content in leaf organ also
enhanced significantly due to copper treatments. The
addition of Cu2+ at the rate of 400 µM caused an increase
in Cu2+ contents by 87.5% in leaf tissues of variety Punjab-
96 over control plants (Table 3).

Ionic concentration in root tissues

Data for metal elements in root differed significantly (p <
0.05) in response to proline, copper levels, and wheat var-
ieties, as well as their interaction. Data for Ca2+ content dif-
fered significantly in root organs due to differed treatments.
The wheat variety ‘FSD-83’maintained higher root Ca2+ con-
tent followed by ‘MH-97’ and ‘Punjab-96’ varieties. The foliar
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Figure 2. Effect of foliar application of proline (80 mM) on stomatal conductance, sub-stomatal CO2 concentration, CO2 assimilation rate, transpiration rate, and
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spray of proline caused increase Ca2+ content by 17.0% over
untreated crop. The addition of copper caused a reduction in
Ca2+ content by 26.6% in variety ‘MH-97’ over untreated
crop. Data for magnesium content in root organ differed
greatly in response to imposition of different treatments.
The variety ‘FSD-83’ maintained higher Mg+ content 10.4%
compared to other varieties. Moreover, the addition of copper
caused a reduction in Mg+ content by 24.1% in variety MH-
97 over untreated crop. Data for potassium content differed
significantly in response to treatments. The wheat variety
‘FSD-83’ maintained maximum K+ content by 13.9% due to
foliar application of proline when compared to other two var-
ieties. However, the addition of Cu caused a reduction in K+

content by 19.4% in variety ‘MH-97’ over untreated crop.
Data for copper content in root organ also enhanced signifi-
cantly due to copper treatments. The addition of Cu2+ at the
rate of 400 µM caused increase in 177.7% Cu2+ contents in
root tissues of variety ‘MH-97’ when compared to untreated
control plants (Table 4).

Yield component

Data for 100-grain weight differed significantly in response to
different treatments. The variety ‘FSD-83’ maintained maxi-
mum 100-grain weight by 4.15% when compared to other

two varieties, while, the values of 100-grain weight were
decreased by 18.75% in Punjab-96 due to the addition of cop-
per compared to untreated check (Table 5).

Discussion

The productivity of crop species is affected to a greater pro-
portion due to biotic (diseases, insect pests) and abiotic
(eco-edaphic factors, salinity, drought, temperature, and
heavy metal pollutants) in the agricultural production system
(Lawlor and Cornic 2002). In the recent years, the rapid
industrialization, the outflow of effluents from different
industries has caused havoc in polluting the irrigation water
and surface soils of agricultural areas. These pollutants con-
tain heavy toxic metals, which not only affect the crop yield
but also add poison to the food chain for causing abnormal-
ities on the healthiness of humans and livestock. Among these
heavy metals, the copper metal plays a vital role in growth
and development of crops as it is the main constituent of
many proteins and enzymes processes. On the other hand,
high concentration results in toxicity in plants, thereby
growth is inhibited (Hall 2002). Various researchers (Hall
and Williams 2003; Shar et al. 2011) reported that excessive
concentration of copper caused disruption in protein and
nitrogen metabolism, by disrupting the photosynthesis and

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

FSD-83 MH-97 Punjab-96

F
v/

F
m

Varieties

Control 80mM Proline 400uM Cu 400uM Cu + 80mM Proline

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

FSD-83 MH-97 Punjab-96

E
le

ct
ro

n 
tr

an
sp

or
t r

at
e 

(E
T

R
)

Varieties

Control 80mM Proline 400uM Cu 400uM Cu + 80mM Proline

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

FSD-83 MH-97 Punjab-96

)q
P(

gnihcneuqlaci
mehcotoh

P

Varieties

Control 80mM Proline 400uM Cu 400uM Cu + 80mM Proline

0.0

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

FSD-83 MH-97 Punjab-96

N
on

 p
ho

to
ch

em
ic

al
 q

ue
nc

hi
ng

 (N
P

Q
)

Varieties

Control 80mM Proline 400uM Cu 400uM Cu + 80mM Proline

Figure 3. Effect of foliar application of proline (80 mM) on non-photochemical quenching, photochemical quenching, electron transport rate, and maximum pro-
ductivity of PSII contents of wheat varieties grown under Cu stress.
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respiration processes. The occurrence of chlorosis of leaves
caused inhibition of plant growth (Fariduddin et al. 2009).
Janas et al. (2010) reported that metabolic processes such as
leaf and root growth, photosynthetic rate, production of bio-
mass and pigment contents were hindered. The growth and
development of crop species is an outcome of various mor-
phological parameters i.e. plant height, number of leaves
per plant and flag leaf area in wheat. The results of the
study indicated reduced plant height in response to a higher
content of copper in the rhizosphere. The findings corroborate
with those of Houshm andMoraghebi (2011) that plant height
was reduced due to the presence of higher content of copper in
the root zone. The spray of proline caused an increase in apical
meristem and cell division, which improved the plant height.
These results agree with those of Ali et al. (2013).

The copper stress caused significant reduction in fresh and
dry weights of shoots and root organs. Various researchers
(El-Tayeb et al. 2006; Sonmez et al. 2006; Muslu and Ergun
2013) also reported that biological yield was depressed in
response to copper stress. Furthermore, the foliar spray of
proline caused improvement in shoot and root weights. The
stress due to higher quantity of copper caused nutrients
imbalance in the plant system, which caused reduction in
seedlings growth and germination rate. Various researchers
(Imlay 2003; Ouzounidou 1995; Yadav 2010; Sethy and
Ghosh 2013; Kalai et al. 2014) reported that osmotic stress
impacted negatively on the growth of seedlings in response
to specific ion toxicity.

The chlorophyll contents ‘a’ and ‘b’ were decreased in
response to copper stress. The reduction in photosynthetic
pigments might be due to the destruction of thylakoid mem-
branes and destruction of chlorophyll apparatus in response
to copper stress. The similar results were reported by
Michaud et al. (2008) and Ahmed et al. (2010). Furthermore,
foliar spray of proline at the rate of 80 mM alleviated the cop-
per stress and maintained higher contents of chlorophyll.
These results agreed with those of Shahid et al. 2014 that
spray of proline maintained sub-cellular structures under
saline environments. The accumulation of copper in the rhi-
zosphere resulted in enhanced production of anti-oxidants,
protein and proline contents in three wheat varieties. Various
researchers (Ben Ahmad et al. 2010; Brahim and Mohamed

Table 3. Effect of exogenously applied proline on nutrient concentration in
shoot organ.

Wheat line Proline (mM)

Copper level (µM)

Mean0 400

(a) Calcium (Ca+2) (mg g−1dw)
FSD-83 0 4.3 3.0 3.7

80 6.0 4.7 5.4
MH-97 0 4.0 2.3 3.2

80 6.0 4.0 5.0
Punjab-96 0 4.7 2.7 3.7

80 5.7 3.3 4.5
Mean 5.1 3.3
LSD (p < 0.05) = Line (L); 0.07* Proline (P); 0.08* Copper (C) 0.06*; LxPxC 0.12ns
(b) Magnesium (Mg+2) (mg g−1dw)
FSD-83 0 8.0 6.7 7.4

80 8.7 7.2 8.0
MH-97 0 8.0 6.7 7.4

80 8.8 6.9 7.9
Punjab-96 0 8.6 6.8 7.7

80 8.9 6.7 7.8
Mean 8.5 6.8
LSD (p < 0.05) = Line (L); 0.10**Proline (P); 0.11** Copper (C) 0.11**; LxPxC
0.15ns.

(c) Potassium (K+) (mg g−1dw)
FSD-83 0 65.7 58.0 61.9

80 72.0 61.0 66.5
MH-97 0 57.7 48.0 52.9

80 65.0 58.0 61.5
Punjab-96 0 58.3 50.7 54.5

80 62.0 55.0 58.5
Mean 63.5 55.1
LSD (p < 0.05) = Line (L); 0.08** Proline (P); 0.06* Copper (C) 0.04*; LxPxC 0.13ns
(d) Copper (Cu+2) (mg g−1dw)
FSD-83 0 0.07 0.1 0.09

80 0.06 0.08 0.07
MH-97 0 0.08 0.09 0.09

80 0.08 0.1 0.09
Punjab-96 0 0.07 0.1 0.08

80 0.06 0.09 0.08
Mean 0.07 0.09

LSD (p < 0.05) = Line (L); 0.003**Proline (P); 0.002* Copper (C) 0.001*; LxPxC
0.04ns.

Table 4. Effect of exogenously applied proline on nutrient concentration in root
organ.

Wheat line Proline (mM)

Copper level (µM)

Mean0 400

(a) Calcium (Ca+2) (mg g−1dw)
FSD-83 0 15.7 12.0 13.9

80 16.0 13.0 14.5
MH-97 0 15.0 12.3 13.7

80 15.0 13.3 14.2
Punjab-96 0 14.0 12.3 13.2

80 16.0 14.3 15.2
Mean 15.3 12.8
LSD (p < 0.05) = Line (L); 0.06* Proline (P); 0.07** Copper (C) 0.004*; LxPxC
0.16ns.

(b) Magnesium (Mg+2) (mg g−1dw)
FSD-83 0 6.3 4.6 5.6

80 6.4 5.0 5.6
MH-97 0 5.6 4.8 5.2

80 6.5 5.9 6.2
Punjab-96 0 6.2 5.1 5.7

80 6.4 5.2 5.8
Mean 6.2 5.1
LSD (p < 0.05) = Line (L); 0.04**Proline (P); 0.03** Copper (C) 0.03**; LxPxC
0.12ns.

(c) Potassium (K+) (mg g−1 dw)
FSD-83 0 12.0 10.0 11.0

80 13.7 11.0 12.0
MH-97 0 12.0 10.0 11.0

80 13.7 11.0 12.4
Punjab-96 0 11.7 10.0 10.9

80 13.0 11.3 12.2
Mean 12.7 10.6
LSD (p < 0.05) = Line (L); 0.005**Proline (P); 0.004* Copper (C) 0.003*; LxPxC
0.14ns.

(d) Copper (Cu+2) (mg g−1dw)
FSD-83 0 0.43 1.09 0.76

80 0.32 0.91 0.62
MH-97 0 0.27 1.52 0.90

80 0.25 1.32 0.78
Punjab-96 0 0.28 1.36 0.82

80 0.23 1.16 0.70
Mean 0.30 1.22

LSD (p < 0.05) = Line (L); 0.15**Proline (P); 0.21* Copper (C) 0.22**; LxPxC 0.78ns.

Table 5. Effect of exogenously applied proline on 100-grain weight under
copper stress.

Wheat line Proline (mM)

Copper level
(µM)

Mean0 400

(a) 100-grain weight (g)
FSD-83 0 4.4 3.2 3.8

80 4.6 3.8 4.2
MH-97 0 3.9 3.2 3.6

80 4.1 3.3 3.7
Punjab-96 0 3.5 2.8 3.2

80 4.0 3.3 3.7
Mean 4.1 3.3

LSD (p < 0.05) = Line (L); 0.04*Proline (P); 0.008** Copper (C) 0.09*; LxPxC
0.13ns.
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2011; Muslu and Ergun 2013; Sharma and Singh 2013)
reported that increase in antioxidant enzymes (SOD, POD,
CAT) and protein contents provided protection to avoid
possible destruction in important enzymes. Furthermore,
accumulation of proline protected the plants against damage
of ROS caused by copper stress (Matysik et al. 2002; Verma
et al. 2011; Azooz et al. 2012).

Some of the gas exchange characteristics (i.e. stomatal con-
ductance (gs), photosynthetic rate (A), internal CO2 concen-
tration (Ci), transpiration rate (E) and water-use-efficiency)
were greatly reduced due to copper stress. However, the nega-
tive effects were ameliorated in response to spray of proline.
The similar results have been reported by Ali et al. (2007)
and Ben Ahmad et al. (2010). Kaymakanova et al. (2008)
reported that stomatal conductance was reduced by abiotic
stress while CO2 concentration and biochemical capability
was reduced (Khan and Panda 2008). Janas et al. (2010)
reported that photosynthetic activity was reduced due to inhi-
bition of Rubisco activity. Chlorophyll fluorescence par-
ameters were a little affected due to copper stress. Jamil
et al. (2007) reported that values of electron transfer (ETR),
efficiency of photosystem-II (Fv/Fm), photochemical
quenching co-efficient (qP) and non-photochemical quench-
ing co-efficient (qN) were slightly reduced, while, the activity
of non-photochemical quenching (NPQ) were slightly
enhanced in response to copper stress. The reduction in
values of Fv/Fm ratio was mainly due to the reduction in
Fm value. The reduction resulted due to increase in energy
dissipation, disintegration of accessory pigments for captur-
ing light from photosystem-II (Maxwell and Johnson 2000).

The uptake of nutrients was greatly impacted in response
to copper stress. The uptake of calcium, magnesium, and pot-
assium ions by root, shoot, and leaf organs was reduced due
to copper stress. On the other hand, copper content substan-
tially increased in root organs compared to shoot and leaf
organs under copper stress environment. The maintenance
of higher content of copper by roots inhibited the uptake of
other nutrients. The results agree with those of Michaud
et al. (2008) and Karimi et al. (2012) that presence of copper
in excessive amount in roots inhibited the other nutrients for
translocation from roots to above ground parts. Contrary to
it, the foliar spray of proline caused an increase in uptake
of Ca2+, Mg2+, Na+, and K+ by root, shoot and leaf organs,
while the uptake of copper was also reduced by all parts. Ash-
raf and Foolad (2007) reported that uptake of ions by plants
was regulated by proline spray under stress environment. The
copper stress caused a reduction in 100-grain weight. Differ-
ent researchers (Athar and Ahmad 2002; Ahmad et al. 2013;
Gang et al. 2013) also reported that yield and yield com-
ponents of wheat were reduced under copper stress.

The results of the study indicated that presence of higher
copper ion in the rhizosphere resulted in reduction of plant
growth, physiological and biochemical parameters. However,
the stress could be mitigated by foliar spray of proline at the
rate of 80 mM under copper stress conditions. In the present
study wheat variety ‘FSD-83’ produced showed better bio-
mass accumulation and biochemical attributes when com-
pared to varieties ‘MH-97’ and ‘Punjab-96.’
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