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Abstract
In a pot culture (2011), aerosols of oxidized nitrogen (NaNO2) @20 kgha-1 yr-1 (≈200 ppm), reduced nitrogen
(NH4Cl) @10 kg-1 hayr-1 (≈100 ppm) and distilled water (control) were sprayed (1500 cm3 plant-1 of each solution)
weekly at different days after sowing (DAS) to study their impacts on physiology of wheat varieties (Ankur Omkar,
Sonalika and K-306). In a field trial (2012), the simulated N-aerosols @ 200 ppm and 400 ppm (1000 cm3 m-2 for each
solution) along with a control were sprayed to population of the best variety (Ankur Omkar) at four different growth
stages. In both pot and field experiments foliar feeding of aerosols with lower dose at the earlier growth stages
influenced nitrogen use efficiency and yield. Fluctuations of cellular cations (Ca2+, K+) or peroxidase activity were
caused by the aerosols and altered membrane permeability.

Keywords: Cations; Nitrogen use efficiency; Nitrate reductase; Net
photosynthesis; Peroxidase; Membrane permeability

Abbreviations: NaNO2: Sodium Nitrite; NH4Cl: Ammonium
Chloride; NUE: Nitrogen Use Efficiency; NR: Nitrite Reductase; CMS:
Cell Membrane Stability; DAS: Days after sowing; CRI: Crown Root
Initiation; Pn: Net Photosynthesis; d.w: Dry Weight
Introduction
Nitrogen oxides (NO, NO2 and N2O or NOx) are recognized as
atmospheric pollutants in rapidly growing urban and peri-urban
areas of Northeast India [1]. Nitrogen dioxide gets dissolved in the
extra-cellular water, form HNO2 and HNO3, which then dissociate to
nitrate, nitrite and protons [2]. Reduced nitrogen incorporates into
a wide range of compounds in nearly all higher plants [3]. Higher
concentration (<10 µll-1) of oxides of nitrogen alter the physiological
processes including net photosynthesis and yields [4].
Reduced nitrogen (gaseous NH3 or particulate NH4+ called NHy)
causes acidification of the ecosystem [5,6]. NHy contributes to a
substantial portion of total deposition of nitrogen [7]. Ammonia at
high concentration (>1 mM) is toxic to plants [8]. The consequences
of high N deposition are seen in terrestrial ecosystem [9]. Foliar feeding
of plants with aerosols of oxidised (NaNO2) and reduced nitrogen
(NH4Cl) might affect growth stages and yield attributes of wheat
varieties. We examined dose responses of wheat crop to N-aerosols
and discussed mechanism(s) for varietal susceptibility or tolerance to
the aerosols.

Materials and Methods

sprayed on foliage at four growth stages viz., 0-30 DAS: germination
cum crown root initiation (CRI); 30-60 DAS: tillering; 60-90 DAS:
maximum tillering; and 90-120 DAS: reproductive development. Total
volume of the each solution was 1500 cm3 per stage. Similarly, solutions
(1000 cm3 per stage) each of 200 ppm NH4Cl and 200 ppm NaNO2 and
distilled water (control) were sprayed to population of wheat crop at
the four different growth stages. Drifting of the solutions from one pot
or plot to another was prevented by using a hard board at the time of
spray.

Measurement of net photosynthesis
We used transparent, airtight acrylic assimilation chambers (60 x 60
x 60 cm3 for pot plants and 15 x 15 x 15 cm3 field samples). Temperature
(27-29oC), Relative humidity (52-57%) and Light intensity (23-27
Klux) inside the assimilation chambers were recorded by Hygrometer
and Light meter respectively. The pot plants or leaf samples from field
were incubated in presence of ambient 380 ppm CO2 in sunlight during
mid-day for half an hour. Inside air sample (10 cm3) was collected by
clinical syringe through the rubber port of the chambers, and injected
into Environmental Gas Monitor (EGM-4) for measuring carbon
dioxide concentration after incubation of plants inside the assimilation
chamber. The rate of net photosynthesis was expressed as ppm CO2
absorbed g-1 plant Dw h-1 [10].

NR activity in plants
Nitrate reductase activity was estimated based on conversion of
nitrate to nitrite and inhibition of nitrite reduction to ammonia in
anaerobic condition [11]. Green leaf samples (0.03 g) of 10-15 mm2
size were put into 2.5 ml solution containing 200 mM phosphate

Cultural practices
Three wheat cultivars viz., K-306, Sonalika and Ankur Omkar
were included in the pot experiments. A mixture (5 g) of urea, super
phosphate and muriate of potash @2:1:1 were added to acid mineral
soil in pots (size 5 kg) before raising plants from the seeds. In field,
these fertilizers @ 80:46:42 per hectare were applied as basal before
sowing of wheat seeds (variety: Ankur Omkar). The crop was irrigated
during the growth periods to avoid desiccation. The experiments were
laid in Randomized Block Design and replicated thrice.

Application of aerosols
In pot experiment 100 ppm NH4Cl and 200 ppm NaNO2 were
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buffer (pH 7.5), 30 mM KNO3, 5% (v/v) propanol in assay tubes.
The tubes were incubated in a water bath at 30°C for 30 minutes, at
100°C for 2 minutes and allowed them to cool to room temperature.
To detect nitrite, 1 ml each of 1% sulfanilamide in 1N HCl and 0.02%
N-(1-naphthyl)-ethylene diamine dihydrochloride were added to the
solution. The solution was mixed thoroughly and kept in dark at room
temperature for 15 min. Then, absorbency readings measured at 540
nm by spectrophotometer were plotted on a standard curve, which was
prepared from a stock of 25 nmol nitrite per ml using KNO2 in water.

Peroxidase activity in plants
Lipid peroxidation was measured in terms of Malondialdehyde
content (MDA) [12]. Leaf sample (0.5 g) was homogenized in 10 ml
of 0.1 per cent trichloroacetic acid. The homogenate was centrifused
at 15,000 g for 5 minutes. The aliquot (2 ml) of the supernatant and
4 ml of 0.5% thiobarbuteric acid (TBA) in 20 per cent of TCA were
mixed. The mixture was heated at 95°C for 30 minutes and cooled in
ice bath. It was centrifused at 10,000 g for 5 minutes and the absorbance
of supernatant was recorded at 532 nm. The value for non-specific
absorption at 600 nm was subtracted from the value of 532 nm. The
absorption coefficient of 155 nmol per cm was used to calculate MDA
content as: MDA (nmol per g fresh weight) = (OD x 6)/0.155 x volume
extract / (2 x weight of sample)

Nitrogen use efficiency (NUE) of crop
Kjeldhal method was used to determine total Nitrogen content,
which is based on catalytic conversion of organic nitrogen into
ammonia and its subsequent estimation by acid base titration [13].
NUE in grains of wheat varieties under treatments were calculated
from their per cent Nitrogen and dry weight as: NUE% in grain =
(Nitrogen % in grain x total grain yield per plant or per plot.

Measurement of CMS and estimation of cations
Cell Membrane permeability was measured in terms of CMS [14].
Twenty pieces of young leaves from the treated plants were cut into size
of one centimeter square and immersed them first into 20 cm3 distilled
water in plastic bottles of 60 cm3 capacity. The bottles were closed tightly
to avoid leaking of the solution and checked gently using magnetic
stirrer. Thus, freely water soluble ions in intercellular spaces of leaf
were removed by the three serial washes with distilled water (each 10
min, 20 cm3). Then, to extract the cations present in the exchangeable
sites of the cellular locations, the same leaf discs were eluted by two
treatments (each 1 h 20 cm3) with 25 mM Sr2Cl [15]. The solutions
were collected into other plastic bottles. The plant samples were oven
dried at 60°C to a constant weigh. The electrical conductivity readings
of these solutions against the samples collected from the experimental
treatments were used to compute CMS as follows.

Intercellular and exchangeable Cations (K+ and Ca2+) extracted by
distilled water and 25 mM Sr2Cl respectively, were estimated using a
Thermo Jarrel Ash S12 atomic absorption/emission spectrophotometer
(Franklin, MA, USA) and air-acetylene mixture. Element contents of
the leaves were expressed in terms of their oven dry weight.

Economic yield
Grains were threshed out from the plants under respective
treatments at different growth stages of wheat crop and expressed as
gram per plant (in case of pot plants) and quintal per hectare in field
harvest.

Statistical analysis
Data were analysed following Generalised Linear Model (GLIM)
program of Royal Society of London. Significant differences between
two mean values due to treatments or varieties and their interaction
at a crop growth stage were computed by comparing their significant
levels at P<0.05.

Results
Net photosynthesis
In the pot experiment (Table 1), Pn at the germination-cum CRI stage
of the crop (i.e.0-30DAS) varied significantly among the varieties. The
variety Ankur Omkar had the highest Pn followed by Sonalika>K-306.
In general, NH4Cl lessened and NaNO2 increased Pn by about 1% and
7.89% respectively. The Pn differed significantly due to treatments at
tillering stage (i.e. 30-60 DAS) of the crop. There were 16.71% and
29.52% reductions of Pn NH4Cl and NaNO2 respectively. Variety
Ankur Omkar had the highest Pn followed by K-306>Sonalika. Both
varieties and treatments had significant effects on Pn at the maximum
tillering stage i.e. 60-90 DAS. Variety K-306 showed the highest Pn
Stage I (0-30DAS)

Varieties→Treatment ↓

K-306

Sonalika

Ankur Omkar

Control

117.1

140.2

160.7

NH4Cl (100 ppm)

151.7

124.1

138.8

NaNO2 (200 ppm)

133.2

158.2

159.4

SE diff(±)

LSD (0.05)
24.238

Variety

11.124

Treatment

-

n.s.

Variety x Treatment

-

n.s.

ppm CO2 absorbed g-1 d.w. h-1
Varieties→
Treatments↓

Stage II (30-60 days
after sowing : DAS),
K-306 Sonalika

Stage III (60-90 DAS)

Stage IV (90-120DAS)

Ankur
Ankur
Ankur
K-306 Sonalika
K-306 Sonalika
Omkar
Omkar
Omkar

Control

1064.9

830.3

744.2

899.6

1023.3

861.0 1262.8

748.8

678.3

CMS = [1-(1-T1/T2)/(1-C1/C2) × 100]/ Dry weight of leaf samples

NH4Cl
(100 ppm)

929.2

871.4

710.0 1046.8

662.0

730.9 537.2

629.7

861.7

Where,

NaNO2
(200 ppm)

1103

877.9

729.0

691.9

623.2 796.9

668.3

613.7

T1= Conductivity reading of 25 mM Sr2Cl (20 cm3) without leaf
samples
T2= Conductivity readings of 25 mM Sr2Cl (20 cm3) with leaf
samples

LSD
(0.05)

SEdiff. (±)
Variety

-

Treatment
Variety x
Treatment

691.9

SEdiff. (±)

n.s.

32.792 72.176
-

n.s.

0.358

LSD
(0.05)

91.72

164.17

6518.7

14347

0.810

SEdiff. (±)

LSD
(0.05)

151.98 331.18
-

n.s.

n.s.

C1= Conductivity reading of double distilled water without leaf
samples

SEdiff: Standard error of difference between two treatment means; Varieties or
their interaction; LSD: Least significant difference; n.s: Non significant at P (0.05).

C2= Conductivity readings of double distilled water with leaf
samples

Table 1: Variation in rate of photosynthesis of wheat varieties following treatment
at different days after sowing (DAS) in laboratory conditions. ppm CO2 absorbed
g-1 d.w. h-1.
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followed by Sonalika> Ankur Omkar at this stage. NH4Cl and NaNO2
brought down Pn by 9.89% and 15.704% respectively as compared to
the control. The varieties had significant differences in respect of Pn at
the reproductive development stage i.e. 90-120 DAS of the crop only.
The order of Pn in varieties was K-306>AnkurOmkar>Sonalika.
In the field experiment (Figure 1), the treatments brought about
significant changes in Pn of the wheat crop. Plants treated with
the oxidised and reduced nitrogen had lower Pn by 5-6.5% only as
compared to control. However, there were higher variations in Pn with
respect to crop stages. The Pn declined at the later growth stages with
application of the aerosols (Stage 1 (20.58%)>Stage 2 (46.82%)>Stage 3
(15.33%)>Stage 4). It may be due to the negative impact of the aerosols
at the later growth stages as compared to the earlier ones.

Varieties →Treatments ↓

Nitrate reductase activity at Stage I (0-30 DAS)
(nm NO3- reduced g-1 h-1)
K-306

Sonalika

Ankur
Omkar

Control

56.67

58.33

66.67

NH4Cl (100ppm)

65.00

66.67

68.17

NaNO2 (200 ppm)

68.33

65.00

68.33

SEdiff ((±)

LSD (0.05)

Variety

2.413

5.258

Treatment

1.687

3.714

Variety x Treatment

-

n.s.

Nitrate reductase activity (nm NO3- reduced g-1 h-1)
Table 2: Variation in Nitrate reductase activity of wheat varieties following treatment
at different days after sowing (DAS) in laboratory conditions.

Nitrate reductase activity activity

In the field experiment (Figure 2), NR activity varied significantly

N2
N3
N4
N-aerosol treatments

10
8
6
4
2
0
N1
N2
N3
N4
N5
N-aerosols treatments (N1:distilled water, N2:200ppm
NH4Cl, N3: 400ppm NH4Cl, N4: 200ppm NaNO2, N5:…

(b) NR & growth stages

5500
5400
5300
5200
5100
5000
4900
4800
4700

N1

12

N5

N1:distilled water, N2:200ppm NH4Cl, N3: 400ppm
NH4Cl, N4: 200ppm NaNO2, N5: 400ppm NaNO2

(b) Pn & growth stages
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
0

NR activity (nm NO3 -1 reduced g-1 h-1)

ppm CO2 absorbed g-1dwh-1

(a) Net photosynthesis

(a) NR & N-aerosols
NR activity (nm NO3 -1 reduced g-1
h-1)

In the pot experiment (Table 2), both varieties and treatments
had significant effects on NR activity of wheat crop. The effects of
NH4Cl on NR of varieties were negligible, whereas NaNO2 increased
NR activity merely (by 6.48%) as compared to control. Variety Ankur
Omkar possessed the highest NR followed by Sonalika>K-306. At
the maximum tillering stage, NR activity was significantly affected
by variety and treatments. Variety Ankur Omkar had the highest NR
followed by Sonalika > K-306. NH4Cl enhanced NR activity by 34.07%
and NaNO2 by 7.69% as compared to control. Neither the variety nor
the treatments at reproductive development stage exhibited significant
changes in NR activity.

10
9
8
7
6
5
4
3
2
1
0
Stages of wheat crop at days after sowing (DAS)
Figure 2: NR & N-aerosols, NR & growth stages.

ppm CO2 absorbed g-1d.wh-1

due to the treatments with respect to time of application. Leaves treated
with aerosols had lower NR activity. There were decreases in NR activity
by NaNO2 (21.62% and 28.0%) than by NH4Cl (19.39%, 11.26%) at 200
and 400 ppm respectively. Also, lower NR activity was found with the
higher doses of the aerosols.

Nitrogen use efficiency

Stages of wheat crop at days afetr sowing (DAS)
Figure 1: Net photosynthesis, pn & growth stages.
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Data on NUE in wheat grains from the pot experiment are
presented in Table 3. In this experiment, there were 1.87% and
8.88% reductions of grain NUE in NH4Cl and NaNO2 treated plants
respectively. Some differences in NUE were found among the varieties,
where Sonalika>Ankur Omkar>K-306. The variety and treatments had
significant effects on grain NUE at maximum tillering stage of the crop.
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Control

10.00

12.50

18.33 21.67

36.67

25.00 38.75

53.33

50.84

NH4Cl
(100ppm)

8.33

16.67

18.33 28.33

66.67

31.67 53.34

47.50

52.00

NaNO2
(200 ppm)

33.33

13.33

12.50 50.00

48.33

51.67 55.33

41.67

65.83

SEdiff
(±)

LSD
(0.05)

SEdiff
(±)

LSD
(0.05)

SEdiff
(±)

LSD
(0.05)

Variety

-

n.s.

9.274

20.207

-

n.s.

Treatment

-

n.s.

6.867

15.115

-

n.s.

Variety x
Treatment

-

-

-

n.s.

-

n.s.

SE diff: Standard error of difference between two treatment means, varieties or
their interaction; LSD: Least significant difference; n.s: Non significant at P (0.05).
Table 3: Variation in Nitrogen use efficiency (NUE) in grain of wheat varieties
following treatment at different growth stages (Days after sowing: DAS) in
laboratory conditions.

change but NaNO2 decreased economic yield by 15.03% and 25.81%
at 200 ppm and 400 ppm respectively. Lower was the concentration
of the oxidised aerosol, higher was the production of yield of the crop.
There were reductions in yield with application of aerosols at later stage
(Stage1>Stage4>Stage3>Stage2).

(a) N-aerosols & NUE

NUE % in grain

Stage II (30-60 DAS)
Stage III (60-90 DAS) Stage IV (90-120 DAS)
Varieties
→Treatments
Ankur
Ankur
Ankur
↓
K-306 Sonalika
K-306 Sonalika
K-306 Sonalika
Omkar
Omkar
Omkar

There were 16.1% and 19.1% increases in grain NUE by NH4Cl and
NaNO2 respectively. Variety Ankur Omkar ranked first followed by
Sonalika > K-306 in case of grain NUE. The N aerosols had significant
effects on the grain NUE at reproductive development stage of the
crop. There were 21.99% and 27.03% increases in grain NUE by NH4Cl
and NaNO2 respectively. The variety Ankur Omkar had higher grain
NUE than K306>Sonalka varieties.

N1

N3
N4
N5
N-aerosol treatments
(N1:distilledwater,
N1:200ppmNH4Cl,
N2:400ppmNH4Cl,N4:200ppmNaNO2,…

In the field experiment (Figure 4), Cell membrane stability of wheat
did not differ significantly for the treatments. However, a higher CMS
was found in early application of the aerosols than at the later stage
(Stage 1>Stage 2>Stage 4>Stage 3 by 1.22%, 13.63%, 5.36% respectively).

Economic yield
In the pot experiment, economic yield of wheat varieties
corresponding to the treatments are presented in Table 5. N-aerosol
applied at tillering stage of the crop had significant effects on grain
yield. NH4Cl decreased (by 14.95%) and Sodium nitrite increased (by
21.74%) of grain yield. The varieties K-306>Ankur Omkar>Sonalika had
variations in their grain yield. The treatments at the maximum tillering
stage had significant effects on economic yield. NH4Cl and NaNO2
increased grain yield by 22.9% and 42.81% respectively at this stage.
Varieties Ankur>K-306>Sonalika differed from each other in grain
yield production. The application of N-aerosols at the reproductive
development stage couldn’t change grain yield significantly.
In field experiment, the treatments had significant effects on
economic yield of wheat crop (Figure 5). In general, NH4Cl could not
Adv Crop Sci Tech
ISSN: 2329-8863 ACST, an open access journal

NUE %

In the pot experiment (Table 4), CMS was affected significantly
by the treatments at tillering stage of wheat crop. Variety Ankur
Omkar>K-306>Sonalika had differences in CMS. Both varieties and
treatments had significant effects on CMS of wheat crop at maximum
tillering stage. K-306>Ankur Omkar>Sonalika had a variable CMS. On
an average, N-aerosols applied at the reproductive development stage,
had significant effects on CMS of Wheat crop. Ammonium chloride and
Sodium nitrite increased CMS up-to 46.62% and 84.46% respectively as
compared to control. The varieties Sonalika>Ankur Omkar>K-306 had
some differences in their CMS.

N2

(b) NUE & growth stages

In the field experiment, NUE (Figure 3) increased in leaf at 400 ppm
NH4Cl as well as 200 ppm and 400 ppm NaNO2 treatments (by 25.47%,
26.17% and 4.38% respectively). NUE fluctuates at different days after
sowing (Stage 2 (18.84) % >Stage 4(17.27%)>Stage 3 (9.68%)>Stage 1).

Cell membrane stability

4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

Growth stages at days after sowing (DAS)
Figure 3: N-aerosols & NUE, NUE & growth stages.

CMS (index)
Stages →

Stage II (30-60 DAS)

Stage III (60-90DAS)

Stage IV (90-120 DAS)

Varieties→
Ankur
Ankur
Ankur
K-306 Sonalika
K-306 Sonalika
K-306 Sonalika
Treatment-s ↓
Omkar
Omkar
Omkar
Control

-1.34

-0.82

0.89

20.34

9.70

8.71

1.390

6.99

10.33

NH4Cl
(100 ppm)

6.32

3.60

4.56

7.420

12.79

8.31

7.77

4.95

22.36

NaNO2
(200 ppm)

5.48

33.62

9.65

17.52 29.36

56.46

34.59

LSD
(0.05)

SEdiff
(±)

LSD
(0.05)
13.88

3.09

5.64

SEdiff
(±)

LSD
(0.05)

SEdiff
(±)

Variety

0.687

1.512

4.499

9.902

6.307

Treatment

-

-

5.802

12.643

-

n.s.

Variety x
Treatment

-

n.s.

-

n.s.

-

n.s.

SE diff: Standard error of difference between two treatment means, varieties or
their interaction; LSD: Least significant difference; n.s: Non significant at P (0.05).
Data on first stage are not available due to plant mortality.
Table 4: Cell membrane stability (CMS) of wheat varieties following treatment at
different growth stages (Days after sowing: DAS) in laboratory conditions.
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Discussion
The present investigation into the impacts of oxidized and reduced
nitrogen aerosols (viz., NaNO2 and NH4Cl respectively), applied at
different growth stages of Wheat (Tritcum aestimum L.) crop, deals
with physiological parameters contributing to higher grain yield
production. We also attempted to sort out the most suitable variety
and its stage responding positively to the aerosol of nitrogen. The
mechanism(s) of injury to the varieties by the nitrogenous compounds
are discussed in this paper [16].

0
N1

N2

N3

N4

N5

-0.5
-1

-1.5
-2

-2.5

1.5

N-aerosol treatments (N1: distilled water, N2:200ppm
NH4Cl, N3:400NH4Cl, N4:200 NaNO2, N5:400NaNO2)

(b) CMS & growth stages

1
0.5
0
-0.5
-1
-1.5
-2
-2.5

Stages after dates of sowing (DAS)
Figure 4: N-aerosols & CMS, CMS & growth stages.

Economic Yield (g plant-1)
Stage II (30-60 DAS)

Stage III (60-90 DAS) Stage IV (90-120 DAS)
Varieties →
Ankur
Ankur
Ankur
K-306
Sonalika
K-306
Sonalika
K-306 Sonalika
Treatments ↓
Omkar
Omkar
Omkar
Control

19.143 21.620

36.34

17.73

18.18

29.68 23.24

21.96

23.72

NH4Cl
(100 ppm)

20.743

20.01

14.75

18.60

28.47 26.34

19.51

24.93

NaNO2
(200 ppm)

19.519 16.774

22.30

SEdiff
(±)

LSD
(0.05)

SEdiff LSD
(±)
(0.05)

SEdiff
(±)

LSD
(0.05)

5.131 11.293

9. 720

15.48

26.72

26.17 28.87 248.78

28.45

Variety

5.535

12.183

-

n.s.

Treatment

-

n.s.

-

n.s.

-

n.s

Variety x
Treatment

-

n.s.

-

n.s.

-

n.s.

SE diff: Standard error of difference between two treatment means, varieties or
their interaction; LSD: Least significant difference; n.s: Non significant at P (0.05).
Data on first stage are not available due to plant mortality.

In pot culture experiment, the simulated aerosols were NH4Cl
@100 ppm (≅10 kgNha-1 yr-1) and NaNO2 @ 200 ppm (≅20 kgNha-1
yr-1) respectively. These were applied at different growth stages of
wheat crop. We preferred the N-aerosols as foliar feeding to fumigating
plants. The rate of Pn in wheat varieties varied significantly following
foliar feeding. The Pn rate in crop varieties also different due to the
differences in nitrogen input from the aerosols at their growth stages.
There are several previous reports on Pn depression in higher plants
by nitrogenous pollutants. A concentration at 0.6 µll-1 may cause
Pn inhibition of oat (Avena sativa L.) and alfalfa (Medicago sativa
L.) during 90 min fumigation [17]. Similarly there is evidence that
decrease in Pn of bean (Phaseolus vulgaris) is related to 1-7 µll-1 NO2
over a period of 5 h [18]. Chloroplastic pH increases when the number
of protons in the chloroplast exceeds the proton required (six) for a
NO2 reduction. The key enzyme of carbon assimilation (ribulose-1-5bisphosphate carboxylase/oxygenase) is pH dependent. Such changes
in pH are likely to be harmful [19]. Photosynthetic depression has also
been related to ultra structural changes in plants by NO2. The changes
include protrusion from the chloroplast [20] and swelling of thylakoids
[21]. Sodium and chloride ions might enter into cells, but they were
(a) N-aerosols & Economic yield
Economic yield (qha-1)

Cell membrane stability (CMS)
Index

(a) N-aerosols & CMS

20
18
16
14
12
10
8
6
4
2
0
N1
N2
N3
N4
N5
N-aerosol treatments (N1:distilled water, N2:200ppm
N3:400ppm
NH4Cl,
N4:200ppmNaNO2,
NH4Cl,
N5:400ppmNaNO2)

Table 5: Variation in economic yield of wheat varieties following treatment at
different days after sowing (DAS) in laboratory conditions.

Distribution of cations
Cations (Ca and K ) present in intercellular and exchangeable
sites varied significantly among the wheat varieties due to the aerosol
treatments (Table 6). NH4Cl depleted more cations from the water free
spaces and exchangeable sites than the oxidized nitrogen.

(b) Economic yield & growth stages

+

Peroxidase activity
The PO activity (Figure 6) in leaf of wheat (variety: Ankur Omkar)
was determined in the field trial only. There were significant effects of
the nitrogenous aerosols on PO at different DAS. The leaves treated with
aerosol of oxidised nitrogen had higher PO (by 16.56% and 13.57%)
than the reduced nitrogen (2.259% and - 1.83%) at 200 and 400 ppm
respectively. The PO also increased commensuration with crop growth
stages (Stage1 (37.03%)< Stage2( 4.82%)< Stage 3 (65.74%)<S4).
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Economic yield (qha-1)

2+

18
16
14
12
10
8
6
4
2
0
S1 (0-30DAS) S2 (30-60DAS) S3 (60-90DAS) S4(90-120DAS)
Growth stages at days after soqing (DAS)
Figure 5: N-aerosols % Economic yield.
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Varieties (V:1,2,3)→

K-306 (mMg-1d.w.)

Sonalika (mM g-1d.w.)

Treatments (T:1,2,3)
→

DistilledH2O
(0ppm)

NH4Cl (100
ppm)

NaNO2
(200 ppm)

DistilledH2O
(0 ppm)

Intercellular Ca2+

19.86

26.80

29.11

19.36

NH4Cl (100
ppm)

Ankur Omkar (mM g-1d.w.)
NaNO2
(200 ppm)

DistilledH2O
(0ppm)

NH4Cl
(200 ppm)

NaNO2
(200 ppm)

28.51

15.59

22.80

25.61

30-60 DAS
27.42

at P(0.05) T1,T2<T3 &V3<V1,V2 only
Exchangeable Ca2+

55.71

27.29

65.70

51.62

44.63

65.94

54.92

45.61

51.87

Intercellular K+

1.12

1.10

1.64

1.18

1.61

2.02

0.97

1.57

2.09

2.64

2.91

39.77

27.36

at P(0.05) V1<V2 only.
Excahgeable K+

2.88

1.70

3.28

2.44

2.54

3.66

2.25
at P(0.05) V2<V1<V3

60-90 DAS
Intercellular Ca2+

18.33

12.92

19.97

39.19

17.82

13.52

32.02

at P(0.05) V1<V2,V3 only
34.38

Exchangeable
Ca2+

24.47

23.60

26.85

43.11

26.73

17.88

34.48

109.07

Intercellular K+

1.39

1.11

1.53

1.47

0.75

0.57

1.87

2.56

2.07

4.71

2.50

51.82

124.20

97.79

195.96

14.83

8.15

8.63

10.53

at P(0.05) V2<V1<V2 only
Excahgeable K+

2.42

2.86

1.91

3.15

1.94

2.86

3.10

at P(0.05) V1<V2<V3 only
90-120 DAS
Intercellular Ca2+

4.43

88.87

59.78

37.77

67.08

150.34

71.82
at P(0.05) T1<T3 only

Exchangeable Ca2+

16.45

114.02

215.71

99.45

121.22

255.90

107.73

at P(0.05) T1<T2, T3 &V1<V2 only
Intercellular K+

0.32

2.65

4.09

4.33

4.10

4.38

5.01
at P(0.05) T<T2 only

Excahgeable K+

0.77

6.19

9.92

4.05

6.08

19.42

5.18

at P(0.05) T1<T2<T3 only
P (0.05): Significant at 5% probabability level.
Table 6: Effects of oxidised (NaNO2) reduced (NH4Cl) nitrogen aerosols on distribution of Calcium and Potassium ions in intercellular and exchangeable sites of Wheat
(Triticum aestivum L.) crop treated at different days after sowing (DAS) under laboratory conditions.

neglected as non-physiological at relatively alkaline pH (>5.0) of the
aerosols in our work.
The NR Nitrate activity in wheat was lowered in shoots by NH4Cl
and NaNO2 at almost all stages of the crop. The varieties differed in
respect of NR in their leaves. Nitrate reductase catalyses the reduction
of nitrate to nitrite, and its levels of activity are determined by the
supply of nitrate [22]. Inhibition of NR activity may be crop specific
also [23]. The accumulation of larger amount of ammonium ions and
certain amino acids in squash cotyledons during fumigation reduces
NR activity [24].
In the present study, NUE in wheat increased with treatments
of N-aerosols at their growth stages except a few. On an average,
varieties also showed remarkable differences in their NUE in grains.
However, NUE in grains decreased with the higher concentration of
nitrogen aerosols in both pot culture and in field experiments. The
differences between accessions in the response to N for physiological
and phonological variables exists in case of Arabidopsis lyrata petrae
[25]. Moreover we found that nitrogen nutrition enhanced grain yield
of wheat varieties irrespective of their growth stages. The enhancement
is more prominent in NaNO2 than NH4Cl fed plants. Higher nitrogen
use efficiency with lower quantity of nitrogen from the source might
improve nutritive quality of the crop varieties [26] but it showed a
negative impact on productivity of cereal crops. The wheat varieties
having higher grain yield were found with treatments at maximum
tiller formation stage (60-90 DAS). In wheat, Ankur Omkar followed
by K-306 and Sonalika emerged as commendable varieties. In these
Adv Crop Sci Tech
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potential varieties, cell membrane stability was found to be higher
irrespective of treatments. Cell membrane permeability was increased
(with lower CMS) by both NH4Cl and NaNO2 as compared to control.
As NH4Cl treated plants had higher leakage of ions from the cells,
they possessed higher quantum of the cations in the intercellular and
exchangeable sites. Similarly, NaNO2 treated plants had higher CMS
and lower membrane leakage than NH4Cl treated plants, a lower
amount of the cations were recovered from the cellular locations. The
rate of PO activity of wheat crop treated with NaNO2 was higher than
the rate shown by the NH4Cl treatment as compared to the control.
Therefore, the membrane damages caused by NH4Cl and NaNO2 were
brought by two different mechanisms. The former depleted the cations
from the membrane directly and the later caused peroxidation of
lipids present in the membrane. Hence, the membrane became leaky
for the cations, and their quantum was higher in the intercellular and
exchangeable sites irrespective of varieties, which were detected in
the extraction processes with water and SrCl2 solutions respectively.
Although, nitrite causes swelling of thylakoids and changes membrane
stability, direct interference of free radicals with critical enzymes [27]
may be responsible for reduction in growth and yield of crops. The
oxides of nitrogen following the lipid breakdown in membrane cause
cellular plasmolysis [28]. Apart from uncoupling electron transport
chain in chloroplast [29], ammonia reduces cations viz., Calcium,
magnesium, and potassium [30]. In plant cells, calcium is one of the
integral components of plasma membrane, where it helps maintain
stability [31]. Calcium ions binds with modulator proteins e.g.
calmodulin [32], and serves as chemical signaling that in some cases
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might have some roles on physiological variations and productivity of
the crop stage-wise. There are differences between species imparting
carbon dioxide fixation, and reduction of nitrite only at low light
levels and high nitrite concentration [34]. So, the effects of irradiance,
temperature and even desiccation on the pollution responses of the
selected crop varieties and role of oxidative damage in these responses
are important thrusts. All these largely indicate that the changes of
the physiological parameters and productivity of the winter wheat
crop may have quite different facets in context with the impacts of
nitrogenous pollutants.

Peroxidase activity
(nmol Meldialdehyde g-1 f.w )

(a) N-aerosols & peroxidase activity
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Peroxidase activiuty
(nmol Meldialdehyde g-1 f.w.)

(b) Growth stages & Peroxidase activity
2500

1500

References

2. Zeevaart AZ (1976) Some effects of fumigating plants for short periods with
NO2. Environmental Pollution 11: 97-108.

1000
500

3. Rowland-Bamford AJ, Lea PJ, Wellburn AR (1989) NO2 flux into leaves of
nitrite reductase deficient barley mutants and corresponding changes in nitrate
reductase activity. Environmental and Experimental Botany 29: 439-444.

0

Growth stages at days after sowing (DAS)
Figure 6: N-aerosols & peroxidise activity.

4. Darrall NM (1989) the effects of air pollutants on physiological processes in
plants. Plant, Cell and Environment 12: 1-30.
5. Mohan M, Kumar S (1998) Review of Acid rain potential in India: Future threats
and remedial measures. Current science 75: 579-593.
6. Mc Clean CJ, van den Berg LJL, Ashmore MR, Preston CD (2011) Atmospheric
nitrogen deposition explains patterns of plant species loss. Global Change
Biology 17: 2882–2892.

(Environmental factors at DAS)

7. Sutton MA, Moncrieff JB, Fowler D (1992)Deposition of atmospheric ammonia
to moorlands. Environmental Pollution 75: 15-24.

70
60

Environmental factors

The authors express deep sense of gratitude to the Ministry of Environment and
Forests, Govt. of India for providing necessary financial assistance to accomplish
the various research works. We also acknowledge Assam Agricultural University
for furnishing all required infrastructure and laboratory facilities in implementation
of the research project in the Department of Crop Physiology, Jorhat, Assam.

1. Bharali B, Haloi B, Chutia J, Dey PC (2012) Atmosperic deposition of Nitrogen
in North-east India and productivity of winter cereals. 5th International
Conference on Water, Climate and Environment, Web BALWOIS,Ohrid, the
Republic of Macedonia.

2000

Relative humidity (%)

50

8. Mehree I, Mohr H (1989) Ammonium toxicity:description of the syndrome in
Sinapsis alba and the search for its causation. Physiologiaplantarum 77: 545554.
9. Fowler D, Cape JN, Unsworth MH (1989) Deposition of atmospheric pollutants
on forests. Philosophical transactions of the Royal Society of London Series
B-Biological Sciences 324: 247-265.

40

10. Larsson DW, Kershaw KA (1975) Measurement of CO2 exchangeable in
lichens, a new method. Canadian Journal of Botany 53: 1535-1541.

30
20

Acknowledgement

Temperature (0C)

10

11. Srivastava HS, Ormrod DP (1984) Effect of nitrogen dioxide and nitratenutrition
on growth and assimilation in bean leaves. Plant Physiol 76: 418-423.
Light intensity (Klux)

0
S1 (0-30 DAS)
S2 (30-60 DAS) S3 (60-90 DAS) S4 (90-120 DAS)
Diﬀerent stages (S) at days after sowing (DAS)

Figure 7: Environmental factors at DAS.

equips the plant to resist external stresses [33]. These possibilities have
not been explored meticulously in the present studies.
In the study, data were reproduced from pot and fields experiments
in natural environmental conditions. The plants faced with varying in
light intensity, temperature, relative humidity during their growth
periods, and particularly during incubation period for measurement
of net photosynthesis. It was clear from presentation of environmental
data that none but the light intensity varied mostly (Figure 7). Light
Adv Crop Sci Tech
ISSN: 2329-8863 ACST, an open access journal

12. Heath LR, Packer L (1968) Photo-oxidation in isolated chloroplast. I kinetics
and stochiomentry of fatty acid peroxidation. Arch Biochem Biophysic 125: 189198.
13. Yoshida S, Douglas A, Forno J, Cock Kwanchai A, Gomez A (1976) Laboratory
Manual for Physiological Studies of Rice 1-73.
14. Sullivan CY, Ross MW (1972) Selection for draught and resistance in grain
sorghum In: Mussel H and Staples R (eds) ‘Stress Physiology in Crop Plants’
Willey NY (1979) 263-289.
15. Bharali B, Bates JW (2002) Soil cations influence Bryophyte susceptibility to
bisulphyte. Annals of Botany 90: 337-343.
16. Crawley Michael J (1995) Methods in Ecology: GLIM for Ecologists. Oxford
Blackwell Scientific publications, London.
17. Hill AC, Bennett JH (1970) Inhibition of apparent photosynthesis by nitrogen
oxides. Atmospheric Environment 4: 314-348.
18. Srivastava HS, Jolliffe PA, Runeckles VC (1975) Inhibition of gas exchange in
bean leaves by NO2. Canadian Journal of Botany 53: 466-474.

Volume 3 • Issue 4 • 1000182

Citation: Bharali B, Haloi B, Chutia J, Chack S, Hazarika K (2015) Susceptibility of Some Wheat (Triticum aestivum L.) Varieties to Aerosols of
Oxidised and Reduced Nitrogen. Adv Crop Sci Tech 3: 182. doi:10.4172/2329-8863.1000182

Page 8 of 8
19. Heldt HW, Flügge UI, Stitt M (1986) Kohlenhydratstoffwechsel der
pflanzlichenphotosynthese. Biologie in unsererZeitschrift 16: 97-105.

27. Wellborn AR (1990) Why atmospheric oxides of nitrogen usually phytotoxic and
not alternative fertilizers?. New Phytologist 115: 395-429.

20. Lopata WD, Ullrich H (1975)
strukturellenVeränderungenanPflanzen
Reinhaltung der Luft 35: 196-200.

und
und

28. Pryor WA, Lightsey JW (1981) Mechanisms of NO2 reaction: initiation of lipid
peroxidates and the production of nitrous acid. Science 214: 435-437.

21. Wellborn AR, Mayernik O, Wellborn F(1972) Effect of SO2 and NO2 polluted
air upon the ultrastructure of chloroplasts. Environmental Pollution 3: 37-49.

29. Lilley RM, Fitzgerald MP, Rienits KG, Walker DA (1975) Criteria of intactness
and the photosynthetic activity of spinach chloroplast preparations. New
Phytologist 75: 1-10.

Untersuchungenzustoffichen
under NO2-Einfluss. Staub

22. Beevers L, Hegeman RH (1969) Nitrate reduction in higher plants. Annual
Reviews of Plant Physiology 20: 495-522.
23. Murray AJ, Wellborn AR (1985) Differences in nitrogen metabolism between
cultivars of tomato and pepper during exposure to glasshouse atmospheres
containing oxides of nitrogen. Environmental Pollution 39: 303-316.
24. Hisamatsu S, Nihira J, takeuchi Y, Satoh S, Kondo N(1988) NO2 suppression of
light-induced nitrate reductase in squash cotyledons. Plant and Cell Physiology
29: 395-401.

30. Boxman AW, Krabbendam H, Bellemakers MJS, Roelofs GM (1991) Effects of
ammonium and aluminium on the development and nutrition of Pinusnigra in
hydroculture. Environmental Pollution 73: 119-136.
31. Legge RL, Thompson JE, Baker JE, Lieberman M (1982) The effect of calcium
on the fluidity of phase properties of microsomal membranes isolated from
postclimacteric golden delicious apples. Plant and Cell Physiology 23: 161-169.
32. Dieter P (1984)Calmodulin and calmodulin-mediated processes in plants. Plant
Cell and Environment 7: 371-380.

25. Vergeer P, Van Den Berg LLJ, Bulling MT, Ashmore MR, Kunin WE (2008)
Geographical variation in the response to nitrogen deposition in Arabidopsis
lyratapetraea. New phytologist 179: 129-141.

33. Bharali B, Bates JW (2004) Influences of extracellular calcium and iron on
membrane sensitivity to bisulphiote in the mosses Pleuroziumschreberi and
Rhytidiadelphustriquetrus. Journal of Bryology 26: 53-59.

26. Prasad BJ, Rao DN (1980) Alteration in metabolic pools of nitrogen dioxide
exposed wheat plants. Indian Journal of Experimental Biology 18: 879-882.

34. Peirson D, Elliot JR (1988) Effects of nitrite and bicarbonate on nitrite utilization
in leaf of bush bean (Phaseolus vulgaries). Journal of Plant Physiology 133:
425-429.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:
•
•
•

Increased global visibility of articles through worldwide distribution and indexing
Showcasing recent research output in a timely and updated manner
Special issues on the current trends of scientific research

Special features:

Citation: Bharali B, Haloi B, Chutia J, Chack S, Hazarika K (2015) Susceptibility
of Some Wheat (Triticum aestivum L.) Varieties to Aerosols of Oxidised and
Reduced Nitrogen. Adv Crop Sci Tech 3: 182. doi:10.4172/2329-8863.1000182

Adv Crop Sci Tech
ISSN: 2329-8863 ACST, an open access journal

•
•
•
•
•
•
•
•

700 Open Access Journals
50,000 Editorial team
Rapid review process
Quality and quick editorial, review and publication processing
Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus, Google Scholar etc.
Sharing Option: Social Networking Enabled
Authors, Reviewers and Editors rewarded with online Scientific Credits
Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsonline.org/submission/

Volume 3 • Issue 4 • 1000182

