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Abstract
A field experiment was carried out to evaluate the effect of different levels of mascagnite solution on some bio-chemical
parameters such as: proline, Leghaemoglobin, chlorophyll, nitrogen, phosphorous, protein, and nitrate and nitrite reductase
enzymes activity in lentil crop. The experiments were conducted in the research farm of the Botany Department of C.C.S.
University, Meerut in Rabi season (2017-18). Mascagnite, a source of nitrogen and sulfur nutrients has the potential agronomic
benefits in increasing crop production over other commonly used N and S fertilizers. 1.5% of ammonium sulphate was found
beneficial for the lentil crop productivity as compared to others remaining 0%, 0.5%, 1.0% treatments. 1.5% of mascagnite
solution had the better potential to reduce the stress conditions and enhanced the biochemical pathways to provide essential
elements such as nitrogen or sulfur.
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Introduction
World population is predicted to be doubled by 2050
(http://www.fao.org), imposing an increasing demand for food
that comes together with an increasing concern on
environment and food security. Legumes are important food
and feed crops as the main component of nutritious diet [1]. It
has an ever increasing role as forage producing crop for highquality meat and milk production [2]. Legumes are also gaining
importance for their health benefits [3]. They also have the
unique ability to form a symbiotic relationship with soil
bacteria collectively called “Rhizobia” [4].
Lentil (Lens culinaris Medikus subsp. culinaris) which is a
diploid (2n = 14 chromosomes) as an autogamous annual
legume with a haploid genome size of an estimated 4063 Mbp
[5]
is the second most important Rabi legume crop after
chickpea and is cultivated on 1.47 million hectares area with
an annual production of 1.04 million tones with a productivity
around 705 kg/ha during 2014 (Agricultural Statistics
Division, 2014-2015). It is variously grown as rain fed crop in
area of various states of India [6].
Plant nutrient management is critical to the sustainability of
agricultural production systems. Nitrogen, phosphorus,
potassium and sulfur are the four macronutrients required for
crop growth in order to maintain agricultural sustainability
(nutrients that are removed from the soil by crops) and the soil
fertility. Balanced fertilizer sources (macro - and micro nutrients) are incorporated into soil regularly [7].
Leguminous plants are able to biologically fix atmospheric
nitrogen so that there is no or very little need of external
nitrogen input [8] but plants are not able to fix sulfur as they fix
nitrogen by the process of nitrogen fixation. However, sulfur
is also very essential for synthesis of amino acids like cystine
and methionine. These amino acids are component of vitamin

A and activates certain enzyme systems in leguminous plants
[9]
. Obviously it is required for proper growth and yield of
plants in sufficient amount. Continuous removal of sulphur
from soil by plant led to widespread deficiency which affected
soil sulphur budget. Sulphur deficiency leads accumulation of
amino acids, which is assumed to down to regulate nitrogen
uptake and assimilation.
Mascagnite fertilizer (Ammonium sulfate) is produced from
the reaction of ammonia with sulfuric acid. It contains 21%
nitrogen and 24% sulphur. It is known to be as one of the best
fertilizers for providing essential elements like nitrogen and
sulphur for alkaline and calcareous soils [10].
Since little work has been done as a nitrogen and sulphur
fertilizer simultaneously in the relation of lentil therefore,
Keeping in view the present study was focused on the
following objectives: To evaluate the effect of Mascagnite on
some bio-chemical parameters and the efficiency of nitrogen
fixing capacity of Lens culinaris L.
Method and material
a) Geographical situation
The Choudhary Charan Singh University campus, Meerut
(U.P. India) is situated between 290 01N latitude and 770 45E
longitudes at an altitude of 237 meters above sea level. The
total geographical area of Meerut district is 2564 km2. The
district falls under western plain zone of Uttar Pradesh, subregion of Upper Gangetic plain.
b) Material
 Certified seeds of Lens culinaris. L. (Pusa vaibhav) was
procured from Indian Agriculture Research Institute, New
Delhi.
 Mascagnite [(NH4)2.SO4] was received from the Fisher
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scientific company.
c) Experimental site
The field experiment was conducted during the Rabi season in
the month of November to January during 2017-2018 to
evaluate the “Potential use of mascagnite [(NH4)2.SO4]: a way
to ameliorate crop yield and nitrogen fixation capacity of lens
culinaris L.”
d) Preparation of stock solution
Three samples of different concentrations of ammonium
sulphate solution were prepared. For this 5, 10 and 15 gm of
ammonium sulphate were dissolved in each of 1 litre of deionized water.
1. 05 gm + 1000 ml de-ionized water (0.5%)
2. 10 gm + 1000 ml de-ionized water (1.0%)
3. 15 gm + 1000 ml de-ionized water (1.5%)
e) Experimental Details
Four levels of ammonium sulphate as 0, 5, 10, and 15
gm/1000 ml distilled water in soil were used in this
experiment, resulting in a total of 4 treatments (control, 0.5%,
1.0 %, 1.5% (NH4)2.SO4). Four small land plots, each of 1X1
meter2 were sprayed with each of four solution of treatments
i.e. control, 0.5%, 1.0 %, 1.5% (NH4)2.SO4.
f) Recorded Data
Seed Viability Test The seeds were checked for their viability
by using the test made by Lamarca (2014) [11].
Proline Content: The proline content was estimated by the
protocol given by Bates et al. (1973) [12].
Leghaemoglobin Content: Leghaemoglobin content was
estimated by the protocol given by Bergersen method (1980)
[13]
.
Chlorophyll content: Chlorophyll content was estimated by
using Arnon’s (1949) Method [13].
Estimation of nitrogen content: Total nitrogen content was
estimated by the method adopted by Snell and Snell (1967)
[14]
.
Estimation of Protein Content: The protein content was
estimated by Bradford method (1976) [15].
Determination of Nitrate Reductase: Total nitrate reductase
was estimated by Hageman method (1980) [16].
Determination of Nitrite Reductase: Total nitrite reductase
was estimated by Guerrero method (1982) [17].
Determination of phosphorous: Total phosphorous was
estimated by Olsen method (1954) [18].
Result & Discussion
Protein content
With the increase in use of concentration of mascagnite
solution, increase in the protein content was observed in the
seeds (Table 1). The high protein content was observed in
1.5% mascagnite treated plots. It may be due to the
stimulatory effects of mascagnite on proteolyses enzymes and
enhancement of biosynthesis of amino acids and proteins [20].
Mascagnite contains 24% sulfur and 21% nitrogen and both of
these elements play crucial role in protein synthesis. When
sulfur is limiting, protein synthesis is inhibited, resulting in
lower yields. Many globulins that increase in response to
sulfur deficiency (vicilins and convicilins) contain few S–

containing amino acids (approximately 0.6% of their
sequence), whereas the globulins whose levels decreased
contained a higher proportion of S–containing amino acids
(approximately 1.5%) [21]. Second element of mascagnite
nitrogen increases the ammonia assimilation in roots which
enhances amino acids concentration in roots which ultimately
responsible to increases the protein contents of the seeds [20].
Under optimum growth conditions, plants accumulate nitrogen
and sulfur which are proportional to that of incorporated into
protein. Present results are conformity with Scherer (2006) [22].
Proline Content
Proline as a stress amino acid indicator accumulates under
stress conditions and helps induce tolerance for stress in
plants. Increase in proline level may help maintain osmotic
potential of cytoplasm of cells which is important for survival
of plants under stress [23]. In the present investigation,
maximum proline accumulation was observed in 1.0%
mascagnite treated plots (0.106) while minimum proline
accumulation in 0.5% mascagnite treated plots (0.092) (Table
1). However, 1.5% mascagnite treated plots show moderate
level (0.100) of proline content. It may be due to 1.5% amount
of mascagnite reducing the stress condition (to provide better
internal environment for metabolic activity of the plants). A
similar kind of findings has also been reported by Saha et al.
2006 [24].
Leghaemoglobin Content
The single most abundant protein that the plant host makes in
the nodule is leghaemoglobin. In present investigation,
maximum leghaemoglobin accumulation was found in 1.5%
mascagnite treated plots (0.0152), while minimum amount of
leghaemoglobin content was found in 0.0% mascagnite
(0.0111) treated plots (Table 2). With the increasing
concentrations of mascagnite, leghaemoglobin amount
increases proportionally in the plant nodules due to the
availability of the energy supply to the nodules which enhance
the nitrogenase enzyme activity [25]. Nitrogen fixation is
reduced as a consequence of low nitrogenase enzyme activity
in plants subjected to nutrient stresses [26]. It may also be
because, sulphur as a central component of this Fe–S cluster
enzyme [27]. Sulfur deficiency ultimately affects the production
of leghaemoglobin content in leguminous plants. Similar
findings also have been reported by Saha et al. (2016) [24].
Chlorophyll Content
The effects of different treatment of mascagnite solutions on
photosynthetic pigments are presented in Table 2. The highest
amount of chlorophyll was found in 1.5 mascagnite treated
plots.The results of this experiment reveal that applications of
mascagnite at the higher amount had a significant positive
effects on activities of catalase, ascorbate peroxidase, guaiacol
peroxidise enzymes, and chlorophyll synthesis. The decrease
in the chlorophyll and Rubisco contents observed with sulfur
deficiency has also been reported in rapeseed, spinach, and
wheat. Similarly, application of sulphur significantly
increased the chlorophyll content of the leaves. Sulphur
deficiency affects the photosynthetic apparatus severely and
the chlorophyll content gets reduced by 49% because of a
general reduction of PS I and PS II [28]. Such kind of
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observations has been reported earlier by Bashir et al. (2015) [29].
Phosphorous Content
Treatment of 1.5% mascagnite resulted in the highest
phosphorous amount; however minimum amount of
phosphorous was found in 0.5% mascagnite treated plots
(Table 3). The results of this experiment revealed that
application of mascagnite at the higher doses has a significant
positive effect on phosphorous amount in plants. It may be
due to at sulfur concentration increases the uptake of the
phosphorous by plants also increases. It indicates a strong
synergetic relationship between phosphorous and sulfur in
plants. The results are in agreement with the finding of
Kannan et al. (2017) [30].
Nitrogen Content
Nitrogen concentration of the leaves of lentils is influenced by
the application of mascagnite clearly shown in the (Table 3).
Maximum nitrogen content (0.545) was obtained with the
application of 1.5% mascagnite treated plots as compared to
0.0% (0.398), 1.0% (0.499), 0.5% (0.412) treatment
respectively. These results show positive impact of mascagnite
on nitrogen content of leguminous crops. However, sulfur
deficiency resulted in lower nitrogen concentrations of leaves.
The nitrogen concentrations decreases under sulfur deficiency
imply a parallel decrement in N2 fixation. It may be an
indication of a sulfur limitation in plants. Sulfur deficiency
leads to the accumulation of amino acids, which is assumed to
down regulate nitrogen uptake and assimilation. Lower
nitrogen concentrations as well as a reduced N2 fixation under
suboptimum sulfur conditions were also established in other
legumes [31], which may be partly due to limited synthesis of
the enzymatic machinery for reducing inorganic nitrogen [32].
Sulfur assimilation is inter- connected with carbon and
nitrogen metabolism [33]. In particular, there are interactions

between the amino acid pathways, balancing the flux of sulfur,
carbon and nitrogen, as are essential for the aspartate
pathways leading to synthesis of methionine and two other
essential amino acids (threonine and lysine) [34]. In legumes,
previous studies showe that sulfur deficiency decreases
nitrogen assimilation and nitrogen fixation [35].
Nitrate Reductase
Nitrate reductase is an enzyme that reduces nitrate (NO3-) to
nitrite (NO2-) and plays a critical role in the production of
proteins in most of the crop plants. In present investigation
maximum nitrate reductase activity (0.326) was observed in
1.5% mascagnite treated plots while minimum nitrate
reductase activity (0.256) was found in 0.5% mascagnite
treated plots in comparison to control (0.0% mascagnite)
(Table 4). Nitrate reductase enzyme activity increases when
relatively high levels of mascagnite are used. (NH4)2. SO4
enhances the nitrate reductase enzyme activity at higher
concentration but nitrate reductase enzymes activity reduces in
the lower concentrations of mascagnite. Similar kind of results
was also observed earlier by Filner (1966) [36].
Nitrite Reductase
Nitrite reductase is an enzyme that reduces nitrite (NO2-) to
ammonia (NH4+) and plays a critical role in the production of
proteins in the most of the crop plants. In present investigation
maximum nitrite reductase activity (0.569) was observed in
1.5% mascagnite treated plots while minimum nitrite
reductase activity (0.549) was found in 0.5% mascagnite
treated plots (Table 4). Nitrite reductase enzyme activity
increases when relatively high amount of mascagnite is used.
Availability of nitrite (which is product of nitrate enzyme
product) enhances the nitrite reductase activity in the present
tested plants.

Tables
Table 1: Effect of mascagnite solution (0.0%, 0.5%, 1.0% and 1.5%) on protein and proline content of Lens culinaris.
Parameters

Mascagnite (0.0%)

Protein content
(mg/gm fresh wt)
Proline content
(mg/gm fresh wt)

Treatments sample
Mascagnite (0.5%)
Mascagnite (1.0%)

Mascagnite (1.5%)

0.349

0.408

0.516

0.717

0.097

0.092

0.106

0.1

Table 2: Effect of mascagnite solution (0.0%, 0.5%, 1.0% and 1.5%) leghaemoglobin and chlorophyll content of Lens culinaris.
parameters
Leghaemoglobin
mM(g.f.M.)-1
Chlorophyll a
(mg/g fresh wt)
Chlorophyll b
(mg/g fresh wt)
Wt = weight

Mascagnite (0.0%)

Treatments sample
Mascagnite (0.5%)
Mascagnite (1.0%)

Mascagnite (1.5%)

0.0111

0.0129

0.0143

0.0152

1.97

2.16

1.56

1.89

0.62

0.57

0.46

0.57

Table 3: Effect of Mascagnite solution (0.0%, 0.5%, 1.0% and 1.5%) on phosphorous and nitrogen of Lens culinaris.
parameters
Phosphorous content (mg/gm fresh wt)
Nitrogen content (mg/gm dry wt)

Mascagnite (0.0%)
0.367
0.398

Treatments sample
Mascagnite (0.5%) Mascagnite (1.0%)
0.454
0.479
0.412
0.499

Mascagnite (1.5%)
0.554
0.545
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Table 4: Effect of mascagnite solution (0.0%, 0.5%, 1.0% and 1.5%) on protein, pro line, Leghaemog lob in, chlorophyll, phosphorous, nitrogen
content and nitrate and nitrite reductase enzymes activity of Lens culinaris.
parameters
Nitrate reductase activity (µM/min/mg protein)
Nitrite reductase activity (µM/min/mg protein)

Mascagnite (0.0%)
0.277
0.547

Conclusion
It can be concluded from the present study that Mascagnite
has the positive impact on some biochemical parameters
(protein, chlorophyll, Leghaemoglobin content, and other
phosphorous and nitrogen content, nitrate and nitrite reductase
enzymes activity). The present study revealed that that the
1.5% mascagnite solution application gives better results in
comparison to the other treatments. In present time we need
more food production to fulfill the requirement of a huge
population of India or word as well as we has responsibilities
to save the environment from the harmful effects of chemical
fertilizers which we used drastically to increase the crop yield.
So we need a proper management or concentration of
chemical fertilizers which can improve the plant yield as well
as should be eco-friendly. Essentially true this concentration
(1.5%) of ammonium sulphate is useful for the legume crop.
Acknowledgements
Authors are grateful to the head of the department and all
faculty members of Botany Department, C.C.S. University,
Meerut for providing all facilities to conduct this experiment.
References
1. Vaz Patto MC, Amarowicz R, Aryee AN. Achievements
and challenges in improving the nutritional quality of
food legumes. Critical reviews in plant sciences,
2015; 34(1-3):105-143.
2. Boelt B, Julier B, Karagic D, Hampton J. Legume seed
production meeting market requirements and economic
impacts. Critical reviews in plant sciences, 2015; 34(13):412-427
3. Arnoldi A, Zanoni C, Lammi C, Boschin G. The role of
grain legumes in the prevention of hypercholesterolemia
and hypertension. Critical Reviews in Plant Sciences,
2015; 34:144-168.
4. Jensen ES, Peoples MB, Boddey RM, Gresshoff PM,
Hauggaard-Nielsen H, Alves BJR, et al. Legumes for
mitigation of climate change and provision of feedstocks
for biofuels and biorefineries. Agron Sustain Dev. 2012;
32(2):329-364.
5. Arumuganathan K, Earle ED. Nuclear DNA Content of
Some Important Plant Species. Plant Molecular Biology
Reporter, 1991; 9(3):208-218.
6. Choudhary R, Verma SK, Panwar RK, Chourasiya VK,
Pandey D. Morphological characterization of lentil (lens
culinaris medicus) varities based on six qualitative traits.
Journal of pharmacgnosy and Phytochemistry. 2017;
6:1611-1615.
7. Sawan ZM, Hafez SA, Basyony AE. E ect on nitrogen
fertilization and foliar application of plant growth
retardants and zinc on cottonseed, protein and oil yields

Treatments sample
Mascagnite (0.5%) Mascagnite (1.0%)
0.256
0.269
0.549
0.561

8.

9.

10.

11.

12.
13.
14.
15.
16.

17.
18.

19.
20.

21.

Mascagnite (1.5%)
0.326
0.569

and oil properties of cotton. J Agron Crop Sci. 2001;
186(3):183-188.
Chien Sen H, Gearhart, Mercedes M, Villagarcía. Sven.
Comparison of Ammonium Sulfate with Other Nitrogen
and Sulfur Fertilizers in Increasing Crop Production and
Minimizing Environmental Impact: A Review. Soil
Science. 2011; 176(7):327-335.
Havlin JL, Beaton JD, Tisdale SL, Nelson WL. Soil
fertility and fertilizers: An introduction to nutrient
management Upper Saddle River, NJ: Pearson Prentice
Hall. 2005; 515:97-141.
Hzhbryan M, Kazemi S. Effects of ammonium sulphate
on the growth and yield of different tomato (Lycopersicon
esculentum) plant in the city jahrom. JNAS Journal, 2014;
62-66.
Lamarca EV, Barbedo CJ. Methodology of the
tetrazolium test for assessing the viability of seeds of
Eugenia brasiliensis Lam., Eugenia uniflora L. and
Eugenia pyriformis Cambess. Journal of Seed Science,
2014; 36(4):427-434.
Bates LS, Waldren RP, Tear ID. Rapid determination of
free proline for water stress studies. Plant and soil, 1973;
39(1):205-207.
Bergersen FJ, Turner GL. Journal of General
Microbiology, 1980; 118:235-52.
Arnon DI. Copper enzymes in isolated chloroplasts,
polyphenoxidase in Beta vulgaris. Plant physiology,
1949; 24:1-15.
Snell FD, Snell CT. Colorimetric method of analysis
including photometric methods. Van Nostrand, Inc
Princerton. 1967; 4:217.
Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Analytical
biochemistry. 1976;72(1-2):248-254
Hageman RH, Reed AJ. Nitrate reductase from higher
plants. In Methods in enzymology Academic Press, 1980;
69:270-280.
Guerrero MG. Assimilatory nitrate reduction. In:
Techniques in Bioproductivity and Photosynthesis. Ist
edition (Eds. Coombs, J and Hall, D. O.), Pergamon Press
New York 1982; pp 124-130.
Olsen SR. Estimation of available phosphorus in soils by
extraction with sodium bicarbonate. United States
Department of Agriculture; Washington, 1954.
Hanshal YA. Effect of urea and ammonium sulphate on
some physiological aspects and chemical compositions of
Pennisetum glaucum plants Emir. J Food Agric. 2014;
26:444-453.
Dostalova Y, Hrivna L, Kotkova B, Buresova I,
Janeckova M, Sottníkova V. Effect of nitrogen and

84

International Journal of Multidisciplinary Research and Development

22.
23.
24.

25.

26.

27.

28.

29.

30.

31.
32.
33.
34.
35.

36.

sulphur fertilization on the quality of barley protein. Plant
Soil and Environment, 2015; 61:399-404.
Scherer HW, Pacyna S, Manthey N, Schulz M. Sulphur
supply to peas (Pisum sativum L.) influences symbiotic
N2 fixation. Plant soil environ. 2006; 52:72-77.
Hayat S, Hayat Q, Alyemeni MN, Wani AS, Pichtel J,
Ahmed A. Role of proline under changing environments.
Plant Signaling Behav. 2012; 7(11):1456-1466.
Saha S, Samad R, Rashid P, karmoker JL. Effects of
sulphur deficiency on growth, sugars, proline and
chlorophyll content in mungbean (vigna radiata L. var.
bari mung-6). Bangladesh j bot, 2016; 45(2):405-410.
Bolanos L, Martin M, Hamdaovi A, Rivilla R, Bonilla I.
Nitrogenase inhibition in nodules from pea plants grown
under salt stress occurs at the physiological level and can
be alleviated by B and Ca. Plant and Soil. 2006; 280(12):135-142.
Scherer H, Pacyna S, Spoth K, Schulz M. Low levels of
ferredoxin, ATP and leghemoglobin contribute to limited
N2 fixation of peas (Pisum sativum L.) and alfalfa
(Medicago sativa L.) under S deficiency conditions. Biol
Fert Soils. 2008; 44(7):909-916.
Curatti L, Ludden PW, Rubio LM. Nif B-dependent in
vitro synthesis of the iron-molybdenum cofactor of
nitrogenase. Proc Natl Acad Sci. USA, 2006; 103:5297–
301.
Lunde C, Zygadlo A, Simonsen HT, Nielsen PL,
Blennow A, Haldrup A. Sulfur starvation in rice: The
effect on photosynthesis, carbohydrate metabolism, and
oxidative stress protective pathways. Physiol Plant. 2008;
134(3):508-521.
Bashir H, Ibrahim MM, Bagheri R, Ahmed J, Ibrahim A,
Baig MA, et al. Influence of sulfur and cadmium on
antioxidants, phytochelatins and growth in Indian
mustard. AOB PLANTS. 2015; 7:1-13.
Kannan P, Swaminathan C, Ponmani S. Sulfur nutrition
for enhancing rainfed groundnut productivity in typical
alfisol of semi-arid regions in India. Journal of Plant
Nutrition. 2017; 40(6):828-840.
Collins M, Lang DJ, Kelling K. Effects of phosphorus,
potassium and sulphur on alfalfa nitrogen fixation under
field conditions. Agron J. 1986; 78(6):959-963.
DeBoer DL, Duke SH. Effects of sulphur nutrition on
nitrogen and carbon metabolism in lucerne (Medicago
sativa L.). Physiol Plant, 1982; 54(3): 343–350.
Hawkesford MJ, De Kok LJ. Managing sulphur
metabolism in plants. Plant Cell Environ. 2006;
29(3):382-395.
Jander G, Joshi V. Recent progress in deciphering the
biosynthesis of aspartate-derived amino acids in plants.
Molecular Plant. 2010; 3(1):54-65.
Zuber H, Poignavent G, Le Signor C, Aime. Legume
adaptation to sulfur deficiency revealed by comparing
nutrient allocation and seed traits in Medicago truncatula.
Plant J. 2013; 76(6):982-996.
Filner P. regulation of nitrate reductase in cultured
tobacco cells. biochemical et biophysica acta. 1966;
118(2):299-310.

85

