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INTRODUCTION

Cereals serves as the main crops for providing energy in
feed and food and also they are major supplier of protein
consumed by humans. Wheat grain contains protein and amino
acids with high biological value. The protein is required for
maintaining, repairing the body and for energy (Young and
Pellet, 1985). The building blocks of proptein are known as
amino acids. Lysine, methionine and proline are considered to
be important amino acids for the nutritional quality of wheat
protein. The nutrition quality of wheat (Triticum aestivum L.)
can be improved by increasing the protein content and
maintaining the balance between the essential amino acids.
Application of appropriate fertilizer doses of nitrogen (Moss,
1981) and potassium (Pettigrew et al., 2008) with conservation
tillage practices affects the quality and quantity of wheat grain
protein (Hussain et al., 1980). The extent of sandy soils are

wide in arid and semi-arid regions of India. The property of
such soils are extremely permeable because of their coarse
texture, looseness and poor organic matter content. Their
moisture retention capacity is very low and more than one third
of the applied water or rainwater is lost as deep percolation
(Mann and Singh, 1975). These soils are prone to heavy losses
of soluble nutrients (Mann and Singh, 1977). The extent of
nutrient loss is highest with nitrogen (N) followed by potash
(K) and least with phosphorus (P) (Gupta and Majumdar, 1994).
Potassium maintains the permeability of cell membranes,
keeping protoplasm in a proper degree of hydration which
favours increased tolerance in plants against moisture stress,
heat, frost and diseases (Singh, 2000). All amino acids,
significantly increased with increased N and K treatments
(Kandi et al., 2012 and Tababtabaei and Ranjba, 2012) except
proline. The role of soil surface compaction is indirect in
facilitating crop development. Compaction that results in soil
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retention of N and K in highly permeable soils can enhance
wheat grain quality. Potassium application increases the lysine
and methionine concentration in wheat grain (Hojjati and
Maleki, 1972). Koch and Mangel (1977) reported that K
increased the concentrations of prolamine, glutelin and soluble
amino acids in grain for protein synthesis. Ghildyal and
Satyanarayana (1965) explored the possibility of increasing
micropores at the expense of macropores by soil compaction.
Compaction of such soils at procter (optimal moisture content,
Day Robert, 2001) moisture creates a barrier of relatively high
bulk density in the subsurface layer, which helps in minimizing
percolation losses of nutrients and improves its capacity to store
more moisture. Majumdar et al. (2000) and Majumdar and
Meena (2003) advocated compaction of sandy soil as a
convenient and economic method of decreasing permeability
and nutrient loss. Singh et al. (2011) suggested the application
of compaction to decrease the mobility of nitrogen and
potassium in light textured soils for their efficient utilization.
Therefore, a field experiment was undertaken to study the effect
of compaction and nutrients on protein and amino acids in wheat
grain grown in a highly permeable soils.

MATERIAL AND METHODS

The field experiment was conducted at the Agronomy

Farm, College of Agriculture, Jobner, located at 75.280E longitude
and 26.060N latitude at MSL 427 m. The climate is semi-arid
having maximum temperature up to 460C in summer and minimum
occasionally falls below 00C. The average rainfall is 400 mm.
Wheat (var. Raj 3077) was the test crop. The soil was a loamy
sand, low in available nitrogen (127.3 kg ha-1, alkaline
permanganate method, Subbiah and Asija, 1956), available
phosphorus (15.8 kg ha-1, 0.5 N NaHCO

3
 extraction, Olsen et

al., 1954) and available K
2
O (174.7 kg ha-1, Metson, 1956). The

soil was non saline with a pH value 8.1 (Table A). The experiment
was a Split Plot Design consistedof four levels of compaction
(zero, 4, 8 and 12 passings of a 500 kg manually driven iron
roller) as main plot treatments and three levels of nitrogen (40,
80 and 120 kg N ha-1as urea) and three levels of potassium (20,
40 and 60 kg K

2
O ha-1 using potassium chloride) as sub-plot

treatments. The 36 factorial treatment combinations were
replicated four times. The soil was thoroughly prepared and
leveled before sowing. A half dose of nitrogen (urea) and full
dose of potassium (potassium chloride) was applied as basal
dose and remaining half dose of nitrogen was applied as top
dressing 30 days after sowing in plot size of 4×3m. The grain
samples of about 1.5 - 2.0 kg from individual plot was collected,
prepared, grinded and analyzed as per standard methods (Table
B) in the laboratory. The variance ratio was calculated by the
Fisher (1950) variance technique.

Table A : Physico-chemical properties of experimental soils
Physical properties Chemical properties
Mechanical composition

Course sand (%) 19.9 Available N (kg ha-1) 127.3

Fine sand (%) 64.0 Available P2O5 (kg ha-1) 15.8

Silt (%) 8.7 Available K2O (kg ha-1) 174.7

Clay (%) 7.4 CEC [cmol (p+) kg-1] 6.2

Textural class Ls CaCO3 (%) 0.2

Particle density (Mgm-1) 2.7 Organic carbon (%) 0.2

Bulk density (Mgm-1) 1.5 Total nitrogen (%) 0.02

Hydraulic conductivity (cmhr-1) 9.3 ECe (dSm-1 at 250C) 1.20

Infiltration rate(cmhr-1) 20.1 pH (1:2 soil water suspension) 8.1

Moisture retention at 1/3 bar (%) 10.3

Table B : Effect of levels of compaction on bulk density and per cent moisture content at various stages of crop growth
Compaction Bulk density (Mgm-3) Moisture (%)
levels

Depth (cm)
JAC AH JAC AH

0-15 1.50 1.48 8.34 4.26
C0

15-30 1.53 1.52 8.68 4.49

0-15 1.54 1.51 11.04 5.33
C4

15-30 1.58 1.56 11.82 5.89

0-15 1.56 1.54 12.50 6.24
C8

15-30 1.62 1.56 13.20 6.86

0-15 1.60 1.56 13.20 7.00
C12

15-30 1.66 1.57 13.96 7.68
JAC: Just after compaction, AH: At harvest
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RESULTS  AND  DISCUSSION

The results obtained from the present investigation as
well as relevant discussion have been summarized under
following heads :

Total amino acids (TAA) and total protein (TP) :
Compaction :

The maximum concentrations of TAA and TP occurred
with the maximum compaction, C

12
. The C

12
 level had 8.96 to

18.29 and 10.92 to 12.73 per cent higher TAA and TP
concentrations, respectively over the control, C

0
. Significant

positive effects (Table 1) of compaction on TAA and TP were
likely due to the increased N availability, and more favorable
soil physical properties i.e. bulk density, moisture storage
capacity and non capillary porosity of soil, decrease in
hydraulic conductivity and infiltration rate reported by Kirda
et al. (1973); Ghuman et al. (1975), Gupta and Majumdar (1994)

and Mathur et al. (2006).

Nutrients :
Maximum TAA and TP of wheat occurred (Table 2) with

the maximum rate of N, 120 kg N ha-1. The N significantly
increased TAA (79.12 to 70.97 %) and TP (13.13 to 12.35
%). Increased TAA and TP with increased N is due to higher
N content (Singh and Anderson, 1973). Increasing potassium
increased the TAA and TP of wheat grain with 60 kg ha-1 (K

60
).

Treatment K
60

maintains higher values of TAA (14.79 to 12.23
%) and TP (4.36 to 3.96 %) as compared to K at 20 kg ha-1.
Sub-surface compaction and levels of potassium has
significantly increased nitrogen and potassium utilization
efficiency (Majumdar et al., 2000).

Lysine, methionine and proline content :
Compaction :

Increasing compaction increased wheat grain lysine and

Table 1 : Methods used for analysis
Parameter Procedure Reference

Total amino acids By modified ninhydrin method, colour measured using colorimeter Yemmand Cocking (1955)

Total proteins Using folin-ciocalteau reagent Lowry et al. (1957)

Lysine Amino group of lysine form dinitropyridyal derivative with 2 chloro-3, 5 dinitropyridine, a

coloured product so formed , estimated colorimetrically

Theymoli and Sadasivam

(1987)

Methionine Methionine gives yellow colour with nitropruside solution under alkaline condition and turns

red on acidification. This colour is estimated colorimetrically.

Hern et al. (1946)

Proline Extraction with aqueous sulphosali cyclic acid and reaction with ninhydrin in acid medium

the pink colour so obtained is measured colorimetrically

Bates et al. (1993)

Table 2 : Effect of compaction, nitrogen and potassium levels on tatal amino acids (TAA) and total protein (TP) content
TAA (mg g-1) TP (mg g-1)

Treatments
1st year 2nd year 1st year 2nd year

Compaction

C0 3.4 3.1 91.5 89.5

C4 3.5 3.4 94.0 93.2

C8 3.6 3.5 98.1 98.0

C12 3.7 3.7 101.5 100.9

S.E. ± 0.03 0.12 0.78 0.36

C.D. (P=0.05) 0.11 0.38 2.52 1.14

Nitrogen

N40 2.5 2.5 89.9 89.9

N80 3.6 3.5 97.3 96.4

N120 4.5 4.2 101.7 101.0

S.E. ± 0.02 0.06 0.56 0.31

C.D. (P=0.05) 0.06 0.17 1.56 0.86

Potassium

K20 3.3 3.2 94.1 93.4

K40 3.6 3.5 96.6 95.8

K60 3.7 3.6 98.2 97.1

S.E. ± 0.02 0.06 0.56 0.31

C.D. (P=0.05) 0.06 0.17 1.56 0.86
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methionine concentrations, but proline decreased (Table 3).
The C

12
 level had 14.75 to 14.07 and 11.80 to 11.36 per cent

higher lysine and methionine concentration, and 39.72 to
42.16 per cent lower proline over the control C

0
. Positive

effects of compaction on lysine and methionine may be due
to better moisture availability and root growth in compacted
plots. Compaction increased wheat grain protein (Raath and
Agenbag, 1997). Proline content decreased with increased
compaction in our study, due likely to more optimum
moisture and reduced stress conditions that otherwise
increase proline.

Nutrients :
Nitrogen significantly increased wheat lysine,

methionine and proline content of wheat with 120 kg ha-1,
lysine increased 17.13 to 14.73 per cent, methionine 19.31 to
19.03 per cent and proline 20.32 to 19.66 per cent content
over the N

40
 treatment. Increased lysine, methionine and

protein with increased N were reported by Ahmed and Arain
(1999). Higher values for protein and methionine content were
also reported with maximal N fertilizers (Crista et al., 2012).
Higher K levels (K

60
) also showed increased lysine, methione

and proline content of wheat grain. Potassium increased the
rate of amino acid translocation into the grain as well as the
conversion of amino acids into grain proteins (Mengel et al.,
1981). Kehui et al. (1996) reported increased in amino acids
concentration with K fertilizer. Hojjati  and  Maleki (1972)
conducted an experiment to study the effects of N and K
fertilization on the lysine, methionine, and total protein

contents of wheat and reported that K significantly increased
the lysine percentage in the protein.

Conclusion :
On the basis of this study, it is suggested that compaction

and nutrients increased TAA, TP, lysine, and methionine likely
as a result of improved soil physical properties for better root
growth and higher moisture and nutrient availability. The light
textured soils are prone to quick nutrient losses were improved
and resulted in enhancement of the better nutritive value of
wheat grain.

REFERENCES

Abderrazak, S., Ezzarouk, K.M. and Amuslim, M. (1995). Effects
of water stress and nitrogen fertilizer rate on nitrogen uptake, water
use and wheat. Al Awamia, 89 : 49-75.

Abedin, M.J., Aleque, M.A., Panullah, G.M. and Mazid, M.A.
(1998). Evaluation of two concept of fertilization for wheat in a
calcareous soil of Bangladesh. J. Plant Nutr., 21 (9) : 1843-1854.

Agrawal, R.P., Jhorar, B.S., Dhankar, J. and Raj, M. (1987).
Compaction for sandy soils for irrigation management. Irrig. Sci.,
8 (4) : 227-232.

Ahmad, M. and Arain, A. (1999). Effect of drought simulation on
grain weight, protein and lysine content of bred wheat (Triticum
aestivum L.). Pakistan. J. Bot., 31(1) : 109-114.

Balai, C.M., Yadav, K.K. and Majumdar, S.P. (2009). Effect of
compaction on bulk density saturated hydraulic conductivity and
moisture content of soil. Hydrology J., 32(1-2) : 87-94.

Table 3 : Effect of compaction, nitrogen and potassium levels on lysine, methionine and proline content
Lysine (mg g-1) Methionine (mg g-1) Proline (mg g-1)

Treatments
1st year 2nd year 1st year 2nd year 1st year 2nd year

Compaction

C0 3.24 3.18 3.00 2.98 0.23 0.24

C4 3.39 3.34 3.22 3.17 0.21 0.20

C8 3.59 3.49 3.35 3.29 0.19 0.17

C12 3.74 3.65 3.38 3.34 0.16 0.15

S.E. ± 0.039 0.089 0.082 0.054 0.02 0.018

C.D. (P=0.05) 0.126 0.284 0.263 0.176 0.06 0.058

Nitrogen

N40 3.21 3.19 2.90 2.89 0.19 0.18

N80 3.50 3.40 3.35 3.24 0.20 0.19

N120 3.76 3.66 3.46 3.44 0.23 0.21

S.E. ± 0.021 0.042 0.056 0.029 0.003 0.004

C.D. (P=0.05) 0.059 0.119 0.157 0.083 0.008 0.013

Potassium

K20 3.24 3.22 2.96 2.92 0.19 0.18

K40 3.50 3.37 3.23 3.19 0.21 0.20

K60 3.74 3.66 3.51 3.47 0.22 0.21

S.E. ± 0.021 0.042 0.056 0.029 0.003 0.004

C.D. (P=0.05) 0.059 0.119 0.157 0.083 0.008 0.013

INDRA RAJ SINGH AND S.P. MAJUMDAR

1-6



Hind Agricultural Research and Training InstituteInternat. J. agric. Sci. | Jan., 2015 | Vol. 11 | Issue 1 | 5

Bates, L.S., Waldren, S.P. and Teare, I.D. (1993). Rapid
determination of free proline for water-stress studies. Plant Soil, 39
(1) : 205-207.

Crista, F., Radulov, I., Sala, F., Crista, L. and Berbecea1, A.
(2012). Influence of NPK fertilizers upon winter wheat grain quality.
Res. J. Agric. Sci., 44(3) : 30-35.

Day, Robert W. (2001). Soil testing manual: procedures,
classification, data and sampling practices, Newyork. McGraw Hill,
Inc. 293-312pp.

Fisher, R.A. (1950). Statistical methods for research workers. Oliver
and Boyd Edinburgh, LONDON, UNITED KINGDOM.

Ghildyal, B.P. and Satyanarayana, T. (1965). Effect of compaction
on physical properties on four different soils of India. J. Indian Soc.
Soil Sci., 13 : 149-155.

Ghuman, B.S., Verma, S.M. and Parihar, S.S. (1975). The effect
of application rate, initial soil wetness and redistribution time on
salt displacement by water. Sci. Soc. Am. Proc., 39 (1) : 7-10.

Gupta, R.P. and Majumdar S.P. (1994). A study of some tillage
systems to alleviate physical constrains and reduce nitrate-nitrogen
leaching from loamy sand. Extended Summaries National Seminar of
Indian Society of Soil Science. IARI New Delhi, India Nov. 29- Dec.
1, 29-31pp.

Hojjati, S.M. and Maleki, M. (1972). Effect of potassium and
nitrogen fertilization on lysine, methionine and total protein contents
of wheat grain, Triticum aestivum L. em. Thell. Agron.J., 64(1): 46-
48.

Hern, M.J., Jones, D.B. and Blum, A.E. (1946). Colorimetric
determination of methionine in proteins and food. J. Biol. Chem.,
166 (1) : 313-320.

Hussain, T., Iqtidar, A., Khan, A. and Rehman, H. (1980). Effect
of N and K on the quality and quantity of wheat grain protein.
Pakistan J. Sci., 32 : 5-10.

Inwry, O.H., Rosehmugh, N.J., Farr, A.L. and Randall, K.J.
(1951). Protein measurement wlth the folin phenol reagent. J. Biol.
Chem., 193 (1) : 265-275.

Jackson, M.L. (1967). Soil chemical prentice Hall Inc. Englewood
Cliffs, N.J. 1973 Ed.

Kandi, M.A.S., Tobeh, A., Golipouri, A., Godehkahriz, S.J. and
Rastgar, Z. (2012). Concentration changes of lysine and methionine
amino acids in potatoes varieties affected by different levels of
nitrogen fertilizer. Tech. J. Engg. & App. Sci., 2(4) : 93-96.

Kehui, L., Lytton, D., Zheng, Y., Kunming, M. and Zhengxiong,
Z. (1996). Effect of potassium fertilizer on yield and amino acid
content of winter wheat. J. Yunnan Agric. Univ., 11(4) : 228-234.

Kirda, C., Nielson, D.R. and Bigger, J.W. (1973). Simultneous
transport of chloride and water during infiltration. Soil Sci. Soc. Am.
Proc., 37 (3)  : 339-345.

Koch, K. and Mengel, K. (1977). Effect of K on N utilization by
spring wheat during grain protein formation. Agron. J., 69 (3) : 477-
487.

Lowry, O.H., Roberts, N.R. and Kapphahn, J.I. (1957). The
fluorometric measurement of pyridine nucleotides. J. Biol. Chem.,
224 (2): 1047-1064.

Majumdar, S.P. and Das, D.K. (1997). Management of coarse
textured soils of arid ecosystems for sustaining crop productivity.
Paper presented at Arid Ecosystems (RAMECOS) held at Jodhpur
3-5 March.

Majumdar, S.P. and Meena, B.L. (2003). Effect of subsurface
compaction and sulphur levels on the performance of barley grown
under typic ustipsamments. J. Agric. Physics, 3(1-2) : 56-61.

Majumdar,  S.P.,  Meena, R.L. and Baghel, G.D.S. (2000). Effect
of levels of compaction and potassium on yield and quality of tomato
and chilli crops grown on highly permeable soils. J. Indian Soc. Soil
Sci., 48(2) : 215-220.

Mann, H.S. and Singh, R.P. (1975). Crop production in the arid
zone with special reference to western Rajasthan. Ann. Arid Zone,
14 : 347-357.

Mann, H.S. and Singh, R.P. (1977). Desertification and its control,
I.C.A.R., New Delhi. 215pp.

Mathur, N., Singh, J., Bohra, S., Bohra, A. and Vyas, A. (2006).
Effect of soil compaction, potassium and cobalt on growth and
yield of moth bean. Internat. J. Soil Sci., 1(3) : 269-271.

Metson, A.G. (1956). Methods of chemical analysis for soil survey
samples. New Zealand Department of Science and Research. Soil
Bureau. Bulletin 12.

Mitrus, J., Stankiewicz, C., Stec, E. and Starczewski, J. (2003).
The influence of selected cultivation on the content of total protein
and amino acids in the potato tubers. Plant Soil Environ., 49(3) :
131-134.

Moss, H.J., Wrigley, C.W., MacRichie, R. and Randall, P.J.
(1981). Sulfur and nitrogen fertilizer effects on wheat. II. Influence
on grain quality. Australian J. Agric. Res., 32(2) : 213-226.

Olsen, S.R., Cole, C.V., Watanabe, F.S. and Dean, L.A. (1954).
Estimation of available phosphorus in soils by extraction with sodium
bicarbonate. U. S. Department of Agriculture Circular No. 939.

Patil, R.B., Chavan, S.B., More, S.D. and Shinde, J.B. (2013).
Effect of potassium humate on biochemical aspects of wheat. Indian
J. Applied Life Sci., 3(1) : 89-91.

Raath, N.C. and Agenbag, G.A. (1997). Effect of soil tillage and N
application on yield, protein content and the incidence of yellow
berry in wheat (Triticum aestivum L.). Appl. Plant Sci., 11(1): 16-
19.

Richards, L.A. (1954). Diagnosis and improvement of saline and
alkali soils, USDA, Hand Book No. 60.

Sarkar, M.C., Uppal, K.S., Rana, D.S. and Benerjee, N.K. (1994).
Fate of 15 N urea applied to wheat grown under upland irrigated
condition on a typicusochrept. J. Indian Soc. Soil Sci., 42: 267-271.

Sekhon, N.K. and Aggarwal, G.C. (1994). Effect of long term
application of organic manure to maize on the timing of phonological
events in succeeding wheat. Indian J. Ecol., 21(2) : 103-106.

EFFECTS OF NUTRIENTS & COMPACTION LEVELS ON AMINO ACIDS & PROTEIN CONTENT IN WHEAT

1-6



Hind Agricultural Research and Training InstituteInternat. J. agric. Sci. | Jan., 2015| Vol. 11 | Issue 1 | 6

Singh, I.R.P., Mandal, D. and Majumdar, S.P. (2011). Compaction
and nutrient effect on plant water relation parameters, utilization
efficiency and N and K mobility in loamy soil in wheat crop. J. Soil
& Water Conservation, 10(1) : 24-28.

Singh, K.K. and Verma, G. (2001). Effect of soil compaction on
physical properties of loamy sand soil and yield of groundnut
(Arachis hypogaea L.). Res. on Crops, 2(2) : 145-147.

Singh, R.P. and Anderson, R.G. (1973). Nitrogen and dry matter
accumulation in dwarf wheat varieties as influenced by nitrogen
fertilization. Indian J. Agric. Sci., 43 : 570-579.

Singh, S.S. (2000). Soil fertility and nutrient management. Kalyani
Publishers, Ludhiana (PUNJAB) INDIA.

Spaldon, E. and Karabinova, M. (1978). Effect of compaction

processes on nutrient utilization in wheat. Pol’ nohospodarstvo, 24:
749-758.

Subbiah, B.V. and Asija, G.L. (1956). A rapid procedure for
estimation of available nitrogen in soils. Curr. Sci., 25 : 259-260.

Tababtabaei, S.A. and Ranjba, G.H. (2012). Effect of different
levels of nitrogen and potassium on grain yield and protein of
triticale. Internat. Res. J. Appl. Basic. Sci., 3(2) : 390-393.

Theymoli, Balasubramanian and Sadasivam, S. (1987). Changes
in starch, oil, protein and amino acids in developing seeds of okra
(Abelmoschus esculentus L. Moench). Plant Foods for Human Nutr.,
37 (1) : 41-46.

Young, V.R. and Pellett, P.L. (1985). Wheat proteins in relation to
protein requirements and availability of amino acids. American J.
Clini. Nutri., 41 (5 Suppl.) : 1077-1090.

INDRA RAJ SINGH AND S.P. MAJUMDAR

1-6

11 th
 of Excellence

Year
 


