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ABSTRACT

The present investigation was carried out with wheat in rabi season of 2015-16 at Nawabganj Research Farm,
Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh, India to study the effect
of balanced use of nutrients on yield, yield attributing characters, uptake of nutrients and quality of wheat grain. A
field experiment was conducted with 10 different treatment combinations comprising of different levels of N, P, K,
S and Zn. Results revealed that the combined application of S@40 kg/ ha and Zn@5kg/ ha along with 125% NPK
(Ty) proved to be the best nutrient management option for getting higher yield with better grain protein content and
quality. Combined use of S and Zn along with 125% NPK produced highest biological yield (130.63 q/ha) which was
66% higher than 100% NPK treatment. Significant increase in yield attributing characters and nutrient uptake (N, P,
K, S and Zn) was also observed under T, treatment. As far as nutritional quality of wheat grain is concerned, about
22% higher protein content was found in wheat grain with T, treatment over control.
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Wheat (Triticum aestivum L.) is the staple food of half of
world’s entire population and covers an area of around 217
million ha accounting to be highest among cereals (Rizwan
et al. 2017; Ramadas et al. 2019). Wheat grain yield and
quality is influenced by genotype, agronomic management
practices and environment (Nuttall ez al. 2017). Nitrogen
(N) and sulfur (S) being vital for plant growth and at the
same time widely deficient in Indian soils makes it the most
important limiting factor for high wheat productivity. Zinc
(Zn) has been found to be indispensable for crop production
because of its considerable role in high grain production and
quality of grain protein (Tao ez al. 2018). It has been seen that
external supplementation of N, S and Zn could significantly
improve wheat yield and grain protein content over control
(Ercoli et al. 2013; Keram et al. 2014; Hfivna et al. 2015).
The application of Zn @ 20 kg/ha significantly increased
crude protein content in wheat grain by 23.03% and grain
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and straw yields by 20.15 and 14.26 %, respectively, over
control (Keram et al. 2014). Supplementation of S has
shown increase in number of ears per unit area to the tune
of 10-70% while decreasing the unproductive tiller count
(Htivna et al. 2015). Thus adoption of balanced nutrient
management practices particularly with respect to efficient
combination of nutrients is quiet necessary for higher
production of agricultural crops. Although wheat grain
has abysmally low protein content (7% to 22% of the dry
weight), but the large dependence on wheat for energy and
carbohydrate makes it a considerable source of protein
(20%) (Gfar.net 2019). Further, the nutritional quality of
grain is quite important particularly while formulating the
feed of livestock because the essential amino acids like
lysine cannot be synthesised by animals and hence must
be provided in the diet (Shewry 2007). Thus the present
study was carried out with the objective of assessing the
effect of balanced use of N, P, K, S and Zn on the yield
attribute, yield and as well as protein content of wheat.

MATERIALS AND METHODS

A field experiment was conducted with wheat crop
during rabi season of 2015-16 at Nawabganj Research
Farm, Chandra Shekhar Azad University of Agriculture
and Technology, Kanpur, U P (2526’ to 26°58’ N latitude
and 79°31' to 80°34'E longitude). The study was laid out in
triplicates following randomized block design (RBD) taking
wheat variety PBW-343 as a test crop. The different treatment
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combinations were, T,= control (no external fertilization),
T,= 100% NPK, i.e. 120:60:60 kg/ha (N:P,04:K,0), T,=
100% NPK + S @ 40 kg/ha, T,= 100% NPK+ Zn @ 5 kg/
ha, Tg= 100% NPK+ S @ 40 kg/ha + Zn @ 5 kg/ha, T,=
125% NPK, T.= 125% NPK+ S @ 40 kg/ha, Tg= 125%
NPK +Zn @ 5 kg/ha, Ty= 125% NPK + S @ 40 kg/ha +
Zn @ 5 kg/ha and T ;= 150% NPK. Recommended dose
of N was applied to each plot in 3splits (50% at sowing,
25% each at tillering and stem elongation) through urea.
Full dose of P, K, S, and Zn were applied at basal as per
treatment through DAP, muriate of potash (MOP), elemental
S, and zinc sulfate. Yield attributes such as plant height, test
weight of 1000 grain, ear length, effective tillers m~2, plant
stand m'!, number of grain ear’!, grain weight ear’! were
recorded. Grain and straw yields of crop were recorded per
plot and converted into quintal/ha. Harvest index (HI) was
estimated using following formula:

HI= (grain yield (kg/ha)/biological yield (kg/ha)) x 100
Computation of uptake of the N, P, K, S and Zn

at harvest in both grains as well as straw was done by
following formula.

Nutrient content (%) x Yied (kg/ha)
100

Uptake of nutrient (kg/ha)

Total nitrogen in grain samples was determined by
micro-Kjeldahl method (AOAC 1970) and protein content
in grain was calculated by multiplying the values with a
factor 6.25 (Nicholas and Nason 1957).

Protein % = N% x 6.25

Lysine content in wheat grain was determined by
colorimetric method at 400 nm as suggested by Tsai et al.
(1972). All the data recorded were subjected to statistical
analysis as outlined by Gomez and Gomez (1984) using
analysis of variance technique (ANOVA) for randomized
block design.
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RESULTS AND DISCUSSION

Yield and yield attribute of wheat

The different treatment combinations had a significant
effect on the yield and yield contributing attributes of the
wheat crop (Table 1). Highest yield was found in T9 (125%
NPK+S 4,+Zny) producing 57.68 q/ha (grain) and 72.95 g/
ha (straw) which was significantly higher over control.
Application of S and Zn along with NPK (T,) increased
economic and biological yield significantly, irrespective of
the dose of NPK. The treatment Ty showed a 17% higher
biological yield than T (108.47 g/ ha) where recommended
dose of fertilizer (RDF) of NPK (100%NPK+S ,+Zn;) was
applied. The increase in yield could be due to higher yield
attributing characters which were caused by higher dose of
NPK application. The result was in conformity with Sharma
etal. (2013), where 100% NPK dose produced around 25%
higher grain yield than 50% NPK. Combined application
of S and Zn along with NPK (both 100% and 125% RDF)
could produce much promising results in both grain and
straw yields compared to application S or Zn with NPK.
The treatment Ty where combined application of S and Zn
along with 100% NPK was done could produce around
15% and 12% higher yield (both grain and straw) than T,
(100% NPK + S) and T3 (100% NPK + Zn), respectively.
Similar results were also reported by Singh (2017) and Jan
et al. (2018). It is apparent from the data presented in Table
1 that harvest index (HI) remained unaffected by different
treatment combinations. The values of HI of wheat in all
the treatments were around 44%.

The yield attributing characters of wheat was markedly
influenced by different nutrient combinations (Table 1).
Plant height was recorded highest in Ty (90.50 cm) which
was significantly higher than control (78.20 cm). In case of
treatments where only NPK was added, the plant height of
wheat was found to increase significantly in concurrence
with increasing dose of NPK, i.e. 80.52 cm at 100% NPK,

Table 1 Effect of different treatments on yield and yield attributes of wheat.
Treatment Grain ~ Straw  Biological Harvest Plant Test weight  Ear Effective number Number
yield (q/ yield (q/ yield (¢/ index height (1000 grain length tillers  of plants of grains/
ha) ha) ha) (HI) (cm) weight) (cm) (m'2) (m'z) ear
T,  Control 2294  28.82 51.76 4445  78.20 29.13 8.12 238.14 82.00 41.09
T, 100% NPK 31.84 3990 71.74 4446 80.52 30.33 9.38 300.91 83.50 42.66
T;  100% NPK+S,, 4039  51.05 91.44 4426 84.30 30.71 10.30 339.80 83.50 43.79
T,  100% NPK+Zn, 42.00  53.16 95.16 44.18 85.16 30.87 10.55 341.17 84.00 44.04
T;  100%NPK+S,,+Zns 47.96  60.51 108.47 4425 86.52 32.09 12.01 387.92 83.50 44.13
Tg  125% NPK 4524  56.99 10223 4429 85.54 30.58 10.49 342.16 84.00 43.75
T,  125% NPK+S,, 49.18  62.10 111.28  44.17 86.38 30.94 10.80 413.33 82.50 43.89
Ty 125% NPK+Zng 5390  68.13 122.03 4428 87.27 31.60 10.90 414.21 83.00 44.01
T,  125%NPK+S,;+Zn; 57.68  72.95 130.63 4422 90.50 33.35 14.36 454.41 84.00 45.98
T,, 150% NPK 53.81  68.08 121.89  44.14 87.06 30.82 11.20 416.60 84.50 43.87
SE (d) 0.480  0.606 5.603 372 0.375 0.109 0.231 1.026 0.447 0.116
CD (P=0.05) 0.985  1.244 11.86 N.S.  0.771 0.225 0.474 2.105 N.S. 0.239
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Table 2 Simple correlation matrix showing relationship between yield attributes and yield of wheat

Grain yield Plant height  Ear length  Effective tillers Number of grains/ear ~ Test weight
Plant height 0.9637 1
Ear length 0.8169 0.8796 1
No of ear bearing tillers 0.9749 0.9374 0.8411 1
No of grains/ear 0.8868 0.9372 0.9172 0.8781 1
Test weight 0.8130 0.8631 0.9350 0.8389 0.8982 1

85.54 cm at 125% NPK and 87.06 cm at 150% NPK.
Increasing doses of NPK resulted in higher vegetative
growth causing increase in plant height (Hussain et al.
2002). Application of S@ 40 kg/ ha and Zn@ 5 kg/ ha in
combination with NPK could produce significantly higher
plant height as compared to single application of S or
Zn along with NPK. However, treatment T, (125%NPK)
resulted in significantly higher plant height of 90.50 cm
as compared to T (86.52 cm). Application of S and Zn
improved nutritional environment of rhizosphere as well as
enhancing nutrient availability and uptake by plant ultimately
enhancing metabolic activity and growth (Dewal and Pareek
2004; Yadav et al. 2017). Similarly, other yield attributes
of wheat, viz. test weight, ear length, effective tillers and
number of grain per ear showed similar trends in all the
treatments as that of yield (Table 1). The number of plant
count per m was similar in all the treatments. A positive
correlation of yield with yield attributing characters, viz.
plant height (r=0.9637), ear length (r=0.8169), number of
effective tillers (r=0.9749), number of grains/ear (r=0.8868)
and test weight (r=0.8130) was seen (Table 2).

Nutrient uptake in wheat crop

Data pertaining to nutrient uptake in wheat crop as
affected by various treatment combinations are presented
in table 3. A pronounced increase in uptake of nutrients,

viz. N, P, K, S and Zn was observed in treatment where
combine application of S and Zn was done with 125% NPK
(Ty). The uptake of N, P, K, S and Zn in wheat grain in
T9 was found to be 124.01, 19.03, 17.88, 12.68 kg/ha and
1908.63 g/kg, respectively; corresponding values for wheat
straw was 38.66, 13.13, 159.03, 13.13 kg/ ha and 2650.27
g/ kg. Such high uptake of nutrient was a clear indication
of synergistic effect of balanced fertilization and inclusion
of S and Zn into the fertilizer recommendation (Singh
2017). Further such high uptake could also be attributed to a
higher yield and nutrient content in both grain and straw of
treatment T, (125% NPK+S,+Zn,) These results were in
concurrence with the findings of Singh and Pandey (2018).
All the treatments produced significantly higher N, P, K, S
and Zn uptake by both grain and straw irrespective of the
fertilizer combination over control. Significant increase in
nutrient uptake was observed by increasing the dose of NPK
from 100% RDF (T,) to 125% RDF (T,). On an average
around 30% higher uptake of N, P, K and S in both wheat
grain and straw was observed in T, over T,. In case of Zn,
the uptake in wheat grain and straw of T, was higher to
the tune of 48% and 40%, respectively over T,. However,
the extent of increase of uptake of these nutrients was not
similar when the RDF of NPK was increased from 125%
NPK to 150% NPK (T, ). Comparable results were obtained
in case of treatments where S or Zn was applied along with

Table 3  Effect of different treatments on nutrient uptake(grain and straw) and protein and lysine content in wheat grain.

Treatments Grain Straw
N P K (kg/ S(kg/ Zn(g/ Protein Lysine N (kg/ P K (kg/ S (kg/ Zn (g/kg)
(kg/ha) (kg/ha) ha)  ha) (%) (%) ha) (kgha) ha)  ha)
T, Control 4375  6.64 458 252 419.02 11.02 051 12,10 3.17 49.57 345 712.14
T, 100% NPK 61.76 955 6.68 509 60392 1201 052 1795 478 7620 5.18 1047.37
T, 100% NPK+S,, 81.58 1252 928 6.46 945.12 1241 050 2399 6.12 9852 6.63 138294
T, 100% NPK+Zn, 86.52 12.60 10.08 7.56 1107.12 1239 049 2392 691 103.66 7.44 1602.24
Ty 100% NPK+S,,;+Zng 10023 1534 12.46 10.07 1459.90 13.17 044 3086 9.07 124.04 9.07 2063.39
Te  125% NPK 90.48 14.02 995 7.69 1156.78 1255 045 2621 6.83 10942 740 1771.24
T, 125% NPK+S,, 99.83 1573 11.80 9.34 1421.79 13.04 043 3042 8.07 121.09 8.69 2107.05
Tg  125% NPK+Zng 105.64 16.70 13.47 10.78 1750.67 12.89 0.43 32.02 9.53 13421 10.21 2454.72
Ty 125% NPK+S,,+Zng 12401 19.03 17.88 12.68 1908.63 14.11 0.40 38.66 13.13 159.03 13.13 2650.27
T,, 150% NPK 109.23 16.68 1291 9.14 1597.08 12.85 0.41 34.04 9.53 13139 885 2209.87
SE (d) 1.044 0323 0370 0297 0913 0.079 0.043 0.721 0.360 0.921 0306 0.741
CD (P=0.05) 2.143  0.663 0.759 0.609 1874 0.163 N.S. 1479 0.740 1.891 0.629 1.521

[1a1]
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NPK (100% and 125% RDF).

Quality of wheat grain

Protein content of wheat as affected by different
fertilizer combinations are presented in Table 3. On an
average the grain protein content varied between 11 to 14%
in all the treatments with lowest being in control (11.02%).
The treatment Ty (125% NPK+S,+Zn,) recorded highest
(14.11%) protein content which was 22% higher over
control. All the treatments showed protein content greater
than 11.5% indicating that the wheat grain could be suitably
used for making pasta, a high-value end product (Hare
2017). The lysine content seemed to decrease with increase
in dose of N fertilization. However, the lysine content was
obtained highest in control plot (0.51%) and lowest in 150%
NPK (0.41%). This was quite natural because the lysine
content is expected to decrease with increase in dose of N
fertilization (Jarvan et al. 2008).

Conclusion

From present investigation it can be concluded that the
incorporation of both Zn and S along with recommended
dose of NPK is very important for getting high production
with high quality of produce. Further, it can be inferred
that application of 125%NPK+S @40 kg /ha+Zn@5 kg/
ha to wheat crop could be an effective option for getting
high and better quality yield and therefore, may be
recommended.

ACKNOWLEDGEMENT

The authors sincerely acknowledge the support
received from the Division of Soil Science and Agricultural
Chemistry, Chandra Shekhar Azad University of Agriculture
and Technology, Kanpur, Uttar Pradesh, India for successful
conduct of this research work.

REFERENCES

AOAC 1970. Official Methods of Analysis, 11! edn. Association
of Official Analytical Chemists, Washington DC.

Dewal G S and Pareek R G. 2004. Effect of phosphorus, sulphur
and zinc on growth, yield and nutrient uptake of wheat (7riticum
aestivum). Indian Journal of Agronomy 49: 160-162.

Ercoli L, Masoni A, Pampana S, Mariotti M and Arduini 1. 2013.
As durum wheat productivity is affected by nitrogen fertilisation
management in Central Italy. European Journal of Agronomy
44: 38-45.

Gfar.net 2019. GCARD2. Breakout session P1.1 national food
security — speaker brief — the wheat initiative — an international
research initiative for wheat improvement [Online].

Gomez K A and Gomez H. 1984. Statistical Analysis for
Agricultural Research, pp 120-155. John Willy and Sons Inc.

Hare R. 2017. Durum wheat: Grain-quality characteristics and
management of quality requirements. (/n) Cereal Grains, pp
135-151. Woodhead Publishing.

[Indian Journal of Agricultural Sciences 90 (12)

Hiivna L, Kotkova B and Buresova 1. 2015. Effect of sulphur
fertilization on yield and quality of wheat grain. Cereal Research
Communications 43: 344-352.

Hussain M I, Shah S H, Hussain S and Igbal K. 2002. Growth,
yield and quality response of three wheat (Triticum aestivum
L.) varieties to different levels of N, P and K. International
Journal of Agriculture and Biology 4: 362-364.

Jan S, Nasrullah R, Khan M I and Ullah 1. 2018. Effects of zinc,
boron and sulphur on the yield and nutrients uptake of wheat
crop. International Journal of Agricultural and Environmental
Research 4: 78-83.

Jarvan M, Edesi L, Adamson A, Lukme L and Akk A. 2008. The
effect of sulphur fertilization on yield, quality of protein and
baking properties of winter wheat. Agronomy Research 6:
459-469.

Keram K S, Sharma B L, Kewat M L and Sharma G D. 2014.
Effect of zinc fertilization on growth, yield and quality of
wheat grown under agro-climatic condition of kymore plateau
of Madhya pradesh, India. BioScan 9: 1479-1483.

Nicholas D J D and Nason A. 1957. Methods in Enzymology, p
981. S P Colowick and N O Kaplan (Eds). Academic Press
Inc., New York, NY.

Nuttall J G, O'Leary G J, Panozzo J F, Walker C K, Barlow K M
and Fitzgerald G J. 2017. Models of grain quality in wheat—A
review. Field Crops Research 202: 136-145.

Ramadas S, Kumar T K and Singh G P. 2019. Wheat Production
in India: Trends and prospects. (In) Global Wheat Production.
Intech Open.

Rizwan M, Ali S, Hussain A, Ali Q, Shakoor M B, Zia-ur-Rehman
M, Farid M and Asma, M. 2017. Effect of zinc-lysine on growth,
yield and cadmium uptake in wheat (7riticum aestivum L.) and
health risk assessment. Chemosphere 187: 35-42.

Sharma G D, Thakur R, Raj S, Kauraw D L and Kulhare P S.
2013. Impact of integrated nutrient management on yield,
nutrient uptake, protein content of wheat (7riticum aestivam)
and soil fertility in a typichaplustert. Bioscan 8: 1159-1164.

Shewry P R. 2007. Improving the protein content and composition
of cereal grain. Journal of Cereal Science 46: 239-250.

Singh V and Pandey M. 2018. Direct effect of sulphur and zinc
on productivity, quality and nutrient uptake by pearl millet
(Pennisetum glaucum) and their residual effect on succeeding
wheat (Triticum aestivum) in pearl millet—-wheat crop sequence.
Annals of Plant and Soil Research 20: 233-238.

Singh V. 2017. Effect of balanced use of nutrients on productivity
and economics of wheat (7riticum aestivum). Annals of Plant
and Soil Research 19: 105-109.

Tao Z Q, Wang D M, Chang X H, Wang Y J, Yang Y S and
Zhao G C. 2018. Effects of zinc fertilizer and short-term high
temperature stress on wheat grain production and wheat flour
proteins. Journal of Integrative Agriculture 17: 1979—1990.

Tsai C Y, Hansel L W and Nelson O E. 1972. A colorimetric
method of screening maize seeds for lysine content. Cereal
Chemistry 49: 572-579.

Yadav S K, Singh G, Kumar R, Kumar P and Mohan B. 2017. Effect
of phosphorus, sulphur and zinc on growth, yield and yield
attributes of wheat (7riticum aestivum). International Journal
of Current Microbiology and Applied Sciences 6: 2581-2584.



