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Abstract
A field experiment was conducted in split-split plot design to study the effect of
N, Zn and Fe application on N, P and K content in grain and straw and their total
uptake in parmal rice crop. The results of the study showed that N and K content
were significantly higher at 125% of RDN as compared to 75% of RDN both in
grain and straw. Zn also had significant effect on N and K content; Zn 4 and Zn2
were statistically at par with each other and were significantly higher than Zn3
and Zn1 which were also statistically at par with each other. P content was not
affected by N, Zn and Fe application. Total N, P and K uptake by rice crop was
significantly affected by N levels and Zn application methods but the effect of Fe
on uptake of N, P and K was found to be non-significant.
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Introduction
Rice is a self pollinated, short day plant belonging to the family Gramineae and it is the cereal crop with the second
highest worldwide production. Rice is the dominant staple food for more than half of the world’s population [16].
Primarily, it is grown in more than 100 countries of Asia. But the productivity of rice is low in India as compared to
other asian countries. Declining land productivity with negative nutrient balance is the main concerns against the food
security problems in the country. Fertilization is one of the most important notable measures that help to increase
agricultural production. So, application of adequate amount of mineral nutrients like N, Zn and Fe to crop is one of
the important factors in achieving higher productivity. Modern rice varieties obviously require higher amount of
nutrients to give higher crop yields. So, it is necessary for improving the efficiency of applied fertilizers, which
depends on adequate availability of most essential plant nutrients in a balanced proportion throughout the crop growth
period. In recent year’s use of fertilizers coupled with intensive cropping have accelerated the exhaustion of
micronutrient reserves of soils. It has, thus, become imperative to use the matching doses of required NPK and micronutrients.
Nutrient deficiency is another one of the important yield limiting factors includes delayed sowing, intensive
cultivation and imbalance and non-judicious fertilizers use. Nitrogen fertilization plays a great role in increasing rice
production. Nitrogen is one of the most mobile plant nutrients in the soil. Management of nitrogen is essential for
aerobic culture of rice because nitrogen use efficiency (NUE) should be in the range of 40-60 per cent. Application of
nitrogen at right time is perhaps the simplest agronomic solution for improving the nitrogen use efficiency. Zn is also
known to have an important role either as a metal component of enzymes or as a functional, structural or regulatory
co-factor of a large number of enzymes [6]. Major factors which influence the zinc content in soil are pH, carbonate
content, organic matter, soil texture and interaction between zinc and other microelements, such as iron. Zinc is
important to membrane integrity and phytochrome activities [13]. Zinc is essential for the normal healthy growth and
reproduction of plants and plays a key role as a structural constituent or regulatory co-factor of enzymes in many
biochemical pathways. Less mobile nutrients (e.g. iron and zinc) low availability in new leaf tissues and shoot tips
causing deficiency symptoms visible in the terminal younger part of the canopy.
Iron is also one of the most essential elements but it's use is low and also due to it's less mobility for plant. Among
all the micronutrients, plants need iron more than other. Among micronutrients, Iron (Fe) is a cofactor for
approximately 140 enzymes that catalyze unique biochemical reactions. Foliar fertilization, which has been developed
in the last 60 years, does not totally replace soil fertilization on crops with large leaf area, but may improve the uptake
and the efficiency of the nutrients applied to the soil [8]. Foliar fertilization of Fe is increasingly adopted in order to

Chem Sci Rev Lett 2018, 7(27), 768-773

Article CS152049061

768

ISSN 2278-6783

Chemical Science Review and Letters

alleviate micro- and macro-nutrient deficiency, but the resulting changes in the distribution of other nutrients may
have significant adverse effects on plant growth and yield.
So, the present study was conducted to study the effect of N levels, Zn application methods and foliar application
of Fe on N, P, K content in grain and straw and their uptake by the rice crop.

Material and Methods
The present study was conducted to study the effect of N, Zn and Fe application on nutrient content in grain and straw
and their uptake in parmal rice crop. To fulfill this objective, an experiment was conducted at student’s research farm,
Department of Agronomy, PAU, Ludhiana for two consecutive years (during kharif season 2013 and 2014). The
physico-chemical properties of the experimental soil are depicted in Table 1.
Table 1 Physico-chemical properties of soil before the start of experiment
Parameters
Value
Sand (%)
75.5
Silt (%)
14.3
Clay (%)
10.2
Texture
Loamy sand
pH (1:2)
7.3
-1
EC (dSm )
0.25
Organic carbon (%)
0.61
Available N (kg ha-1) 332
Available P (kg ha-1) 53.2
Available K (kg ha-1) 120
The soil of the experimental field was loamy sand in texture, pH 7.3, EC 0.25 dSm-1. The soil was medium in
organic carbon (0.61%), available N (332 kg ha-1), available P (53.2 kg ha-1) and but low in available K (120 kg ha-1)
Table 1. The experiment was laid out in split-split plot design with three levels of nitrogen in main plot (N1: 75% of
RDN, N2: 100% of RDN, N3: 125% of RDN) in 3 split doses (the recommended dose of N was 125 kg N ha -1), 4 Zn
application treatments in sub plot (Zn1: No Zn, Zn2: soil Zn @ 50 kg ZnSO4 ha-1, Zn3: foliar Zn @ 0.5% and Zn4: soil
Zn @ 50 kg ZnSO4 ha-1 + foliar Zn @ 0.5%) and 2 Fe treatments (Fe1: No Fe and Fe2: foliar FeSO4 @ 0.5%). Foliar
sprays of Zn and Fe @ 0.5% were applied at anthesis and milking stages of the crop. Soil Zn was applied at the time
of transplanting. For soil and foliar application of Zn, the ZnSO4.7H2O was used.
Representative samples of grain and straw from each net plot were taken and analyzed for N, P and K contents. N
was estimated in a Microkjeldhal unit as described by [2], P by Vanado molybdate method [7] and K by Flame
Photometric method. The nutrient uptake was calculated by % of minerals content × yield (kg ha -1) divided by 100.
Standard statistical technique as described by [5] adopted for statistical analysis of data recorded and the comparison
were made at 5 per cent level of significance.

Results and Discussion
Effect on N, Zn and Fe on N, P and K content in grain and straw
N content in grain
Data regarding the effect of N, Zn and Fe on N content (%) is presented in Table 2. Data revealed that at various
levels of nitrogen, the N content in treatment N3: 125% of RDN (1.46 per cent) and N2: 100% of RDN (1.40 per cent)
were statistically at par with each other and which were significantly higher as compared to N 1: 75% of RDN (1.12
per cent) during the study. This might be due to increased availability of nitrogen with increased amount of N
application resulted in higher uptake of nitrogen by plant and translocation to grain. These results confirm the findings
of [10].
Among Zn application treatments, N content (%) was significantly higher in treatment Zn4: Soil Zn @50kg
ZnSO4 ha-1 + foliar Zn @ 0.5% (1.48 per cent) which was statistically at par with Zn 2: Soil Zn @50kg ZnSO4 ha-1
(1.48 per cent) but were significantly higher than Zn3: foliar Zn @ 0.5% (1.19 per cent) and Zn1: No Zn (1.18 per
cent) which were statistically at par with each other. This might be attributed to synergistic effect of N and Zn while
Zn application resulted in more Zn availability which play important role in synthesis of lipid and protein production
resulted in more formation of vegetative plant material that ultimately increased N content in grain. The present
results are in line with the findings of [15] and [3].
In the treatments of Fe application, the effect of Fe was found to be non-significant on N content during the study.
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Table 2 Effect of N levels, Zn and Fe application on N, P and K content in grain and straw of parmal rice (Two years’
pooled data)
Treatments
N (%)
P (%)
K (%)
Grain Straw Grain Straw Grain Straw
Nitrogen levels
N1-75% of RDN
1.12
0.51
0.62
0.19
0.24
1.18
N2-100% of RDN
1.40
0.79
0.64
0.20
0.31
1.29
N3-125% of RDN
1.46
0.85
0.66
0.20
0.34
1.32
C.D at 5 %
0.11
0.08
NS
NS
0.05
0.04
Zinc application methods
Zn1- No Zn
1.18
0.57
0.62
0.20
0.24
1.20
Zn2- Soil Zn @50kg ZnSO4 ha-1
1.48
0.82
0.65
0.20
0.34
1.30
Zn3- Foliar Zn @ 0.5%
1.19
0.63
0.63
0.19
0.25
1.21
Zn4- Soil Zn @50kg ZnSO4 ha-1 + Foliar Zn @ 0.5% 1.48
0.87
0.65
0.20
0.36
1.32
C.D at 5%
0.27
0.12
NS
NS
0.04
0.03
Iron
Fe1- No Fe
1.32
0.71
0.63
0.19
0.29
1.25
Fe2- Foliar Fe @ 0.5%
1.33
0.72
0.64
0.19
0.30
1.26
C.D at 5%
NS
NS
NS
NS
NS
NS
Interaction (C.D at 5%)
N x Zn
NS
NS
NS
NS
NS
NS
N x Fe
NS
NS
NS
NS
NS
NS
Zn x Fe
NS
NS
NS
NS
NS
NS
N x Zn x Fe
NS
NS
NS
NS
NS
NS
N content in straw
The perusal of data on nitrogen content (%) in straw as presented in Table 2. N content in treatments N3: 125% of
RDN (0.85 per cent) and N2: 100% of RDN (0.79 per cent) were statistically at par with each other and which were
significantly higher than N1: 75% of RDN (0.51 per cent). These results confirm the findings of [10].
With respect to Zn application treatments, Zn4: Soil Zn @50kg ZnSO4 ha-1 + Foliar Zn @ 0.5% (0.87 per cent)
was statistically at par with Zn2: Soil Zn @50kg ZnSO4 ha-1 (0.82 per cent) but significantly higher than Zn3: foliar Zn
@ 0.5% (0.63 per cent) and Zn1: No Zn (0.57 per cent) which were statistically at par with each other during both the
years of study. The present results are in agreement with the findings of [15] and [3].
With respect to Fe application, effect of Fe was found to be non-significant on N content during the study.
P content in grain
The scrutiny of data as presented in Table 2 revealed that phosphorus content (%) in grain was not significantly
affected by nitrogen, zinc and iron application methods during the study.
P content in straw
The data regarding P content (%) in straw is presented in Table 2 revealed that application of nitrogen, zinc and iron
had no significant effect on phosphorus content in straw during the study.
K content in grain
The data in respect to potassium content (%) in grain is presented in Table 2. At different levels of nitrogen
application, the treatment N3: 125% of RDN (0.34 per cent) was significantly higher than N1: 75% of RDN (0.24 per
cent) but was statistically at par with N2: 100% of RDN (0.31 per cent). This might be due to more availability of
nitrogen in soil due to increased level of nitrogen resulted in more absorption of nitrogen from the soil which induced
increase in cell number and volume, and the consequent changes in cell water, requires a corresponding increase in
the uptake of potassium to maintain the osmotic concentrations of leaf tissues to maintain turgor so much of the total
N and K required by crops is therefore taken up to sustain development and expansion of the leaf canopy during the
early months of growth and later in sink part. Similar results earlier reported by [15] and [3].
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Among Zn application treatments, K content was significantly higher in treatment Zn 4: Soil Zn @50kg ZnSO4
ha-1 + foliar Zn @ 0.5% (0.36 per cent) which was statistically at par with Zn 2: Soil Zn @50kg ZnSO4 ha-1 (0.34 per
cent) but was significantly higher than Zn3: foliar Zn @ 0.5% (0.25 per cent) and Zn1: No Zn (0.24 per cent) which
were statistically at par with each other during the study. This might be due to synergetic interaction between Zn and
K, application of Zn through soil plus foliar increased the availability of K in soil solution and in plant which was
absorbed by the roots and translocated from root to shoot and finally to the sink part and Zn sufficiency is associated
with marked increases in K efflux from roots and shoots into growth medium. These results are in line with the
findings of [9].
In Fe application treatment, effect of iron was found to be non-significant during the study.
K content in straw
The data on potassium content in straw is presented in Table 2. At different levels of nitrogen, the treatments N3:
125% of RDN (1.32 per cent) was significantly higher than N1: 75% of RDN (1.18 per cent) and N3: 125% of RDN
(1.32 per cent) was statistically at par with N2: 100% of RDN (1.29 per cent). Similar results were reported by [15]
and [3].
Among Zn application treatments, K content was significantly higher in treatment Zn 4: Soil Zn @50kg ZnSO4
ha-1 + foliar Zn @ 0.5% (1.32 per cent) was statistically at par with Zn 2: Soil Zn @50kg ZnSO4 ha-1 (1.30 per cent)
which were significantly higher than Zn3: foliar Zn @ 0.5% (1.21 per cent) and Zn1: No Zn (1.20 per cent) which
were statistically at par with each other. These results are in line with the findings of [9].
With respect to Fe application, effect of Fe was found to be non-significant on N content during the study.
Effect of N, Zn and Fe application on total N, P and K uptake by rice crop
N uptake
Nitrogen levels had significant effect on uptake of nitrogen Table 3. At different levels of nitrogen, treatment N3:
125% of RDN (200.73 kg ha-1) recorded significantly higher N uptake as compared to N2: 100% of RDN (182.83 kg
ha-1) which was also significantly higher than N1: 75% of RDN (124.75 kg ha-1). These results are in line with the
findings of [11] and [12].
Table 3 Effect of N levels, Zn and Fe application on total N, P and K uptake (kg ha-1) by parmal rice crop (Two
years’ pooled data)
Treatments
Total N uptake Total P uptake Total K uptake
(kg ha-1)
(kg ha-1)
(kg ha-1)
Nitrogen levels
N1-75% of RDN
N2-100% of RDN
N3-125% of RDN
C.D at 5 %
Zinc application methods
Zn1- No Zn
Zn2- Soil Zn @50kg ZnSO4 ha-1
Zn3- Foliar Zn @ 0.5%
Zn4- Soil Zn @50kg ZnSO4 ha-1 + Foliar Zn @ 0.5%
C.D at 5%
Iron
Fe1- No Fe
Fe2- Foliar Fe @ 0.5%
C.D at 5%
Interaction (C.D at 5%)
N x Zn
N x Fe
Zn x Fe
N x Zn x Fe
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124.75
182.83
200.73
12.61

60.39
64.76
68.75
4.10

130.83
157.56
167.08
9.99

135.58
193.35
142.85
205.97
10.70

61.05
66.60
61.88
69.01
4.50

134.90
163.57
138.89
169.96
9.91

166.97
171.90
NS

64.08
65.20
NS

150.43
153.23
NS

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS
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Among Zn application methods, significantly higher uptake was recorded in treatment Zn4: Soil Zn @50kg
ZnSO4 ha-1 + foliar Zn @ 0.5% (205.97 kg ha-1) followed by Zn2: Soil Zn @50kg ZnSO4 ha-1 (193.35 kg ha-1) which
were significantly higher than Zn3: foliar Zn @ 0.5% (142.85 kg ha-1) and Zn1: No Zn (135.58 kg ha-1) which were
statistically at par with each other. The present findings support the results of [1].
Iron application through foliar sprays had no significant effect on N uptake by rice crop.
P uptake
Data regarding P uptake is presented in (Table 3), which revealed that treatment N3: 125% of RDN (68.75 kg ha-1)
and N2: 100% of RDN (64.76 kg ha-1) were statistically at par with each other and were significantly higher than N1:
75% of RDN (60.39 kg ha-1) during the study. These results are in accordance with the findings of [4].
Among Zn application treatments, P uptake was significantly higher in treatment Zn 4: Soil Zn @50kg ZnSO4 ha-1
+ foliar Zn @ 0.5% (69.01 kg ha-1) which was statistically at par with Zn2: Soil Zn @50kg ZnSO4 ha-1 (66.60 kg ha-1)
and which were significantly higher than Zn3: foliar Zn @ 0.5% (61.88 kg ha-1) and Zn1: No Zn (61.05 kg ha-1) which
were also statistically at par with each other.
With respect to Fe application, effect of Fe was found to be non-significant on P uptake during the study.
K uptake
The results indicated Table 3 that at different levels of nitrogen, N3: 125% of RDN (167.08 kg ha-1) recorded
significantly higher K uptake as compared to N2: 100% of RDN (157.56 kg ha-1) and N1: 75% of RDN (130.83 kg
ha-1). Similar results were reported earlier by [14].
With respect to Zn application methods, in Table 3, data indicated that Zn4: Soil Zn @ 50kg ZnSO4 ha-1 + foliar
Zn @ 0.5% (169.96 kg ha-1) and Zn2: Soil Zn @ 50kg ZnSO4 ha-1 (163.57 kg ha-1) were statistically at par with each
other and significantly higher than Zn3: foliar Zn @ 0.5% (138.89 kg ha-1) and Zn1: No Zn (134.90 kg ha-1) which
were also statistically at par with each other.
The effect of Fe application on K uptake was found to be non-significant.

Conclusion
Based on the above results, it may be concluded that N3: 125% of RDN level of nitrogen significantly increased the N
and K content in both grain and straw but no significant effect on P content. Similarly, Soil + foliar application of Zn
also increased the N and K content in grain and straw but no effect on P. Foliar application of Fe had no effect on N,
P and K content both in grain and straw during the study. With respect to total N, P and K uptake by rice crop, N 3:
125% of RDN level of nitrogen and soil + foliar applied Zn significantly increased the uptake of N, P and K with
respect to low level of nitrogen, soil Zn and foliar Zn alone.

References
[1] Ashoka, Mudalagiriyappa, P. and Desai, B.K. 2008. Effect of micronutrients with or without organic manures
on yield of baby corn-chickpea sequence. Kar. J. Agric. Sci. 21(4): 485-487.
[2] Bremner, J.M. 1965. Total nitrogen and inorganic forms of nitrogen. In: Methods of Soil Analysis. Ed. Black C
A. American Society of Agronomy, Madison, Wisconsin, 2: 1149-1237.
[3] Chandrapala, A.G., Yakadri, M., Kumar, R.M. and Raj, G.B. 2010. Establishment: Zn and S application in rice.
Indian J. Agron. 55(3): 171-176.
[4] Choubey, N.K. and Chopra, N. 2000. Effect of row spacing and nitrogen level on growth yield and seed quality
of scented rice under transplanted conditions. Indian J. Agron. 45(2): 304-308.
[5] Cochran, W.G. and Cox, G.M. 1967. Experimental Designs. Asia Publishing House New Delhi.
[6] Grotz, N. and Guerinot, M.L. 2006. Molecular aspects of Cu, Fe and Zn homeostasis in plants. Biochem.
Biophys. Acta. 17(63): 595–608.
[7] Jackson, M.L. 1967. Soil Chemical Analysis. Prentice-Hall, Private Limited, New Delhi. pp. 38-56.
[8] Kannan, S. 2010. Foliar Fertilization for Sustainable Crop Production. In: E. Lichtfouse (ed). Genetic
Engineering, Biofertilization, Soil Quality and Organic Farming. Sustainable Agriculture Reviews 4. Springer
Verlag, Springer, pp: 371-402.
[9] Keram, K.S., Sharma, B.L., Sharma, G.D. and Thakur, R.K. 2013. Impact of zinc application on its
translocation into various plant parts of wheat and its effect on chemical composition and quality of grain.
Scientific Res. Essays 8(45): 2218-2226.
Chem Sci Rev Lett 2018, 7(27), 768-773

Article CS152049061

772

ISSN 2278-6783

Chemical Science Review and Letters

[10] Leesawatong, M., Jamjod, S., Rerkosem, B., Kuo, J. and Dell, B. 2004. Nitrogen fertilizer increases protein and
reduces breakage of rice cultivar Chounat. Int. Rice Res. Notes. 29: 67-68.
[11] Mahajan, G., Chauhan, B.S. and Gill, M.S. 2011. Optimal nitrogen fertilization timing and rate in dry-seeded
rice in north-west India. Agron. J. 103: 1676-1682.
[12] Meena, S.L., Singh, S. and Shivay, Y.S. 2002. Response of hybrids rice to nitrogen and potassium application.
Indian J. Agron. 47(2): 207-211.
[13] Shkoinik, J. 1984. Zinc uptake by rice as affected by metabolic inhibitors and competing cations. Plant Soil.
51(1): 637–646.
[14] Singh, Y., Gupta, R.K., Singh, B. and Gupta, S. 2007. Efficient management of fertilizer nitrogen in wet directseeded rice (Oryza sativa L.) in North West India. Indian J. Agric. Sci. 77: 561-564.
[15] Srivastava, V.K., Kumar, V., Singh, S.P., Singh, R.N. and Ram, U.S. 2008. Effect of various fertility levels and
organic manures on yield and nutrient uptake of hybrid rice and its residual effect on wheat. Environ. Ecol.
26(4): 1477-1480.
[16] Wang, Y.H., Xue, Y.B. and Li, J.Y. 2005. Towards molecular breeding and improvement of rice in China.
Trends Plant Sci. 10: 610-614.
© 2018, by the Authors. The articles published from this journal are distributed to
the public under “Creative Commons Attribution License” (http://creative
commons.org/licenses/by/3.0/). Therefore, upon proper citation of the original
work, all the articles can be used without any restriction or can be distributed in
any medium in any form.

Chem Sci Rev Lett 2018, 7(27), 768-773

Publication History
Received 15th June 2018
Revised
04th July 2018
Accepted 08th July 2018
Online
30th July 2018

Article CS152049061

773

