
On
lin

e C
op

y

Journal of Environmental Biology, Vol. , 973-977, September 201637© Triveni Enterprises, Lucknow (India)

Introduction

Rice is a major food staple for over 3 billion people,
representing major carbohydrate and even protein source not
only in SE Asia, but also in some parts of the Africa (Welch
and Graham, 2004).The projection of India's rice production
target for 2025 AD is 140 million tonnes, which can only be
achieved by increasing the production per year by 2.0 million
tonnes in the coming decades. Not only production but quality
of rice has become a burning issue now a days. The estimates
showed that more than 30% of the cultivable soils are globally
affected by Zn deficiency (Alloway, 2008) and in India, 48%
of soil are facing same problem (Singh, 2009). Alkaline
reaction, low organic matter, high calcium carbonate, low soil
moisture and course texture soil creates favourable condition

of Zn limitation in the soil (Malik ., 2008). Micronutrient
deficiencies occur in both crops and humans (Welch and
Graham, 2004). Low intake of Zn through diet is a major
reason for Zn deficiency (Cakmak, 2009).However,
enrichment of widely applied fertilizer with Zn would be an
important strategy for enrichment of food grown as well as
increased crop production (Roy ., 2014). Although, the
major emphasis is on protein malnutrition but WHO (2002)
data shows that deficiency of micronutrients is more severe
and affects 1/3 of the world population (Hotz and Brown,
2004). Deficiencies of iron and zinc result in impaired mental
development, anaemia, reduced immunity, poor appetite .
Increasing Fe and Zn concentration in staple foods, such as
rice could solve Fe and Zn deficiencies. These micronutrients
are required in trace amount but their adequate supply
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A field trial comprising of 3 levels of Zn-0, 5 and 10 kg ha , 3 levels of Fe-0, 15 and 30 kg ha and 3
levels of Mn-0, 5 and 10 kg ha was carried out during the two consecutive rainy seasons of 2008
and 2009 to study their effect on growth, yield and quality of aromatic rice cv. HUBR 2-1. The
experiment was conducted in 3 partial confounding with three replications. All the micronutrients
(Zn, Fe and Mn) were applied as basal and rest half doses were applied through foliar application at
different intervals of crop growth. Application of 10 kg Zn ha recorded significantly higher
growth attributes i.e. plant height, tiller hill , dry weight and leaf area index (LAI) as compared to
preceding doses. Significant increase in growth attributes was also observed with the application
of 15 kg Fe ha , but it was statistically similar to 30 kg Fe ha . Similarly, incorporation of 5 kg Mn
ha significantly increased the growth attributes of rice but further increase in Mn levels decreased
the response. Application of 10 kg Zn ha (51.33 q ha ) and 15 kg Fe ha (51.09 q ha ) resulted in
significantly higher grain yield over control. Whereas, application of 5 kg Mn ha produced the
highest grain yield (49.91 q ha ), but was at par with 10 kg Mn ha (49.18 q ha ).In respect of
quality traits, application of 10 kg Zn ha and 15 kg Fe ha recorded maximum values of hulling,
milling, head rice recovery, kernel length and breadth, which remained significantly superior to
rest of the doses. Hence, to achieve the maximum productivity, profitability, as well as, quality of
aromatic rice cv. HUBR 2-1 was grown with application of 10 kg Zn and 15 kg Fe along with 5 kg
Mn ha .
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improves the nutrient availability and positively affects cell
physiology that reflects in yield (Hao ., 2007).

Biotechnology and conventional plant breeding
shows efficiency of micronutrient enrichment of grain with
Zn, but these approaches are long term process, costly and
may be affected due to low chemical solubility of zinc in soil
due to high pH and poor organic matter content (Catlett .,
2002). Agriculture can be used as an important tool to
alleviate the micronutrient malnutrition globally to achieve
the new paradigm. In this respect, agronomic approaches
such as forti-fertilization through soil and foliar is the key
input of nutrient management and also to enhance the rice
yield, as well as quality. Alternatively, sowing of Zn enriched
seed together with foliar application of Zn is an effective way
to improve both yield and grain zinc concentration (Roy

., 2014).Foliar application of Zn @ 0.5% in wheat
increased zinc intake in grain from 17.3 to 38.8% over control
(Dhaliwal ., 2009). Further studies reveal that rice
seedlings treated with 1% ZnO suspension or spraying on
leaves with ZnSO (10 kg of Zn ha ) or application of ZnSO
@ 50-100 kg ha to soil helps to improve the Zn deficiency
and increase rice yield (Mahapatra ., 2012).

Fe deficiency is the most difficult and expensive to
correct under the field condition because soil application of
inorganic Fe-salt are often ineffective to manage it. Foliar
application of Fe had an edge over soil application (Zuo and
Zhang, 2011). In general, the farmers only apply
micronutrient when crops show deficiency symptoms, while
micronutrient deficiencies decrease yield before symptom
appears. Increasing demand of aromatic rice for export
purposes call for enhance the productivity without sacrificing
the quality. Among the different applied plant nutrients, Zn,
Fe and Mn play an important role in plant metabolism,
particularly in processes of different enzymes and
photosynthesis. It plays a key role in enhancing productivity
and quality of aromatic rice. Enrichment of cereal grains with
micronutrient is a high priority area of research and will
contribute to minimizing the micronutrient deficiency-related
health problem in humans (Prasad 2013).However,
foliar feeding is relatively new and controversial technique of
feeding plant by applying liquid fertilizer directly to their
leaves (Mahdi 2011). Ferti-fortification, which involves
fertilising crops with micronutrient gives immediate results
by increasing the concentration of micronutrient in plant with
increase in yield. Foliar feeding results in rapid absorption
and is less costly. Thus; there is a need to find out the optimum
doses of Zn, Fe and Mn application for enhancing the
productivity, profitability and quality of aromatic rice.
Keeping these facts in view, the present study effect of zinc,
iron and manganese levels on growth, yield and quality of
aromatic rice was undertaken under the irrigated condition of
Eastern Uttar Pradesh.
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Materials and Methods

Field experiment was conducted during the
season of 2008 and 2009 at Agricultural Research Farm,
Institute of Agricultural Sciences, Banaras Hindu University,
Varanasi under irrigated ecosystem of Eastern Uttar Pradesh.
Soil of the experimental site was sandy clay loam in texture
having pH 7.2, organic carbon 0.43%, available N-197.02 kg
ha , P O -23.41 kg ha and K O-210.2 kg ha . The treatments
comprised of 3 levels of Zn-0, 5 and 10 kg ha , 3 levels of Fe-0,
15 and 30 kg ha and 3 levels of Mn-0, 5 and 10 kg ha ,
respectively. The experiment was replicated thrice and laid out
in 3 partial confounding design. The source of micronutrient
Zn, Fe and Mn was ZnSO .7H O, FeSO .7H O and
MnSO .4H O, respectively and were applied half as basal and
half as foliar spray. In addition to this, a uniform dose of
fertilizer i.e., 120 kg N, 60 kg P O , 60 kg K O ha was applied
as urea, DAP and MOP, respectively. Half of total nitrogen
and full dose of P O and K O were applied as basal while
remaining half dose of N was top dressed in two equal split at
active tillering and panicle initiation stages. Experimental
field was puddle thoroughly and 4 weeks old seedlings of
aromatic rice cv. HUBR 2-1 was transplanted @ 3/4 seedling
per hill at a spacing of 20 cm×10 cm. All the growth attributes
such as plant height, number of tiller hill , fresh weight, dry
weight, leaf area hill and leaf area index (LAI) were recorded
at 60 DAT from the randomly selected five hills in each plot.
Crop samples were oven dried at 70°C for 72 hrs to get the dry
matter yield. Crop was harvested manually with the help of
sickle when grains almost matured and straw had turned
yellow and data on grain and straw yield were recorded
separately. The cost of cultivation and returns were calculated
by taking into account the prevailing cost of inputs and prices
of output. Further, leaf area was computed on the basis of
following formula (Gomez, 1972). Leaf area = K x L x W,
whereas K adjustment factor, L length and W width. The value
of K was 0.75 for stage up to 60 DAT. The leaf area index
(LAI) was computed by dividing leaf area obtained per hill
with ground area occupied per hill.

100 g sample of unhusked
rice from each plot was subjected to dehusking in SATAKE
dehusker. The dehusked caryopsis was weighed and
percentage was determined. Similarly, dehusked kernels
were then put into Kett T-2 polisher and time of the polisher
was adjusted in such a way that per cent polishing should be
5%.Total polished kernels were weighed and then milling
percent was calculated.

Polished kernels were then
passed through rice grader having 5 mm grooves to separate
the whole grains from broken ones in order to quantify the
head rice recovery. If the grain was broken in two parts, then
one-half of grain was counted as one full grain. The
percentage of head rice recovery was calculated.
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The field data obtained for 2 years were pooled and
statistically analysed by F-test. Significant difference between
treatments means were compared with critical differences at
probability of 5% level (Gomez and Gomez, 1984).

All the growth attributes were significantly affected by
various treatments at 60 DAT during the study period (Table
1). Application of 10 kg Zn ha recorded significantly higher
growth attributes i.e., plant height (82.72 cm), number of tiller
hill (12.44), leaf area hill (1492.11 cm ), leaf area index
(7.46), fresh weight hill (40.45 g), dry weight hill (12.22 g)
as compared to the preceding doses. Application of 10 kg Zn
ha recorded 13.36 and 22.57% higher dry weight hill than 5
kg Zn ha and control, respectively. This might be due to zinc
have a stimulating effect to increase the growth attributes i.e.,
number of productive tillers, dry matter production and LAI.
Further, the profound increase in these growth characters was
probably due to action of Zn in auxin metabolism, which led to
higher hormonal activity at critical crop growth stages
(Ghatak 2005 and Slaton 2005).

Significant increase in growth attributes . plant height
(82.53 cm), number of tiller hill (12.31), leaf area hill
(1471.05 cm ), leaf area index (6.36), fresh weight hill (40.28
g), dry weight hill (11.96 g) were observed with application of
15 kg Fe ha but it was statistically similar to 30 kg Fe ha
(Table 1). Application of 15 kg Mn ha recorded 16.34% higher
dry weight hill than control. This might be due to Fe is
indispensable for chlorophyll synthesis and involved in the
formation of pyrrole ring, which is a structural component of
chlorophyll. These findings are in close agreement with Sandhu
and Bansal (2001) who had observed that there was a significant

Results and Discussion
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increase in dry matter production with 10 mg Fe applied kg
soil. Similarly, application of 5 kg Mn ha significantly
increased all the growth attributes of rice but further increased in
levels of Mn applied to the crop did not touch the levels of
significance (Table 1). Complimentary use of Zn, Fe and Mn
augmented the individual efficiency to maintain a higher level
of growth attributes of rice (Qin 2010). Shalini
(2011) obtained higher leaf area of Mn-efficient genotypes,
which resulted in higher accumulation of dry matter.

Application of 10 kg Zn ha and 15 kg Fe ha (Table
2) registered the maximum values of quality traits i.e., hulling
(77.44 and 77.37%), milling (63.91 and 63.75%), head rice
recovery 66.03 and 66.19%), kernel length (6.28 and 6.24
mm) and breadth (1.67 mm), which remained significantly
superior to rest of the doses. Jat (2011) observed that
cooking quality of rice could be significantly improved with
application of Zn-enriched urea. Similar trend was followed
in case of Mn level, where application of 5 kg Mn ha
recorded significantly higher hulling (77.27%), milling
(63.47%), head rice recovery (65.42%), kernel length (6.24
mm) and breadth (1.66 mm), and beyond these levels, trend
was declined markedly. Singh (2005) found that
application of Mn significantly enhanced the bran content
and yield of rice over the control.

With respect to the nutrient content, application of 10
kg Zn ha recorded the maximum Zn (26.55 mg kg ), Fe
(249.33 mg kg ), and Mn content (66.41 mg kg ) in grain,
which remained significantly superior to the other doses
(Table 2). Application of 15 kg Fe ha resulted in higher
content of Zn (25.90 mg kg ), Fe (255.68 mg kg ), and Mn
(69.86 mg kg ) in grain. Significant improvement in zinc
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Table 1 :

Treatment Plant Tiller hill Leaf area Leaf area Fresh Dry weight Grain Gross Net Return B: C

height (No.) hill (cm ) index weight hill (g) yield Return (Rs. ha ) ratio

(cm) hill (g) (q ha ) (Rs.ha )

Zn levels (kg ha )

Fe levels (kg ha )

Mn levels (kg ha )

Effect of levels of zinc, iron and manganese application on growth attributes of aromatic rice cv. HUBR 2-1 at 60 DAT

Control 79.09 11.13 1171.98 5.86 32.74 9.97 45.81 51467 27773 1.17
5 79.26 11.36 1249.42 6.25 35.56 10.78 49.72 55350 31040 1.28
10 82.72 12.44 1492.11 7.46 40.45 12.22 51.33 57229 32409 1.32
CD (P=0.05) 1.07 0.42 96.65 0.48 4.99 0.56 0.99 864 1030 0.04

Control 78.63 11.29 1170.51 5.85 33.48 10.28 47.04 52626 29796 1.30
15 82.53 12.31 1471.05 7.36 40.28 11.96 51.09 57084 32754 1.34
30 79.91 11.33 1271.96 6.36 34.99 10.73 48.73 54335 28671 1.12
CD (P=0.05) 1.07 0.42 96.65 0.48 4.99 0.56 0.99 864 1030 0.04

Control 78.96 11.30 1181.85 5.91 33.31 10.30 47.78 53419 29489 1.23
5 81.62 12.16 1402.37 7.01 40.33 11.93 49.91 55803 31639 1.31
10 80.49 11.46 1329.29 6.65 35.10 10.74 49.18 54823 30093 1.22
CD (P=0.05) 1.07 0.42 96.65 0.48 4.99 0.56 0.99 864 1030 0.04
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Table 3 :

Treatments Fe Mn Mean

Control 15 kg Fe 30 kg Fe Control 5 kg Mn 10 kg Mn

Control

5 kg Zn

10 kg Zn

Mean

CD (P=0.05)

Interaction effect of zinc, iron and manganese levels (kg ha ) on grain yield (q ha ) of aromatic rice cv. HUBR 2-1

40.59 48.04 47.89 41.05 48.29 48.08 45.81
47.71 50.64 49.51 48.93 50.22 50.01 49.72
51.60 54.01 47.49 53.34 51.21 49.44 51.33
47.04 51.09 48.73 47.78 49.91 49.18

6.07

-1 -1

Table 2 :

Treatment Hulling (%) Milling (%) HRR (%) KL (mm) KB (mm) Zn (mg kg ) Fe (mg kg ) Mn (mg kg )

Zn levels (kg ha )

Fe levels (kg ha )

Mn levels (kg ha )

Effect of levels of zinc, iron and manganese application on quality traits of aromatic rice cv. HUBR 2-1

Control 75.58 61.92 63.14 5.94 1.60 22.38 209.66 60.84
5 76.69 62.52 64.03 6.05 1.63 23.48 223.70 65.61
10 77.44 63.91 66.03 6.28 1.67 26.55 249.43 69.41
CD (P=0.05) 1.37 1.09 1.76 0.25 0.06 2.24 26.10 2.39

Control 75.61 62.08 63.30 5.95 1.59 22.94 211.11 60.74
15 77.37 63.75 66.19 6.24 1.67 25.90 255.68 69.86
30 76.73 62.52 63.69 6.08 1.64 23.58 216.00 65.26
CD (P=0.05) 1.37 1.09 1.76 0.25 0.06 2.24 26.10 2.39

Control 75.69 62.08 63.42 5.94 1.59 22.97 213.90 61.13
5 77.27 63.47 65.42 6.24 1.66 25.42 245.47 68.13
10 76.75 62.79 64.36 6.09 1.64 24.03 223.42 66.61
CD (P=0.05) 1.37 1.09 1.76 0.25 0.06 2.24 26.10 2.39

*HRR= Head rice recovery (%), KL= Kernel length (mm), KB= Kernel breadth (mm)
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intake due to the presence of sufficient amount of soil applied
zinc sulphate was also been reported by Ram .
(2013).Similarly, Jat (2011) also found that application
of 2% Zn-enriched urea (ZnSO .7H O) was best in terms of
Zn concentration in grain and straw of aromatic hybrid rice.
Similar trend was observed in case of Mn level also, where
application of 5 kg Mn ha showed the maximum Zn, Fe and
Mn content in rice grains.

Grain yield of rice increased remarkably with the
micronutrient application (Table 1). Application of 10 kg Zn
ha resulted in significantly higher grain yield (51.33 q ha )
over the control (45.81 q ha ). Application of 10 kg Zn ha
recorded 3.24% and 12.05% higher grain yield over 5 kg
Zn/ha and control, respectively. Linear and significant
increase in grain yield with application of 10 kg Zn ha might
be due to quicker, higher and early supply of enough Zn to
rice during the critical growing period. Further, stimulatory
effect of Zn was recorded on most of the metabolic processes
of plants, which enhanced the translocation of photosynthates
might have influenced the yield (Mandal 2009
Application of 15 kg Fe ha was found the best in producing
the maximum grain yield (51.09 q ha ) followed by 30 kg Fe
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ha (48.73 q ha ) and control (47.04 q ha ). Application of 15
kg Mn ha recorded 4.84 % and 8.61% higher grain yield over
30 kg Mn ha and control, respectively. This might be due to
positive correlation between the grain yield and available soil
Fe and Zn (Seilsepour, 2007). Kausar . (2001) reported
that 4.9 and 6.1% increase in rice yield with application of 5
and 10 mg Zn kg soil, respectively, over the control. Similar
trend was observed in case of Mn level, where application of 5
kg Mn ha produced the highest yield (49.91 q ha ), but it was
statistically at par with 10 kg Mn ha (49.18 q ha ).

Among the applied Zn levels, application of 10 kg Zn
ha produced significantly higher gross return (Rs. 57229 ha ),
net return (Rs. 32409 ha ) and B: C ratio (1.32). Ram .
(2013) also reported that the most economic dose of zinc
sulphate for rice was 25 kg ha . In case of Fe, 15 kg Fe applied
ha recorded significantly higher gross return (Rs. 57084 ha ),
net return (Rs. 32754 ha ) and B: C ratio (1.34). Ram .
(2013) also confirmed that soil application of 0.5 kg Fe ha
improved economics of rice. Similar trend was observed in
case of Mn level also, where application of 5 kg Mn ha gave
significantly higher gross return (Rs. 55803 ha ), net return
(Rs. 31639 ha ) and B: C ratio (1.31). Naik and Das (2008)
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also reported that increased economic values may be ascribed
to higher grain yield leading to higher net return.

Application of micronutrient Mn and Fe was found to
interact significantly with zinc in respect of grain yield (Table
3). Application of 10 kg Zn ha in combination with 15 kg Fe
ha produced the highest grain yield (54.01 q ha ), while
application of 10 kg Zn ha in combination with 5 kg Mn ha
recorded the maximum grain yield (51.21 q ha ).

Thus, it may be concluded that to achieve the
maximum yield with higher monetary return and quality of
aromatic rice cv. HUBR 2-1 be grown with combined
application of 10 kg Zn and 15 kg Fe along with 5 kg Mn ha
under the irrigated ecosystem of Varanasi Uttar Pradesh, India.

The authors acknowledge the Head, Department of
Agronomy for providing the necessary facilities for conducting
the experiment. The first author acknowledge Rajeev Gandhi
Fellowship for providing the financial support through Junior
Research Fellow during the research programme
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