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Genetic studies on hard endosperm and tryptophan content in segregating
QPM families under acidic soil conditions of North Eastern Hill Region
(NEHR) of India
S. B. Mariyappan · Pawan Khati · C. Backiyalakshmi · Devyani Sen

Abstract: The development of Quality Protein Maize
(QPM) with enhanced lysine and tryptophan was a major
breakthrough to mitigate nutritional problems at low costs.
In North East India, where maize is primarily used as animal
feed, successful QPM cultivation adapted to the local soil
conditions would provide a cost effective approach to
increase the production of high quality protein maize in
acidic soils. The present investigation involved phenotypic
and genotypic characterization of sixty QPM full sibs of
F4 generation selected on the basis of light tabling scores
of 2 and 3 and higher seed index in acidic soil conditions
of North East India. The tryptophan content was found to
range from a maximum of 0.094 to a minimum of 0.020
indicating considerable variation. Twenty two full sibs with
tryptophan content in the range of 0.094 to 0.073 could be
identified and were subjected to molecular characterization
using twenty opaque-2 specific and associated SSR markers
along with five additional QPM full sibs and two OPVs of
maize with low tryptophan values as control. Distinct
polymorphism was observed between the normal maize
and majority of the QPM full sibs with respect to gene
specific dominant SSR marker phi112 and codominant SSR
markers phi057, and umc1066. Diversity analysis of allelic
data using Unweighted Neighbour Joining grouped the full
sibs into three clusters. QPM full sibs with high tryptophan
content were grouped into Clusters I and II while QPM
full sibs with low tryptophan content and normal maize

 Devyani Sen: devyani.sen@gmail.com
School of Crop Improvement, College of Post-Graduate Studies in
Agricultural Sciences, Central Agricultural University (Imphal), Umroi
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grouped into Cluster III. The genetic distance based on
dissimilarity matrix ranged from a minimum of 0.10 to a
maximum of 0.47. Based on these studies, QPM families
homozygous for opaque-2 with high tryptophan and hard
endosperm conditioned to acidic soils can be shortlisted
for inbred line development programme.
Keywords: Quality protein maize · Light table selection ·
Tryptophan estimation · opaque-2

Introduction
As a primary cereal crop, the economic importance of
maize in revenue generation stems from its diverse
functionality as food, feed and use as industrial raw material.
Normal maize however with high levels of α-zein protein
is poor in nutritional quality and overdependence on maizebased diet without complementary food sources is not
encouraged. The discovery of maize with enhanced lysine
and tryptophan content due to the presence of recessive
opaque-2 (o2) gene in its homozygous state was therefore
remarkable. Decades of breeding work initiated by
CIMMYT (International Wheat and Maize Improvement
Centre, Mexico) led to the development of Quality Protein
Maize (QPM) by incorporating the homozygous opaque-2
o2 genes along with modifiers for improving endosperm
quality (Vasal, 2000; Vivek et al., 2008; Prasanna et al.,
2001).
Phenotypic screening using the light box method for
kernel opacity, a simplified laboratory protocol for
tryptophan estimation and the use of Simple Sequence
Repeats (SSR) at the DNA level for identifying o2 and o2
modifiers has accelerated the pace of QPM conversion
programs (Babu and Prasanna, 2014) allowing easy detection
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in the newly developed cultivars with high yield potential
(Jompuk et al., 2011). Although these QPM lines have the
distinct advantage over normal maize in terms of stable
endosperm modification and superior protein quality, QPM
cultivation is yet to gain wider acceptance. Of the several
notable issues, one is the availability of hybrids tailored to
suit the region of cultivation with agronomic performance
at par with normal hybrids.
In North Eastern Hill Region (NEHR) of India where
maize is primarily used as livestock feed, soils are
predominantly acidic and it is imperative that for QPM
hybrids to succeed, they should perform to their optimum
capacity under acidic soil conditions. Since, North East
India relies predominantly on animal protein diet, successful
QPM cultivation would provide both health and economic
benefits to the region. The current study focused on
phenotypic and genotypic screening for homozygous o2
families from F4 generation of different parental crosses
for high tryptophan content in order to initiate an inbred
development programme suited to the soils of North East
India.
Materials and methods
Plant material and layout of the experiment

Light tabling screening and Tryptophan estimation
Selection for hard endosperm and tryptophan content
estimation were both done as per Vivek et al. (2008). A
total of six hundred and eighty one full sib cobs harvested
in October 2017 were individually subjected to light table
screening by visually grading the endosperm opacity on a
scale of 2 to 5 (Figure 1). Percentage tryptophan was
estimated based on Hopkins-Cole assay. Each sample was
analyzed in triplicate to ensure accuracy and standard error
was calculated for the same. Simultaneously, a control set
of five different open pollinated varieties (OPVs) were also
estimated for tryptophan content.
Genomic DNA isolation, Polymerase Chain Reaction
(PCR) and Gel electrophoresis

The experimental work was carried out at College of Post
Graduate Studies, Umiam, Meghalaya located at
25 o34’32"N latitude and 91 o52’23"E longitude at an
elevation of 950m above mean sea level. pH readings were
obtained from soil samples collected from different parts
of the experimental field, diluted in distilled water in the
proportion of 1 part soil and 2 parts water and measured at
every 15 days interval. The pH values were found to range
between a maximum of 4.56 and a minimum of 4.27 over
the cropping season. Seeds of F2 derived from four parental
crosses CML 161 X V 341, CML 161 X V 373, V 341 X V

Score 2

373, CML 165 X V 373 of inbred lines obtained from
CIMMYT Centre, India were recycled for two generations
and based on kernel vitreousness and high seed index, a
total of sixty QPM full sibs in the F4 generation were grown
in the current study. Twenty plants per full sib family planted
in a ear to row fashion were studied during Kharif 2017,
with each row comprising of ten plants. Plant to plant
spacing was kept at 20 cm and row to row spacing
maintained at 60 cm. Routine/required packages of practices
and inter-cultivation operations were carried out.

Score 3

DNA isolation from leaves of young and healthy seedlings
was done using the modified CTAB method (Doyle, 1991).
PCR in a thermo cycler was carried out for twenty o2
specific as well as associated SSR markers from
chromosomal bins 1.01, 1.08, 2.07, 3.04, 7.00, 7.01, 7.02
and 9.05 to confirm the identity of the QPM full sibs as
distinct from normal maize genotypes. The PCR amplified
products were resolved in 2% agarose gel, stained with
ethidium bromide and visualized under UV-transilluminator
using a gel documentation imaging system (Alpha Imager)

Score 4

Score 5

Figure 1. Gradation studies of QPM kernels based on kernel opacity following phenotypic screening using light tabling method
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for scoring the amplified products against the standard
ladder.

A flow chart of the selection process is outlined

Data analysis
Calculation for percent tryptophan content was done as
per the methodology outlined by Vivek et al. (2008). The
optical density (OD) of samples was recorded at 560 nm
in a UV-Visual Double Beam Spectrophotometer. Each
sample was analyzed in triplicate to ensure accuracy.
Following calibration and plotting of a standard curve with
absorbance readings at 560 nm the slope of the standard
curve was calculated and the amount of tryptophan in the
samples was estimated using the following formula
% trp= OD (560nm corrected) x Factor, where
OD (560nm corrected) = OD (560nm sample) – OD
(560nm average papain blanks)
Factor = Hydrolysis volume / sample weight x slope of the
standard curve
The values were expressed in percentage.
For the genotypic data, Polymorphic Information
Content (PIC) of each marker as described by Smith et al.
(1997) and percent heterozygosity for the different markers
defined as the ratio of number of observed heterozygous
bands to the total number of bands was calculated. A cluster
diagram using Darwin 6.0.17 based on Unweighted
Neighbor-Joining was also constructed.

Result and discussion
Based on the phenotypic screening, sixty cobs with seed
index ranging from 41.5 to 27.7 g and a light box score of
2/3 indicative of 25 to 50 % kernel opacity were selected
for tryptophan estimation to narrowing down the selection
of genetic material under study to approximately 9% of
total QPM full sib families generated. Seed index served as
a general indicator of seed vigour (Table 1). Tryptophan
content based on Hopkin’s Cole reaction for the sixty

selected QPM cob samples ranged from a minimum of
0.020 to a maximum of 0.094 indicating presence of
considerable variation while that of the control set ranging
from 0.019 to 0.053 % were well below the acceptable
QPM standard of 0.070. As explained in Vivek et al. (2008),
the tryptophan value calculated is the amount of tryptophan
present in the sample under study and not the tryptophan
percentage in the protein wherein a sample with more than
0.070% of tryptophan in whole grain is considered as QPM.
Differential expression for tryptophan content in the
different QPM families is a possible indication of interaction
of different haplotypes of o2 alleles accumulated in the
segregating generations. Pandey et al. (2018) had reported
the presence of five different alleles of the o2 gene in a
panel of forty six QPM inbreds which influenced the
expression of tryptophan content from very high to well
below acceptable standards. Twenty two full sibs (Figure
2) with tryptophan content ranging from 0.073 to 0.094
as opposed to the parental hybrids with mean tryptophan
values ranging from 0.045 to 0.065 in soil conditions where
the mean pH value was 4.5 (unpublished data) from a
previous study, were further studied for molecular

Table 1. Pedigree details of parental hybrids, number and code of full sib families, opacity score and seed index (g) for the sixty full sib families
studied.
S.No.

Parental Cross

Full sib families

Code

generated
1.

CML 161 X V 341

21

UMQ 161x341- 1 to UMQ 161x341-21

Opacity score Seed index (g)
Max

Min

Max

Min

3

2

41.5

28.1

2.

CML 161 X V 373

29

UMQ 161 X V 373- 1 to UMQ 161 X V 373-29

3

2

40.6

28.3

3.

V 341 X V 373

1

UMQ341 X V 373-1

3

-

27.7

-

4.

CML 165 X V 373

9

UMQ165 X V 373-1 to UMQ165 X V 373-9

3

2

33.8

20.4
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Figure 2. Mean values of percentage tryptophan for selected twenty two QPM full sibs compared to normal maize (N1, N2, N3, N4 and N5).
The dashed line indicates acceptable range of 0.07 % tryptophan. Error bars indicate ±Standard Error.

characterization. The lone full sib family UMQ 341x373-1
originating from the parental cross V341 x V373 with
tryptophan value (0.068) lower than 0.07 was excluded
from molecular characterization. As control, five full sibs
with low tryptophan content ranging between 0.005 to 0.05
and two OPVs of maize (local landraces) with tryptophan
values 0.019 and 0.053 were also included.
Distinct polymorphism was observed for the
codominant o2 specific markers phi057 and umc1066 with

a few exceptions (Figure 3), thereby establishing their
identity as distinct from normal maize. For the dominant
SSR marker phi112, no amplification was observed in the
majority of QPM full sibs under study. Absence of
amplification for phi112 in QPM is a purity test for
maintenance QPM lines (Babu and Prasanna, 2014) and
the presence of the amplification in QPM lines when using
phi112 is a possible indication of pollen contamination from
the normal maize (Ignjatovic-Micic et al., 2009) and needs

Table 2. Details of the SSR markers, PIC value, % heterozygosity and number of alleles studied
S.No.

Markers

Associated trait

Bin No.

PIC

%
Heterozygosity

No. of
alleles

1

umc1695

2

bnlg2132

Associated with o2 gene

7

Flanking marker for o2 gene

7

0.51

0.14

2

0.3

0.07

3

3

phi057

4

phi112

o2 specific gene

7.01

o2 specific gene

7.01

0.44

0.18

3

0.5

0.25

2

5

umc1066

o2 specific gene

7.01

0.42

0.28

3

6

umc1929

7

umc1393

Vitreous endosperm associated with 27 kDa γ zein

7.02

0.53

0.45

3

Vitreous endosperm associated with 27 kDa γ zein

7.02

0.46

0.40

2

8
9

umc1036

Flanking marker for 27 kDa γ zein

7.02

0.32

0.16

3

umc1978

Vitreous endosperm associated with 27 kDa γ zein

7.02

0.49

0.19

2

10

bnlg1200

Associated with o2 gene

7.01

0.5

0.17

3

11

bnlg2160

Associated with o2 modifier loci

7.01

0.38

0.00

3

12

phi034

Associated with o2 modifier loci

7.02

0.5

0.00

3

13

umc1831

Associated with o2 modifier loci

7.02

0.19

0.00

3

14

umc1016

Vitreous endosperm associated with 27 kDa γ zein

7.02

0.62

0.44

3

15

bnlg1164

Flanking with 27 kDa γ zein

7.02

0.48

0.13

2

16

bnlg1179

Modifiers for vitreous endosperm and o2 gene

1.01

0.49

0.10

2

17

bnlg1643

Modifiers for vitreous endosperm and o2 gene

1.08

0.36

0.04

2

18

bnlg1633

Modifiers for vitreous endosperm and o2 gene

2.07

0.48

0.04

2

19

bmc2136

Modifiers for vitreous endosperm and o2 gene

3.04

0.65

0.43

3

20

umc1357

Modifiers for vitreous endosperm and o2 gene

9.05

0.27

0.13

2
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1: UMQ 161x341-3, 2: UMQ 161x341-5; 3: UMQ 161x341-6, 4: UMQ 161x341-11, 5: UMQ 161x341-13, 6: UMQ 161x341-16, 7: UMQ
161x341-20, 8: UMQ 161x373-1, 9: UMQ 161x373-5, 10: UMQ 61x373-10, 11: UMQ 161x373-11, 12: UMQ 161x373-12, 13: UMQ
161x373-16, 14: UMQ 161x373-24, 15: UMQ 161x373-25, 16: UMQ 161x373-26, 17: UMQ 161x373-27, 18: UMQ 161x373-28, 19: UMQ
165x373-3, 20: UMQ 165x373-4, 21: UMQ 165x373-8, 22: UMQ 165x373-9, 23: UMQ 161x341-1, 24: UMQ 161x341-4, 25: UMQ
161x341-12, 26: UMQ 161x341-17, 27:UMQ 161x373-29, 28: OPV, 29:OPV, L: Molecular Ladder
Figure 3. Gel image showing polymorphic patterns for o2 specific SSR markers phi057, umc1066, phi112 associated bnlg2160, phi034,
umc1831 for the twenty seven full sibs and two OPVs studied.
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L1: UMQ 161x341-3, L2: UMQ 161x341-5; L3: UMQ 161x341-6, L4: UMQ 161x341-11, L5: UMQ 161x341-13, L6: UMQ 161x341-16,
L7: UMQ 161x341-20, L8: UMQ 161x373-1, L9: UMQ 161x373-5, L10: UMQ 61x373-10, L11: UMQ 161x373-11, L12: UMQ 161x37312, L13: UMQ 161x373-16, L14: UMQ 161x373-24, L15: UMQ 161x373-25, L16: UMQ 161x373-26, L17: UMQ 161x373-27, L18: UMQ
161x373-28, L19: UMQ 165x373-3, L20: UMQ 165x373-4, L21: UMQ 165x373-8, L22: UMQ 165x373-9, L23: UMQ 161x341-1, L24:
UMQ 161x341-4, L25: UMQ 161x341-12, L26: UMQ 161x341-17, L27:UMQ 161x373-29, L28: OPV, L29: OPV
Figure 4. Cluster diagram based on Unweighted Neighbour Joining depicting genetic relationships among the twenty nine QPM and normal
maize genotypes studied

to be verified in future studies. In case of the remaining
seventeen SSR markers associated with o2 modifiers,
polymorphism was also observed in majority of the QPM
full sibs under study. The number of alleles observed for
the 20 SSR markers varied from 2 to 3. The PIC values of
these 20 SSR markers ranged from as low as 0.19 for
umc1831 to 0.65 for bmc2136 with an average of 0.44
while percent heterozygosity ranged from a minimum of
0.04 to a maximum of 0.45. Complete absence of
heterozygous bands were observed for SSR markers
bnlg2160, phi034, umc1831 which are reported to be
associated with the o2 modifier loci responsible for
conversion of chalky endosperm to hard endosperm,
without altering the protein content (Wu and Messing,
2011). The PIC values and percent heterozygosity of o2
specific gene markers phi057, umc1066 and phi112 were
0.044, 0.50, 0.42 and 0.20, 0.30, 0.30 respectively (Table
2). Cluster analysis based on allelic data grouped these
twenty seven full sibs and two normal maize OPVs into
three distinct clusters. All the QPM full sibs with high
tryptophan content with a single exception grouped into
Clusters I and II. Genotypes which grouped in Cluster III
included full sibs with low tryptophan content and the two
OPVs of normal maize (Figure 4). While Clusters I and II
recorded a mean tryptophan value of 0.084 and 0.078,

Cluster III recorded a mean tryptophan value of 0.014.
The full sib UMQ 161 x 341-20 with the highest tryptophan
value grouped into Cluster II. The genetic distance between
the 29 genotypes studied ranged from a minimum of 0.10
to a maximum of 0.47.

Conclusion
The superior performance of the identified full sibs as
reflected by high tryptophan content despite growing in
predominantly acidic soil conditions can be further exploited
to initiate a breeding programme specifically to combat
acid soil problems of North East India and elsewhere. To
this effect, the top performing full sibs UMQ 161 x 34113, UMQ 165 x 373-8 UMQ 165 x 373-9 from Cluster I
and UMQ 161 x 341-20, UMQ 161 x 373-1, and UMQ
161 x 373-5 from Cluster II originating from hybrids of
crosses CML 161 X V 341, CML 161 X V 373 and CML
165 x V 373 with tryptophan values ranging from 0.090 to
0.094 can be further taken up for line development
programme as the emphasis is to shift towards development
of agronomically superior lines with stable protein content.
The remaining full sibs grouped in Clusters I and II with
average tryptophan values of 0.084 and 0.078 respectively

Maize Journal (April 2019) 8(1): 1-7

and vitreous kernel will also be further tested in diallel
matings to identify superior combinations in predominantly
acidic soil conditions.
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Field screening of maize inbred lines for resistance to stem borers Chilo
partellus (Swinhoe) and Sesamia inferens Walker
P. Lakshmi Soujanya1 · J. C. Sekhar1 · Chikkappa G. Karjagi2 · S. B. Suby2 · N. Sunil1 · K. R. Yathish1 ·
M. L. K. Reddy3 · Jawala Jindal4 · Sujay Rakshit5

Abstract: The present study aimed at identification of new
inbred lines with resistance to maize stem borers. A set of
76 inbred lines were screened against Chilo partellus and
56 against Sesamia inferens during kharif 2017 and rabi
2017-18, respectively under artificial infestation conditions
and evaluated based on the leaf injury rating (LIR)on 1-9
scale. LIR in the test lines due to C. partellus ranged from
2.7 to 9.0 and for S. inferens foliar damage ranged from
2.1 to 9.0. Among the lines screened, one line DMRE63/
CML 287-2-46-9 was found to be resistant to C. partellus
with LIR 2.7 whereas eight lines, viz., BGS-86 (2.17),
CM111/Zea diploperennis/CM111 (2.8), CML141 (2.4),
CML33#-4 (2.4), DML-1432 (3.0), EC619101 (2.5), HEY
Pool-2011-30-4-1-2-2-1 (2.2) and HEY Pool-2011-41-21-1-1-1 (2.3) were found resistant to S. inferens. These
lines can be used in future studies to develop stem borer
resistant cultivars.
Keywords: Artificial infestation · Chilo partellus · Maize
germplasm · Resistance · Screening · Sesamia inferens
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Introduction
Insect pests, the major biotic constraints affect productivity
of maize, which in turn threatens food security. Among
these, spotted stem borer Chilo partellus (Swinhoe) and
pink stem borer Sesamia inferens Walker are the major
pests that attack maize during kharif (rainy) and rabi
(winter) seasons, respectively and cause considerable yield
losses in the range of 25-40% (Khan et al., 1997). They
attack maize crop from seedling till harvesting stage and
feed on all parts of the plant except roots. The first and
second instar larvae feed on leaf whorls which results in
dead hearts formation. Subsequently the larvae tunnels
inside the stem. The severity of insect pest infestation
depends on genotype, weather conditions and management
aspects. Among several insect pest management measures,
chemical control is predominantly being practiced to manage
maize stem borers. The toxic nature of pesticides causes
different environmental and human health hazards. Thus,
keeping in view the negative aspects of chemicals,
alternative management strategies against stem borers are
urgently needed. In this context, host plant resistance (HPR)
based approaches are very promising as these are
sustainable, eco-friendly and an essential component of
integrated pest management (IPM). Identification of
resistant sources is the primary step in developing insect
resistant hybrids. Therefore, the present study was taken
up to identify new sources of resistance to C. partellus
and S. inferens for exploitation in crop improvement.
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Maize genotypes
The experimental material comprised of two separate sets
of 76 (Table 1) and 56 (Table 4) diverse inbred lines which
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were screened against C. partellus and S.inferens,
respectively. In addition it comprises of resistant and
susceptible checks against C. partellus [CM 500 (resistant),
BML 6 and CM 300 (Susceptible)] and S. inferens
[DMRE63 (resistant), BML 6 and CML 451 (susceptible)].
The inbred lines which were selected for the study
comprised of different kernel colour, texture, derived from
diverse pedigree and adopted to varied geographical
conditions.
Mass rearing of maize stem borers
The larvae of C. partellus and S. inferens were collected
from infected maize plants in field at Winter Nursery Centre,
Rajendra Nagar, Hyderabad during rainy (kharif) and winter
(rabi) season of 2017 and 2017-18, respectively to generate
nucleus culture for mass rearing. The C. partellus larvae
were maintained on cut pieces of maize stem (BML 6)
under laboratory conditions in rearing jars till pupation. The
pupae were collected and kept in separate rearing glass
jars till emergence of moths. Subsequently, moths were
transferred to oviposition jars kept at 27±2°C as elaborated
by Siddiqui et al. (1977). The egg laying was examined on
alternate days and portions of butter paper containing the
egg masses were cut and incubated at 27±2°C. The eggs
thus obtained served as a nucleus culture for mass rearing
of C. partellus in the laboratory. The larvae of S. inferens
were allowed to feed initially on immature ears and green
husk kept in rearing jars under laboratory conditions. The
later instars larvae were fed with stem portions of older
maize plants (BML 6). The larvae were transferred to
another clean jar containing fresh food for every 2-3 days,
until all the larvae enter into the pupal stage. The top of
each jar containing larvae and pupae was covered with
muslin cloth and secured with rubber bands. The pupae
collected from each jar were kept separately until the
emergence of moths. After emergence of moths an equal
number of male and female moths were transferred into
wooden ovipositional cages and allowed to lay eggs on
potted ~10 day old maize plants. Three days after release
of moths, the plants were removed and the leaf sheaths
containing egg portion were cut and kept at 27±2 ºC for
incubation. Such collected eggs were used as nucleus
culture for mass rearing of S. inferens.
Planting and artificial infestation
C. partellus
The set of 76 inbred lines was screened against C. partellus
under artificial infestation condition at Winter Nursery

9

Centre, Rajendra Nagar, Hyderabad during kharif 2017.
The lines were sown under augmented design by repeating
resistant and susceptible checks randomly in each block
(4 blocks). The size of each plot was 1 row of 2.5 m
length with 75 cm × 20 cm spacing between row and
plants within row, respectively. The optimum plant
population of 10-12 per plot was maintained by thinning
out extra seedlings before artificially releasing 10 neonate
larvae of C. partellus per plant into the whorl of ten day
old maize seedlings by using a camel hair brush. A total of
12 plants were infested for each inbred.
S. inferens
During rabi 2017-18, the set of 56 maize inbred lines was
screened against S. inferens. The experiment was
undertaken at Winter Nursery Centre, Rajendra Nagar,
Hyderabad. Same methodology as explained above was
adopted to screen against S. inferens. The set of 56 lines
were planted in augmented design with resistant and
susceptible checks in each block randomly. The neonate
larvae of S. inferens were released artificially @ 10/plant
into the whorl of 10 days old seedlings by using a camel
hair brush. A total of 12 plants were infested for each line.
Data collection and statistical analysis
The data of leaf injury rating (LIR) for each inbred line
was recorded visually by scoring LIR on individual plant
at 35-40 days after artificial infestation by following visual
1-9 scale as given by Sarup et al. (1978) for C. partellus
and as Reddy et al. (2003) for S. inferens. The LIR of all
plants within a line was averaged and the data was analysed
through the ICAR-IASRI online analysis portal (http://
www.iasri.res.in/design/SpadWeb/index.html).

Results and discussion
C. partellus
The mean LIR against C. partellus ranged between 2.7 to
9.0 across different inbred lines (Table 1). The mean LIR
range of resistant (CM 500) and susceptible checks (BML6,
CM 300) were 4.0 to 4.8 and 7.0 to 9.0, respectively. Out
of 76 inbred lines screened, five inbred lines namely CML73 (4.8), VQPM9-1-1-1-1 (3.3), HEY Pool -2011-12-1-13-4-1 (4.5), HEY Pool -2011-25-6-1-3-1-1 (4.5) and HEY
Pool -2011-25-6-2-1-5-1 (4.5) had recorded LIR less than
the resistant check CM 500. Based on LIR, the inbred lines
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Table 1. Mean Leaf Injury Rating Scale of inbred lines screened
against Chilo partellus during kharif 2017

S.
No.

Pedigree

Grain Colour/
Texture

S.
No.

Pedigree

Grain Colour/
Texture

39

HEY Pool -2011-15-1-3-2-1-1

Yellow, Flint

9.0

40

HEY Pool -2011-15-3-6-1-3-1

Yellow, Flint

6.0

1

MF1-3-1

Orange, Flint

5.0

41

HEY Pool -2011-15-3-6-2-1-1

Yellow, Flint

9.0

2

MF2-17-6

Orange, Flint

5.5

42

HEY Pool -2011-15-3-6-2-2-1

Yellow, Flint

8.6

3

KDM445B

Orange, Flint

6.0

43

DMRE63/CML 287-2-94-1

Orange, Flint

7.0

4

DMRE63/CML 287-2-46-9

Orange, Flint

2.7

44

PFSR-10116

Orange-dent

7.8

5

KDM829A

Orange, Flint

5.5

45

PFSR-10104

Orange-dent

8.2

6

KDM916A

Orange, Flint

6.4

46

PFSR-10102

Orange-dent

5.2

7

CML-482

White

6.5

47

NAI-175

Yellow semi-dent

8.3

8

CML-425

Yellow, Flint

5.0

48

NAI-147

Yellow dent

7.2

9

CML-363

Yellow, Flint

9.0

49

IC-656142

Yellow flint

7.8

10

CML-306

Yellow, Flint

6.0

50

IC-639445

Yellow flint

5.6

11

CML 292

Yellow, Flint

7.6

51

DMRE63/CML 287-2-103-8

Orange, Flint

6.0

12

CML-224

Yellow, Flint

7.8

52

VH 9-1-2-1-1

Yellow-semiflint

8.6

13

CML-182

White, Dent

7.6

53

VH 9-2-1-1-1

Yellow -semiflint

5.5

14

CML-73

Yellow

4.8

54

VH 9-3-2-1

Yellow -semiflint

8.5

15

CML-50

Orange, Flint

7.6

55

DMRE63/CML 287-2-105-1

Orange Red

6.7

16

CML-43

White, Dent

7.5

56

DMRE63/CML 287-3-15-1

Orange Red

6.0

17

DMRE63/CML 287-2-85-1

Orange, Flint

6.0

57

VQPM9-1-1-1-1

Yellow-flint

3.3

18

V 341

Yellow flint

7.8

58

VQPM9-1-2-1-1

Yellow-flint

7.5

19

CM-212

Yellow semi-dent

8.0

59

VQPM9-2-1-3-1

Yellow-flint

6.0

20

CM-137

Yellow flint

6.6

60

HEY POOL-2011-12-5SC-3-1-1 Yellow, Flint

8.2

21

CM-13

Yellow flint

7.0

61

HEY POOL-2011-12-5SC-3-2-1 Yellow, Flint

5.5

22

HEY Pool-2011-5-2-3-2-1-1

Yellow, Flint

5.4

62

HEY Pool -2011-15-6-1-2-2-1

Yellow, Flint

7.2

23

HEY Pool -2011-5-4-1-1-2-1

Yellow, Flint

5.0

63

HEY Pool -2011-15-6-1-3-3-1

Yellow, Flint

6.2

24

HEY Pool -2011-5-4-1-2-1-1

Yellow, Flint

7.2

64

HEY Pool -2011-15-8-1-1-4-1

Yellow, Flint

7.5

25

DMRE63/CML 287-3-33-6

Yellow, Flint

8.5

65

HEY Pool -2011-19-1-1-1-1-1

Yellow, Flint

8.0

26

HEY Pool -2011-5-4-1-3-2-1

Yellow, Flint

6.5

66

HEY Pool -2011-19-1-1-1-2-1

Yellow, Flint

8.2

27

HEY Pool -2011-5-4-1-3-3-1

Yellow, Flint

6.0

67

HEY Pool -2011-19-1-1-1-3-1

Yellow, Flint

8.4

28

HEY Pool -2011-5-6-1-2-2-1

Yellow, Flint

7.0

68

HEY Pool -2011-19-1-1-2-1-1

Yellow, Flint

9.0

29

HEY Pool -2011-12-1-1-3-3-1

Yellow, Flint

6.0

69

DMRE63/CML 287-3-33-8

Yellow, Flint

8.0

30

HEY Pool -2011-12-1-1-3-4-1

Orange, Flint

4.5

70

HEY Pool -2011-21-2-3-1-1

Yellow, Flint

8.0

31

HEY Pool -2011-12-1-3-1-2-1

Yellow, Flint

5.0

71

HEY Pool -2011-21-2-3-1-1-1

Yellow, Flint

7.0

32

HEY Pool -2011-12-3-3-2-2-1

Yellow, Flint

9.0

72

HEY Pool -2011-21-2-3-3-1-1

Yellow, Flint

7.6

73

HEY Pool -2011-25-6-1-3-1-1

Yellow, Flint

4.5

33

HEY Pool -2011-12-3-3-3-1-1

Yellow, Flint

7.0

74

HEY Pool -2011-25-6-2-1-2-1

Yellow, Flint

7.4

34

HEY Pool -2011-12-3-4-1-1

Yellow, Flint

8.0

75

HEY Pool -2011-25-6-2-1-5-1

Yellow, Flint

4.5

35

HEY Pool -2011-12-3-4-1-2-1

Yellow, Flint

7.5

76

HEY Pool -2011-30-4-1-2-1-1

Orange, Flint

8.3

36

HEY Pool -2011-12-3-4-2-1

Yellow, Flint

6.6

CM 500 (Resistant Check)

Orange, Flint

4.0-4.8

37

HEY Pool -2011-12-3-5-1-1-1

Yellow, Flint

9.0

BML6 (Susceptible Check)

Yellow, Dent

7.0-7.5

38

HEY Pool -2011-12-3-5-2-3-1

Yellow, Flint

7.7

CM 300 (Susceptible Check)

White, Flint

9.00

Mean
LIR

Mean
LIR
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were grouped into resistant, (LIR <3) moderately resistant
(LIR 3-6) and susceptible groups (LIR 6-9). Out of 76
inbred lines, only one line DMRE63/CML 287-2-46-9 (2.7)
was found to be resistant against C. partellus. Among the
remaining lines, 25 were moderately resistant and 50 lines
were susceptible (Table 1). The results of analysis of
variance (ANOVA) of the data showed significant
differences among treatments i.e. inbred lines and checks
and also between checks for both C. partellus (Tables 2a,
2b) and S. inferens (Tables 5a, 5b). The calculated SEd
and CD at 5% and 1% were given to compare different
inbred lines within and between blocks with respect to
host plant reaction to C. partellus (Table 3) and S. inferens
(Table 6) infestation. The significant difference between
resistant and susceptible checks indicates proper imposition
of sufficient insect pressure under artificial infestation.
Several workers screened maize germplasm and
identified resistant sources against stem borers. Chavan et
al. (2007) evaluated 77 maize genotypes belonging to
different maturity, viz., full season maturity (16 entries),
medium maturity (31 entries) and extra early maturity group
(30 entries) under artificial infestation to identify sources
of resistance to stem borer, C. partellus. Afzal et al. (2009)
screened 20 maize hybrids against C. partellus in field by

artificial infestation. They reported DK-6525 as resistant
to C. partellus. The least susceptible genotypes (< 3.0
rating) included Parbhat, BIO-9681, NECH-129,
SEEDTECH-2324 and KMH-22202 (Full season maturity);
HKH-1191, L-166, CM-500 and KMH-22205 (medium
maturity) and JH-31053 and CHH-215 (medium maturity).
Bhandari et al. (2016) screened 44 maize genotypes for
resistance to C. partellus at Rampur during Spring season.
Based on foliar damage rating, tunnel length and number
of exit holes made by C. partellus, genotypes namely RPOP-2, RML-5/RML-8, RampurSO3F8, RampurSO3
FQ02 and RampurS10F18 were found resistant. Kumar et
al. (2017) reported that maize genotypes IIMRQPMH
1608, FQH 106 and IIMRQPMH 1606 as resistant to C.
partellus while the genotypes IIMRQPMH 1604,
IIMRQPMH 1502 and IIMRQPMH 1602 were found
susceptible. Twenty four local maize genotypes were
screened for resistance/ susceptibility against C. partellus
with respect to antixenosis and antibiosis mechanisms. The
results revealed that the genotypes CM 133 and CM 123
were highly resistant with Leaf Damage Score (LDS) of
0.93 and 0.86, respectively (Rasool et al. 2017). Malana et
al. (2019) screened 7 indigenous maize cultivars namely
C2P 132001, FH 948, MMRI yellow, Pearl, Sadaf, Sahiwal

Table 2a. The ANOVA (Treatment Adjusted) of screening of maize inbred lines under artificial infestation against C. partellus
d.f.

Sum of
squares

Mean
Sq

F value

Pr (>F)

significance

2.324e-05

***

Block unadjusted

3

7.727

2.576

Treatment adjusted (germplasm lines)

78

186.358

2.389

58.511

Control (is it susceptible check and resistant check???)

2

39.602

19.801

484.918

2.324e-07

***

Control + control vs. Augmented

76

146.756

1.931

47.290

4.367e-05

***

Table 2b. The ANOVA (BLOCK Adjusted) of screening of maize inbred lines under artificial infestation against C. partellus
Treatment unadjusted

d.f.

Sum of squares

Mean Sq

78

193.662

2.483

F value

Pr (>F)

significance

Block adjusted

3

0.422

0.141

3.4490

0.09198

control

2

39.602

19.801

484.9184

2.324e-07

***

Augmented

75

153.941

2.053

50.2665

3.651e-05

***

Control vs augmented

1

0.120

0.120

2.9306

0.13776

Table 3. Standard error of differences and critical differences (CD)
Std. error Diff.

CD (1%)

CD (5%)

Two Control Treatments

0.14

0.53

0.35

Two Augmented Treatments (Same Block)

0.29

1.06

0.70

Two Augmented Treatments (Different Blocks)

0.33

1.22

0.81

Treatment and Control

0.25

0.92

0.61
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Table 4. Leaf injury rating scale of inbred lines screened against
Sesamia inferens during rabi 2017-18
S.No.

Pedigree

Mean LIR

1

4975

6.5

2

5055

8.3

3

(VL1110240/VL108721)-B-14-1-BB

7.0

4

10#-3

3.2

5

900 M Gold-3-1-1-1-2

6.2

6

Acc.No.524093

8.7

7

BCL401

9.0

8

BGS337

8.20

9

BGS385

4.2

10

BGS-86

2.1

11

BGS-94

3.3

12

Bio 688

8.5

13

Bio9544#-2

7.4

14

Bisco IL

4.2

15

BLS42050-1

4.0

16

BPCL6

3.2

17

CM111/Zeadiploperennis/CM111

2.8

18

CM112

6.0

19

CM132

3.3

20

CM139

6.2

21

CM502

6.6

22

CML141

2.4

23

CML33#-4

2.4

24

CML491ÄÄÄÄ

3.7

25

CP828#-2

4.2

26

DKC7074#-2

6.5

27

DLQ1018-A-1

5.5

28

DML-1027

6.5

29

DML-1112

5.0

30

DML-1132

6.5

31

DML-1432

3.0

32

DML-1441/42

3.7

33

DMRPE6

7.6

34

DMS203

8.6

35

DMS206

7.6

36

E9G(OT)

7.1

37

E9C

5.9

38

EC440415#-4

5.3

39

EC618228#-3

4.6

40

EC618234

4.2

41

EC619005

4.0

42

EC619101

2.5

43

EC630409

4.7

S.No.

Pedigree

Mean LIR

44

EC646016

6.7

45

EC646016

6.7

46

EH2212#

7.6

47

EI 670

6.1

48

EYSyn-A-#-9-B-2-B

5.5

49

EYSyn-B-#-1-B-1-B

6.8

50

EYSyn-B-#-34-B-1-B

7.43

51

EYSyn-B-#-35-B-1-B

7.4

52

HEY Pool -2011-30-4-1-2-2-1

2.2

53

HEY Pool -2011-41-2-1-1-1-1

2.3

54

HEY Pool -2011-41-2-1-1-2-1

3.2

55

HEY Pool -2011-21-2-3-3-1-1

4.3

56

VQPM9-2-1-2-1

5.4

DMRE63 (Resistant Check)

2.1-2.5

BML6 (Susceptible Check)

6.6-7.5

CML 451(Susceptible Check)

7.10

2002 and YH 1899 against C. partellus. The results of the
study revealed that variety C2P-13-2001 showed minimum
dead hearts, less larval population and was found resistant.
S. inferens
The mean Leaf Injury Rating against S. inferens ranged
from 2.1 to 9.0 (Table 4) across the inbred lines. The mean
LIR range of resistant (DMRE 63) and susceptible checks
(BML 6, CML 451) against S. inferens were 2.1 to 2.5 and
6.6 to 7.5, respectively. None of the 56 inbred lines screened
against S. inferens had recorded LIR lower than the resistant
check DMRE 63 (2.14-2.5). Of 56 inbred lines, eight lines
namely BGS-86 (2.17), CM111/Zea diploperennis/CM111
(2.8), CML141 (2.4), CML33#-4 (2.4), DML-1432 (3.0),
EC619101 (2.5), HEY Pool-2011-30-4-1-2-2-1 (2.2) and
HEY Pool-2011-41-2-1-1-1-1 (2.3) were resistant, 23 lines
were moderately resistant, and 25 lines were susceptible
(Table 2). Sekhar et al. (2008) studied the differential
response of CMLs and its hybrid combinations to pink
stem borer. They reported that inbred lines CML 421,
CA03141, CA0106, CA03120, and single crosses CLL429
× CML 474, CML 421 × CML 470 were resistant against
S. inferens.
In another study, Santosh et al. (2012) screened 48
inbred lines against S. inferens under artificial infestation,
eight were resistant to pink borer with leaf injury rating
(LIR) score less than 3.0, while 16 were moderately
resistant and 24 were highly susceptible. Further, in their
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Table 5a. The ANOVA (Treatment Adjusted) of screening of maize inbred lines under artificial infestation against S. inferens
d.f.

Sum of squares

Mean Sq

Block unadjusted

2

3.084

1.542

F value

Pr (>F)

significance

Treatment adjusted

58

262.181

4.520

51.498

0.0007589

***

control

2

48.362

24.181

275.481

5.195e-05

***

Control + control vs. Augmented

56

213.819

3.818

43.498

0.0010595

**

Table 5b. The ANOVA (BLOCK Adjusted) of screening of maize inbred lines under artificial infestation against S. inferens
d.f.

Sum of squares

Mean Sq

Treatment unadjusted

58

264.970

4.568

F value

Pr (>F)

Block adjusted

2

0.296

0.148

1.6835

0.2948005

significance

control

2

48.362

24.181

275.4810

5.195e-05

***

Augmented

55

216.508

3.937

44.8463

0.0009983

***

Control vs augmented

1

0.100

0.100

1.1366

0.3464457

Table 6. Standard error of differences and critical differences (CD)
Std. error Diff.

CD (1%)

CD (5%)

Two Control Treatments

0.24

1.1

0.67

Two Augmented Treatments (Same Block)

0.42

1.9

1.16

Two Augmented Treatments (Different Blocks)

0.48

2.2

1.34

Treatment and Control

0.37

1.7

1.03

study, generation mean analysis of a cross between E 62
and CML 451 revealed presence of negative additive and
dominance effects, and positive additive × dominance (j)
and dominance × dominance (l) epistatic interaction effects.
Sekhar et al. (2016a) screened 207 inbred lines of maize
against C. partellus and S. inferens; out of which 21 inbreds
were resistant to C. partellus with LIR <3.0 and one line
WNZPBTL 9 was resistant to S. inferens. Sekhar et al.
(2016b) studied the response of different maize accessions
and identified ten resistant land races namely IC258225,
IC319533, IC321053, IC321110, IC321111, IC321119,
IC326886, IC331795, IC 338827 and IC 350198 when
screened against S. inferens.
From the present study, inbred lines which have shown
resistance namely DMRE63/CML 287-2-46-9, BGS-86,
CM111/Zea diploperennis/CM111, CML141, CML33#-4,
DML-1432, EC619101, HEY Pool-2011-30-4-1-2-2-1 and
HEY Pool-2011-41-2-1-1-1-1 could be effectively utilized
in resistance breeding programmes against stem borers.
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Prevalence of foliar diseases in sweet corn at Karnataka state
S. I. Harlapur · H. U. Pallavi · K. S. Hooda · S. R. Salkinkop · R. M. Kachapur · S. C. Talekar

Abstract: Turcicum leaf blight and common rust are
regularly appearing foliar diseases in sweet corn during
kharif season in severe form. Both the diseases develop
rapidly usually disease appeared and develop before
flowering at knee high stage resulting complete necrosis
of the leaf and premature death of plants. Intensive roving
survey conducted during kharif 2017 in Karnataka implied
that, both the diseases found in severe form but severity
varied from one to another locality due to factors like,
climatic conditions, soil type, cropping pattern, genotype
and other cultural practices followed. Maximum severity
of TLB observed in the Chikkballapur district (56.54%) at
dough stage of the crop, grown under rainfed situation on
red soil. Maximum severity of common rust was found in
Belagavi district (43.73%) at silking stage of the crop
cultivated under irrigated situation on black soil. Least
severity of TLB (49.00%) was recorded in the Belagavi
district and common rust (37.81%) was in Chikkaballapur
district.
Keywords: Sweet corn · Turcicum leaf blight · Common
rust

Introduction
Sweet corn (Zea mays L. var. saccharata) is one of the
upcoming popular vegetable, specifically bred to increase
the sugar content in the kernels. The net income resulting
from this variety is quite higher as compared to normal
maize, since green fodder is highly succulent, palatable
and digestible for dairy animals. Increasing demand,
premium price make it attractive option for the farmers.
But, at the mean time crop exhibiting highly susceptible
reaction to foliar diseases like turcicum leaf blight (TLB)
and common rust, were considered to be as major threats
and causing serious economic loss to the farmers. Turcicum
leaf blight caused by Exserohilum turcicum (Pass.) Leonard
and Suggs. and common rust caused by Puccinia sorghi
Schw. occurs often together in the crop responsible for
significant reduction in the yields to the extent of 4.2 to
13.06 per cent depending upon the severity in different
genotypes (Harlapur et al., 2017). However, yield losses
due to common rust ranges from 11.75 to 60.53 per cent
under differential fungicidal spray schedule (Dey et al.,
2012). For knowing the prevalence of these diseases, it is
necessary to conduct survey in the major sweet corn
cultivating areas in Karnataka to get comprehensive
information on disease distribution, level of incidence and
severity. Hence, the present study was carried out to
quantify the severity of both the diseases of sweet corn in
Karnataka during kharif 2017.

Materials and methods
 S. I. Harlapur: harlapursi@gmail.com
All India Co-ordinated Research Project on Maize, University of
Agricultural Sciences, Dharwad-580005, Karnataka, India
Received: 15 February 2019/ Accepted: 20 April 2019
© Maize Technologists Association of India 2019

An intensive roving survey was conducted in major sweet
corn growing areas, viz., Bagalkote, Belagavi,
Chikkaballapur and Dharwad districts during kharif 2017.
In each district, blocks which were involved in extensive
cultivation of crop were selected. In every village, five
fields were randomly selected on both the sides of road,
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Table 1. Severity of turcicum leaf blight and common rust diseases of sweet corn in northern parts of Karnataka
District

Taluk

Village

Soil
type

Cultivar
grown

Crop
grown

Crop
stage

condition
(Irrigated/
Rainfed)

Percent disease
index (PDI)

Other
iseases

Turcicum Common observed
leaf blight
rust

Bagalkote

Mudhol

Mudhol

Black

Sugar-75

Irrigated

Silking

50.65

38.42

MLB

Belagavi

Athani

Kouthakoppa

Black

Sakata-16

Rainfed

Dough

48.33

40.65

CLS

Sankaratti

Black

Sugar-75

Rainfed

Dough

49.66

41.85

MLB

Saraguppi

Black

Sugar-75

Rainfed

Tasseling

46.55

38.50

MLB

Tegnusi

Black

Sakata-16

Rainfed

Dough

50.24

40.50

MLB

Ugarkhurd

Black

Sakata-16

Rainfed

Tasseling

49.72

41.95

MLB

48.90

40.69

Mean
Bailhongal

Chikkabagevadi

Black

Sugar-75

Rainfed

Dough

49.45

48.66

CLS

Kurugund

Black

Sugar-75

Rainfed

Dough

47.50

41.33

MLB

Pattaylks

Black

Sugar-75

Rainfed

Dough

48.66

41.58

MLB

Sampagam

Black

Sugar-75

Rainfed

Dough

50.38

49.85

MLB

49.00

45.35

Mean
Belagavi

Hirebagevadi

Black

Sakata-16

Rainfed

Silking

51.92

45.65

CLS

Modaga

Black

Sakata-16

Rainfed

Silking

48.33

40.10

CLS

Sambra

Black

Sakata-16

Rainfed

Dough

49.28

41.55

CLS

49.84

42.43

Mean
Gokak

Akkatangiarahal

Black

Sugar-75

Irrigated

Silking

48.50

46.86

MLB

Sunadalli

Black

Sugar-75

Irrigated

Silking

43.89

41.56

MLB

Tukanatti

Black

Sugar-75

Irrigated

Silking

48.29

46.88

CLS

Tundurgi

Black

Sugar-75

Irrigated

Silking

47.16

45.75

MLB

46.96

45.26

Mean
Savdatti

Margodu

Black

Sugar-75

Irrigated

Silking

49.66

44.80

MLB

Mulavalli

Black

Sugar-75

Irrigated

Silking

49.81

43.55

MLB

Yeragatti

Black

Sugar-75

Irrigated

Silking

51.33

46.50

MLB

50.26

44.95

Mean
Dharwad

Dharwad

Garag

Red

Sugar-75

Rainfed

Tasseling

46.25

42.53

CLS

Kelageri

Red

Sugar-75

Rainfed

Tasseling

52.80

46.75

CLS

Kogilegere

Red

Sugar-75

Rainfed

Tasseling

52.51

42.83

CLS

Mandeyal

Red

Sugar-75

Rainfed

Dough

48.66

43.60

CLS

Mugad

Red

Sugar-75

Rainfed

Tasseling

49.25

42.66

CLS

49.90

43.67

Mean
Chikkaballa-

Chikkaballa- Gollahalli

Red

Sugar-75

Rainfed

Dough

57.77

40.80

MLB

pur

pur

Marenhalli

Red

Sugar-75

Rainfed

Dough

51.77

36.66

MLB

Nagsandra

Red

Sugar-75

Irrigated

Dough

58.88

35.66

MLB

Yakashipura

Red

Sugar-75

Rainfed

Dough

57.77

38.15

MLB

56.54

37.81

Mean
MLB: Maydis leaf blight; CLS: Curvularia leaf spot
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when crop was from tasselling to dough stage. Such
selected fields were subjected to severity assessment.
Severity of both the diseases were recorded based on 0-9
modified diseases rating scale proposed by Mayee and Datar
(1986). Further, per cent disease index (PDI) was calculated
by applying the formulae given by Wheeler (1969).

Results and discussion
Survey was carried out during kharif 2017 in major sweet
corn growing areas of Karnataka by adopting roving survey
methodology as mentioned in material and methods. The
mean per cent disease severity data recorded at various
locations is presented in Table 1 and 2. Results from the
present investigation revealed that, TLB and common rust
were prevailing in all major sweet corn growing areas in
low to severe form with the severity ranging from 43.89
to 58.88 per cent for TLB and 35.66 to 49.85 per cent for
common rust. Such variations from one to another locality
were mainly attributed to cropping pattern, varied
environmental conditions prevailing soil type and inoculum
build up.
The mean maximum severity of TLB (58.88%) was
observed from Nagsandra village of Chikkaballapur district,
whereas, minimum mean disease severity (43.89%) was
noticed in Sunadalli village of Belagavi district. The mean
maximum severity of common rust (49.85%) was recorded
from Sampagam village of Belagavi district, whereas,
minimum mean severity (35.66%) was noticed in
Nagsandra village of Chikkaballapur district (Table 1). Of
the blocks, maximum mean severity of turcicum leaf blight
was recorded in Chikkaballapur block (56.54%), along with
minimum mean disease severity was noticed in Gokak
Table 2. District and taluka wise severity of turcicum leaf blight and
common rust diseases in northern parts of Karnataka
District

Taluk

Mean percent
disease index
Turcicum
leaf blight

Common
rust

Bagalakote

Bagalakote

50.65

38.42

Belagavi

Athani

48.90

40.69

Bailhongal

49.00

45.35

Belagavi

49.84

42.43

Gokak

46.96

45.26

Savadatti

50.26

44.95

Mean

49.00

43.73

Dharwad

Dharwad

49.90

43.67

Chikkaballapur

Chikkaballapur

56.54

37.81

(46.96%) block. The maximum mean common rust disease
severity was observed in Bailhongal (45.35%) block, along
with mean minimum severity was noticed in Chikkaballapur
block (37.81%). Among districts surveyed, the mean
maximum severity of turcicum leaf blight was observed in
Chikkaballapur (56.54%) district followed by Bagalkote
(50.65%) and Dharwad (49.90%) districts, whereas,
minimum mean severity was recorded in Belagavi (49.00%)
district. The mean maximum common rust severity was
recorded in Belagavi (43.73%) district followed by Dharwad
(43.67%) and Bagalkote (38.42%) districts, the mean
minimum severity was observed in Chikkaballapur district
(37.81%) (Table 2). Across the locations, the maximum
severity of TLB (52.85%) was observed in red soil,
whereas, common rust (43.32%) was observed in black
soil. With respect to crop grown condition, maximum
severity (53.28%) of TLB was recorded in the rain fed
situation. Maximum severity of common rust (44.30%)
was observed in the crop grown under irrigated situation.
Disease severity with respect to stage of the crop indicated
that maximum severity (51.41%) of TLB was observed at
dough stage of crop. Maximum severity of common rust
was recorded at silking stage (44.00%) of crop. Maximum
severity of TLB (50.31%) and common rust (42.85%) were
recorded in the genotype Sugar 75 due to increased
susceptibility than genotype Sakata 16 (Table 1). The
outcomes from the present investigation revealed that,
highest per cent disease index for TLB was recorded at
Chikkaballapur district due to varietal susceptibility,
increased relative humidity, frequent and heavy rainfall have
created congenial environmental condition. Maximum
severity of common rust was observed in Belagavi district
because of the factors like, intensive cultivation of crop
season after season, increased relative humidity, minimum
temperature and susceptible stage of the crop. The areas
which have recorded low disease pressure was might be
due to failure in establishment of favorable environmental
conditions.
Similar observations were also made by several workers,
Gowda et al. (1989), Raid (1991), Reddy et al. (2013)
and Dalavai and Kalappanavar (2017). Earlier survey report
(Harlapur et al., 2012) indicated that turcicum leaf blight
and common rust were severe and predominately found in
the areas of northern Karnataka. Cultivar susceptibility,
weather parameters and other cultural practices followed
plays major role in resulting the maximum disease pressure.
This study concludes that turcicum leaf blight and common
rust were prevalent in all the sweet corn growing areas of
Karnataka at varied severity rates. Maximum severity of
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TLB (58.88%) observed in Chikkaballapur district. Least
severity of TLB (43.89%) was noticed in Belagavi district.
Maximum severity of common rust (49.85%) was exhibited
by Belagavi district. Least severity of common rust
(37.81%) found in Chikkaballapur district.
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Optimization of nitrogen dose and application schedule for winter maize
(Zea mays L.) in North-West plains of India
Amit Bhatnagar1 · Gurvinder Singh1 · Veer Singh2

Abstract: Winter maize is a new remunerative proposition
for the farmers of North-West plain of India. Since, the
response of maize to applied nutrients changes with growth
stages hence the amount of nutrients required and their
application time in winter season are very important points.
Thus, a two- year field experiment was conducted at
Govind Ballabh Pant University of Agriculture & Technology
Pantnagar, Uttarakhand, India to determine the effect of
nitrogen (N) dose and scheduling on productivity,
economics and nitrogen use efficiency (NUE) of winter
maize. The experiment consisted of three nitrogen levels
i.e., 90, 120 and 150 kg/ha and four N schedules i.e., S1
(33% basal, 34% at knee high and 33% at tasseling), S2
(20% at basal, 30% prior to knee high, 30% at knee high
and 20% at tasseling), S3 (20% at basal, 20% prior to knee
high, 40% at knee high and 20% at tasseling) and S4 (20%
at basal, 20% prior to knee high, 30% at knee high, 20% at
tasseling and 10% at grain filling) was conducted in split
plot design keeping nitrogen dose in main plots and its
schedule in sub-plots. The average data of two year study
revealed that significantly higher maize grain yield and net
return were obtained with application of 150 kg N/ha and
produced 20.3% higher grain yield than application of 90
kg N/ha but remained on par with 120 kg/ha. A reduction
in NUE was noticed from 46.3 to 33.4% with increase in
N dose. Nitrogen applied as S3 recoded 21.3% higher grain
yield with monetary advantage of ` 18832/ha over
conventional application (S1). Splitting of nitrogen in S1
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and S3 schedule exhibited the lowest (34.3%) and highest
(41.9%) NUE, respectively.
Keywords: Nitrogen dose · Nitrogen use efficiency ·
Winter maize

Introduction
Maize (Zea mays L.) is an important food and feed crop of
the world after wheat and rice. In India, it occupied 9.22
million hectare area with productivity of 3.12 t/ha (USDA,
2018). Maize is mainly grown during rainy season (JuneOctober) which has less productivity than winter maize
due to shorter crop duration, severe pest incidence, heavy
weed infestation and more nutrient losses besides water
logging (Singh et al., 2012). Further, maize in rabi season
tends to be more efficient than that of rainy season in view
of lower photo respiration losses as well as due the
availability more sunshine hours. Fewer incidences of
abiotic and biotic stress, longer crop duration, better input
use efficiency and proper availability of solar radiation
favors maize to achieve higher yield. Hence, its cultivation
during winter has gained an increased attention.
Rabi maize cultivation has become a common practice
in peninsular India and North-Eastern plains where the
winter season remains frost-free and mean temperatures
do not fall below 13°C (Singh et al., 1997; Reddy et al.,
1999). Nowadays, cultivation of rabi maize is becoming
popular in North-West plain of India including Western Uttar
Pradesh, plain areas of Uttarakhand and Punjab and in these
areas, a sizeable area has already shifted from wheat to
maize, especially under irrigated condition (Singh et al.,
1997).
Nutrient management is one of the key aspects for
improving maize productivity (Parihar et al., 2017; 2019).
Response of maize to nutrient varies with genotype and
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environment (Cüi et al., 2009; Presterl et al., 2002)
particularly during winter season when cool weather
conditions are accompanied by occasional frost. Because
of lower temperature in early growth stages, the winter
maize duration in these areas (170-180 days) is longer than
that of rainy season (100-120 days). Therefore, it requires
careful nutrient management.
Among various nutrients, management of nitrogen is
one of the prime concerns due to its key role in plant
metabolism and demand throughout the plant growth
period. Nitrogen plays an important role in photosynthesis
and is an integral part of protein. It is essential for enzymatic
biochemical and physiological reactions in plant metabolism.
Nitrogen is largely responsible for increasing photosynthesizing area and thus influences plant growth and
productivity to a greater extent (Mehta et al., 2011). The
response of winter maize to N has been reported by a galaxy
of workers in different states of India (Singh et al., 2000;
Maurya et al., 2005). Regular supply of nitrogen in
adequate amount is necessary to increase the productivity
of maize (Singh et al., 2003) particularly in winter season
when low temperature slow down the growth rate of plants
and causes poor absorption of nutrients. The majority of
the farmers still believe that the more application of nitrogen
ensures high yield. Therefore, optimization of N dose for
winter maize is necessary.
Besides dose, scheduling of N also plays significant
role in its efficient utilization. In winter maize, vegetative
period is longer and thus, it requires N at regular interval.
With less splitting, N requirement of maize is not fulfilled
and further, the heavy application of nitrogen at one time
has environmental concerns (Erley et al., 2005) besides
reduction in nutrient use efficiency. Splitting of nitrogen at
different plant growth stages increases grain yield of maize
(Sangoi et al., 2007). The present study was undertaken
to work out the optimum dose and the right time of nitrogen
application for winter maize in view of improving its
productivity, economics and nitrogen use efficiency.

Materials and methods
The field experiment was carried out at Govind Ballabh
Pant University of Agriculture & Technology, Pantnagar
(29oN latitude, 79.29oE longitude and 244 m above mean
sea- level), Uttarakhand, India, during the winter season
(November- May) of 2011-12 and 2012-2013. The study
site is located in the Tarai belt of northern India with young
alluvial soils having shallow to medium water table. The
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climate of the region is broadly humid sub-tropical with
cool winters and hot dry summers. During summer, the
maximum temperature exceeds 40°C, while in winters, the
minimum temperature occasionally touches 0°C. Monsoon
(rains) occurs from the third week of June to the middle
of September. Frost is expected from late December to
February. The mean relative humidity remains almost 8090% from mid June to end of February and then it steadily
decreases to 50% by the first week of May and remains so
till mid June. The area receives a mean annual rainfall of
1433 mm of which 80-90% is received in between June
and September. The experiment was conducted in the same
field but located the experiment in different plots to avoid
carry over effects. For physico-chemical analysis of soil,
a composite soil samples was collected from 0-15 cm depth
before planting. The soil chemical analysis revealed that
soil was sandy loam in texture, neutral in reaction (pH
7.3), medium in organic carbon (0.67%), low in available
nitrogen (248 kg/ha), medium in available phosphorus (19.4
kg/ha) and potassium (147 kg/ha). The bulk density of top
0-15 cm soil was 1.36 Mg/m3. The soil moisture content at
field capacity and permanent wilting point in the upper 030 cm surface was 22.9 and 7.4%, respectively. The
experiment consisted of three nitrogen dose (90, 120 and
150 kg/ha) and four nitrogen schedules (Table 1) was
conducted in split plot design keeping nitrogen dose in main
plot and schedule in sub plot with three replications. The
crop was raised as per recommended package and
practices. Crop was planted on second fortnight of
November and harvested on second fortnight of May
during both the years of study. Variety ‘PEHM 2’ was
seeded manually. The tillage operations were subjected to
three harrowing passages. The crop geometry was
maintained at 60 cm × 25 cm spacing. The crop was
fertilized uniformly with 26.2 kg phosphorus (P) and 33.3
kg potassium (K)/ha. Plant nutrients N, P and K were
applied through NPK fertilizer mixture (12:32:16) and
remaining N and K were applied through urea (46% N)
and muriate of potash (60%), respectively. Entire amount
of P and K was applied as basal and N was splitted as per
schedule given in Table 1. Urea was top dressed as per the
treatments at prior to knee high (56 and 65 days after
sowing, respectively), knee high (100 and 95 days after
sowing, respectively), tasseling (120 and 124 days after
sowing, respectively) and grain filling (144 and 141 days
after sowing, respectively) during both the years.
A pre -planting irrigation of about 6 cm was given 5
days before planting for facilitating land preparation and
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Table 1. Nitrogen splitting (%) under different schedules in maize
Treatment/Symbol

Basal

Prior to knee high

S1

33

-

34

33

-

S2

20

30

30

20

-

S3

20

20

40

20

-

S4

20

20

30

20

10

ensuring adequate germination. After the crop
establishment, 6 irrigations were applied during both the
years of the study. For controlling the weeds, atrazine @
1.0 kg a.i./ha in 500 litres of water was applied immediately
after planting. Two hand weeding were made at prior to
knee high and knee high stages in both the years. In all,
there were 36 plots of 4.2 m × 4.0 m size each. The net
plot area was 3.6 m × 3.0 m. The plant height was recorded
by tagging five plants from each net plot at random. The
plant height was measured at maturity stage from the base
of the main stem to the ligules of the upper most fully
opened leaf. Plant population was counted from the net
plot area. The yield contributing characters of maize like
cob weight, cob length, cob girth and 100-grain weight
were recorded from 10 randomly selected cobs. At maturity
stage, the cobs from the stalks of net plot area were
separated manually and plants were cut close to the ground
with the help of sickle to record stover yield. The treatment
effects of both years were averaged to get mean value.
The nitrogen fertilizer use efficiency (factor productivity)
was calculated by dividing grain yield with amount of
nitrogen applied.
Nitrogen use efficiency (factor productivity) = [Grain yield
(kg/ha)/N applied (kg/ha)] × 100
The nitrogen uptake was determined in grains and stover
of maize was at harvest stage by modified micro Kjeldahl
method (Jackson, 1973) by multiplying respective nitrogen
concentration and dry matter yield. The dry matter yield
of stover was calculated on the basis of oven dry weight.
The cost of cultivation was calculated by taking current
market prices of inputs while gross return was obtained
from grain and stover yields by multiplying their market
prices of ` 20/kg and ` 0.70/kg, respectively. Net return
was calculated by subtracting cost of cultivation from gross
return. The B:C ratio was calculated by dividing the net
return by cost of cultivation. The data were analyzed
following the techniques of analysis of variance (ANOVA)
prescribed for split plot design (Gomez and Gomez, 1984).
Where ‘F’ test was significant, critical difference (CD)
was worked out at 5% level of probability (P = 0.05).

Knee high

Tasseling

Grain filling

Results and discussion
Plant growth
Plant height was improved significantly with increasing N
dose from 90 to 150 kg /ha. Nitrogen application @ 150
kg/ha recorded the maximum plant height. It was at par
with 120 kg N/ha but produced significantly taller plants
than 90 kg N/ha (Table 2). Nitrogen being integral part of
protoplasm is required for cell division and elongation. A
sufficient nitrogen availability helps the plants to make its
proper growth by increasing leaf area and plant height.
Besides nitrogen is structural component of chlorophyll
and thus enhances photosynthic efficiency of leaves. The
low availability of nitrogen under 90 kg/ha render the plants
to shorter height. As nitrogen supply was increased plant
height tended to improve. The enhancing effects of nitrogen
nutrition on growth of maize have also been reported by
Pal and Bhatnagar (2012). Nitrogen scheduled as per S3
treatment resulted in significantly more plant height than
that of S1 but remained on par with S2 and S4. Regular
supply of nitrogen throughout growing period under more
number of splits resulted into significant improvement in
plant height compared to conventional application at 3
stages (i.e., basal, knee high and tasseling).
Yield attributes and yield
Number of cobs/ha remain unaffected due to variation in
N dose (Table 2). Variable rate of nitrogen in maize showed
significant differences in yield attributes. Cob length, cob
girth and 100-grain weight improved significantly with
increasing nitrogen dose (Table 2). Application of 150 kg
N/ha recorded the maximum cob length, cob girth and
100-grain weight. It was on par with N @ 120 kg/ha but
had significantly higher values of these yield attributes than
90 kg N/ha. The reproductive growth depends on vegetative
growth which in turn depends on N availability. N deficiency
reduces the growth rate. Poor N availability at flowering
stage adversely affects number of grains and weight of
cob (de Grazia et al., 2003). Owing to better plant growth
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Table 2. Effect of nitrogen doses and scheduling on number of cobs, plant height, cob length, cob girth and 100-grain weight of maize (mean of
2 years)
Treatment

No. of cobs/
ha

Plant height
(cm)

Cob length
(cm)

Cob girth
(cm)

100-grain weight
(g)

90

56889

127.1

15.1

12.6

24.6

120

58608

133.1

15.8

13.2

25.9

150

N dose (kg/ha)

58201

135.4

16.1

13.6

26.3

SEm±

406

0.6

0.04

0.1

0.1

CD (P = 0.05)

NS

2.4

0.2

0.5

0.5

S1

56907

127.2

15.1

12.7

24.4

S2

58083

133.4

15.8

13.4

25.9

S3

58994

133.9

16.0

13.6

25.9

S4

57613

132.8

15.7

12.9

26.2

SEm±

1047

0.7

0.1

0.1

0.1

NS

2.2

0.3

0.3

0.4

N schedule

CD (P = 0.05)

under 120 and 150 kg N/ha, yield attributes improved
significantly. Shivay and Singh (2000) also observed similar
findings. The higher value of 100-grain weight in 120 and
150 kg N/ha implies that nitrogen enhanced the translocation
rate of carbohydrates from source to sink probably
influencing the catalytic and enzymatic reactions. These
results corroborate the findings of Sen et al. (1999) who
also noted better 100-grain weight under high dose of
nitrogen. The positive effects of N on maize yield were
reported by Tollenaar and Lee (2002). Cob and grain yields
markedly responded to nitrogen nutrition (Table 3). The
maximum cob and grain yields were obtained in 150 kg N/
ha, but were comparable with 120 kg N/ha and were
significantly superior to 90 kg N/ha. The response of yields
to nitrogen beyond 120 kg/ha was not significant. The
increase in cob yield over 90 kg N/ha was 14.5 and 18.5%
with 120 and 150 kg N/ha, respectively. Crop fertilized
with 150 kg N/ha produced 20.3 and 2.8% higher grain
yield compared to 90 and 120 kg N/ha, respectively. Maize
yield is a function of different yield components such as
the number of cobs/ha, length and girth of cob and 100grain weight. The higher values of yield attribute in 120
and 150 kg N/ha were mainly responsible for improvement
in cob and grain yields in these treatments. Nsanzabaganwa
et al. (2014) and Singh et al. (2003) also observed better
response of winter maize to high dose of nitrogen. The
lower level of N reduced the growth rate. This could be
more severe during silking stage during which cob length,
cob girth and numbers of grains per cob are determined,
hence lower yield was obtained with 90 kg N/ha (de Grazia

et al., 2003). Singh et al. (2003) and Mehta et al. (2011)
also observed a significant increase in grain yield at high N
levels. Stover yield increased significantly with increment
in the N dose (Table 3). Crop fertilized with 150 N kg/ha
produced maximum stover yield. It was on par with 120
kg N/ha but had 15.3% higher stover yield than 90 kg N/
ha.
Number of cobs per hectare did not differ significantly
due to nitrogen splitting. Application of nitrogen under S3
being on par with S2 recorded significantly more cob length
and girth than S1 and S4. Nitrogen splitting at grain filling
stage i.e. S4 had significantly more 100-grain weight than
S1 but did not differ statistically with remaining of N
schedules. In conventional nitrogen schedule (S1) nitrogen
was applied only at three stages i.e. basal, knee high and
tasseling. The long time gap in nitrogen application between
planting to knee high stage (56 and 65 days in both the
years, respectively) could not meet out the plant demand
during this period. Moreover, high amount of nitrogen at
basal (33%) might not be fully utilized by the plants due to
late germination and initial very slow growth rate in winter
season. Whereas optimal and regular supply of nitrogen at
different growth stages of crop through more number of
splitting (S2 and S3) resulted in better utilization of nitrogen
by the plants which improved the growth and yield
attributes. Maximum cob and grain yields were obtained in
nitrogen scheduling under S3 which was significantly
superior to S1 and S4, however remained on par with S2.
It revealed that knee high stage is critical for nitrogen
application and grain filling stage is not important for winter
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Table 3. Yields, economics, NUE and nitrogen uptake by maize as affected by nitrogen dose and scheduling (mean of 2 years)
Treatment

Cob yield
(t/ha)

Grain yield
(t/ha)

Stover yield
(t/ha)

Net return
(Rs/ha)

B:C
ratio

NUE
(%)

N uptake (kg/ha)
Grain
Stover
Total

90

5.65

4.16

12.85

51718

1.27

46.3

59.8

26.7

86.5

120

6.47

4.87

14.55

66573

1.62

40.6

70.9

35.3

106.3

N dose (kg/ha)

150

6.69

5.01

14.82

69235

1.67

33.4

74.9

37.2

112.1

SEm±

0.15

0.13

0.22

2573

0.06

-

1.8

1.4

1.7

CD (P = 0.05)

0.60

0.50

0.87

10061

0.26

-

7.2

5.6

6.5

S1

5.53

4.15

13.23

51055

1.26

34.3

57.6

27.3

84.9

S2

6.48

4.82

14.42

65613

1.60

40.2

71.7

35.3

107.0

S3

6.75

5.03

14.56

69887

1.70

41.9

75.2

36.1

111.3

S4

6.32

4.75

14.07

63480

1.53

39.6

69.9

33.5

103.1

SEm±

0.11

0.09

0.27

1746

0.04

-

1.7

1.6

2.2

CD (P = 0.05)

0.34

0.27

0.80

5189

0.13

-

5.2

4.7

6.5

N schedule

maize. The increase in grain yield under S3 was 21.3%
over S1. Stover yield was significantly more in S3 than S1
but remained on par with remaining N schedules. Late
application of nitrogen at grain filling stage (S4) though
enhanced the translocation of photosynthates toward grain
and resulted in higher 100-grain weight yet did not improve
grain yield. It could be due to lesser cobs/ha, cob length
and cob girth under this treatment. As a consequence of
higher value of yield attributes, the significant improvement
in cob and grain yield was noted under more nitrogen split
treatments. These results are in line with the findings of
the Saleem et al. (2009) who observed more N splits
resulted in the highest number of yield attributes in different
maize hybrids. These results are in close conformity with
those of Lehrsch et al. (2000).
Nitrogen use efficiency and Nitrogen uptake
Nitrogen use efficiency (NUE), expressed as grain
production per unit of N applied showed a trend of
reduction was noted with increase in nitrogen dose. The
average NUE was 46.3, 40.6 and 33.4% at 90, 120 and
150 kg N/ha, respectively. The reduction in NUE under
120 and 150 kg N/ha was 12.3 and 27.9%, over 90 kg N/
ha, respectively. It made clear that maize has poor N use
efficiency at higher dose of nitrogen. A decreasing pattern
in nitrogen use efficiency values with increasing fertilizer
rates in maize was also reported by Valero et al. (2005).
Crop fertilized with 150 kg N/ha had significantly more N
uptake by grain and stover and total N uptake than that of

90 kg N/ha but remained on par with 120 kg N/ha (Table
3). The high value of N uptake in 120 and 150 kg N/ha
could be due to more availability of N and higher grain and
stover yields under these treatments.
Nitrogen use efficiency varied among nitrogen schedules
being maximum (41.9%) in S3 and minimum (34.6%) in
S1. The highest per cent improvement in NUE over S1
was in S3 (22.6%) followed by S2 (17.5%) and S4
(15.8%). The variations in NUE signify the importance of
application of differential dose of nitrogen at different
growth stage of plants. Nitrogen uptake was the highest in
S3. This treatment being on par with S2 recorded
significantly more N uptake by grain and total N uptake
than S1 and S4. N uptake was also significantly higher in
S3 but was statistically similar with S2 and S4. Significantly
inferior uptake of N in conventional splitting was due to
lower level of grain and stover yields.
Economics
The cost of cultivation of maize in-creased with the increase
in nitrogen dose. The differences in amount of nitrogen
used led to variations in cost of cultivation. Higher levels
of N fertilization showed better economics. Nitrogen @
150 kg/ha gave significantly more net return and B:C ratio
than 90 kg N/ha but 120 kg N/ha was comparable with it.
Because of differences in grain and stover yield levels,
monetary return varied among nitrogen doses. The
variations in cost of cultivation in nitrogen scheduling were
due to difference in manual labourers involved in top
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dressing of urea in respective treatments. In S1, S2, S3
and S4 treatments the number of nitrogen split were 2, 3,
3 and 4, respectively and considering the requirement of 2
labourers for each top dressing of urea in one hectare area
the number of labourers used in this operation were 4, 6, 6
and 8, respectively. Nitrogen scheduled in S4 treatment
owing to higher grain yield resulted into significantly more
net return and B:C ratio than S1 and S4 but remained on
par with S2.
From this study it may be inferred that maize grown in
winter season responded to high level of nitrogen. Winter
maize fertilized with 150 kg N/ha can provide significantly
higher grain yield and monetary return, albeit 120 kg N/ha
was comparable with it. Maize requires nitrogen throughout
growing period with peak demand at rapid vegetative stage.
To obtain higher grain yield and better nitrogen use
efficiency, nitrogen in winter maize should be applied in 4
splits. Application of nitrogen as 20% at basal, 20% prior
to knee high, 40% at knee high and 20% at tasseling stage
is ideal to get maximum productivity, nitrogen use efficiency
and profit in winter maize.
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Effect of soil and foliar supplementation with zinc and iron on yield and
economics of maize (Zea mays L.)
S. R. Salakinkop · S. I. Harlapur · R. M. Kachapur · S. C. Talekar

Abstract: A field experiment was conducted during two
consecutive kharif seasons of 2015 and 2016 at
Agricultural Research Station, Bailhongal, Karnataka, India
on agronomic bio-fortification of maize with zinc and iron.
The experiment was laid out in factorial randomized block
design with three replications. The treatments consisted
of 10 combinations involving soil application and foliar spray
of ZnSO4 and FeSO4. Results of pooled data of two years
revealed that soil application of FYM enriched with ZnSO4
and FeSO4 @ 20 kg ha-1 each recorded significantly higher
yield attributes, grain yield, Zn and Fe content in grain.
Similarly, foliar spray of ZnSO4 and FeSO4 @ 0.5% each
at 45 days after sowing (DAS) recorded higher grain yield
(73.5 q ha-1), zinc and iron content in grain (45.1 and 69.3
mg kg-1 respectively) over control of foliar spray (43.8
and 67.3 mg kg-1 respectively). Among the interactions
effects of treatments, combination involving soil application
of FYM enriched with ZnSO4 and FeSO4 each @ 20 kg ha1
and foliar spray recorded the higher grain yield (77 q ha1
), stover yield (86.6 q ha--1), cob length (17.0 cm), cob
girth (17.2g), seed weight (29.9 g), Zn (48.5 mg kg-1) and
Fe content (76.4 mg kg-1 respectively) in grain. Similarly,
it recorded significantly higher leaf area index, SPAD values
and dry matter production compared to other interactions.
However, it was on par with treatment combination
involving soil application of FYM enriched ZnSO4 and
FeSO4 each @ 15 kg ha-1 and foliar spray with respect to
all growth, yield attributes, zinc and iron content in grain.
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Introduction
Maize is the third most important cereal crop next to wheat
and rice in the world as well as in India. Maize is called as
“queen of cereals” and “miracle crop” because of its higher
productive potential compared to any other cereal. Maize
is the most important cereal feed for livestock and critical
staple food for people living in Asia, Africa and Latin
America. In India, out of total production of maize, 45 per
cent is consumed as a staple food in various forms.
In world, it is cultivated on an area of 184.3 million ha
with an annual production of 1041.7 million tonnes with a
productivity of 5742 kg ha-1 (USDA, 2017). In India,
currently, it is grown in an area of 9.38 million ha with a
production of 28.76 million tonnes with productivity of
3065 kg ha-1 (Anonymous, 2018). In Karnataka, maize is
grown in an area of 1.31 million ha with a production of
3.85 million tonnes and a productivity of 2,948 kg ha-1
(Anonymous, 2018).
At present, about 48.1 per cent of Indian soils are
deficient in Zn and 11.2 per cent in Fe (Anonymous, 2018).
Zn and Fe deficiencies are well-documented public health
issue and an important soil fertility constraint for crop
production. Generally, there is a close geographical overlap
between soil deficiency and human deficiency of Zn and
Fe indicating a high requirement for increasing
concentrations of micronutrients in food crops. Fe is
critical for human health because its deficiency can be lifethreatening. Iron deficiency anemia affects 800 million
women and children in the world (WHO, 2015). Zn
deficiency is a vital threat to world agriculture and human
health, particularly in arid and semi-arid zones of the globe.
Zn deficiency affects 17% of the world’s population, that
is about two billion people (Black et al., 2008).
Complementary approach is therefore experimented in this
study for agronomic biofortification of maize grain with
Zn and Fe.
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Materials and methods
A field experiment on agronomic bio-fortification with zinc
and iron micronutrients in maize was conducted during
two consecutive kharif seasons of 2015 and 2016 at
Agricultural Research Station, Bailhongal, Belagavi which
is situated in Northern Transitional Zone of Karnataka state
and located between 15o.81’ North latitude and 74o.86’ East
longitudes with an altitude of 546 m above mean sea level.
The soil of the experimental site was medium black in
nature, belonging to the order vertisols. Composite soil
samples were drawn from 0 to 15 cm depth from the
experimental site. It was clayey in texture (10.65% sand,
30.0% silt, 59.12% clay), pH 7.3, E.C 0.34, low in organic
carbon (4.8 g kg-1), available nitrogen (218.4 kg ha-1),
phosphorus (36.4 kg ha-1) potassium (347.2 kg ha-1), zinc
(0.76 ppm) and iron (4.19 ppm). The experiment was laid
out in Randomized Complete Block Design (factorial
concept) with 10 treatment combinations involving soil
application of Zn and Fe, viz., no soil application (S1), soil
application of recommended ZnSO4 and FeSO4 each @ 25
kg ha-1 (S2) and application of FYM enriched with ZnSO4
and FeSO4 each @ 20 (S3), 15 (S4) and 10 (S5) kg ha-1
without and with foliar spray of ZnSO4 and FeSO4 each @
0.5 per cent at 45 DAS. For FYM enrichment, 500 kg
FYM was thoroughly mixed with 1% cow dung slurry
and ZnSO4 and FeSO4 as per the enrichment treatments.
The mixture was covered with polythene sheet for natural
process of composting for one month to fix the externally
added inorganic Zn and Fe into organically bound and
naturally chelated form of Zn and Fe. This enriched FYM
applied to soil before sowing. The available zinc and iron
in soil were determined by shaking 20 g soil with 40 ml of

extract of 0.05 M diethylinetriaminepenta acetic acid
(DTPA) + 0.01 M CaCl2 and 0.1 M triethanol amine (TEA),
pH adjusted to 7.3, shaken for two hours and filtered. By
feeding the filtrate to atomic absorption spectro photometer
(AAS) the concentration of Zn and Fe was recorded
(Lindsay and Norvell, 1978). In grain also, Zn and Fe
determined by using Atomic Absorption Spectrophotometer
and expressed the concentration in mg kg-1 and uptake in g
ha-1.
Based on the current price of input used and economics
procedure obtained during the year 2015 and 2016, the
gross return, net return and benefit-cost (B/C) ratio were
worked out by using standard formulae.
The experimental data were subjected to statistical
analysis by adopting Fisher’s method of analysis of variance
as outlined by Gomez and Gomez (1984). The level of
significance used in ‘F’ test was at 5 per cent. Critical
difference (CD) values are given in the tables at 5 per cent
level of significance, wherever the ‘F’ test significant.

Results and discussion
Crop performance in terms of growth and yield attributes
increased significantly due to Zn and Fe nutrition through
soil and foliage. Soil application of ZnSO4 and FeSO4 each
@ 20 kg ha-1, 15 kg ha-1 with FYM enrichment and 25 kg
ha-1 without FYM enrichment increased the grain yield by
12.4, 12.7 and 9.9%, respectively over no application (61.1
q ha-1) (Table 1). Similarly, stover yield was increased with
increased level of Zn and Fe application. In rice crop, there
was significantly higher yield and yield attributing characters
with combined soil application of ZnSO4 and FeSO4 each
@ 25 kg ha-1 and foliar spray (Suresh and Salakinkop,

Table 1. Grain yield and micronutrient content in grain as influenced by soil and foliar application of zinc and iron to maize crop (Pooled data
of two years)
Grain yield (qha-1)

Soil application treatment

Zinc content (mg kg-1)

Iron content (mg kg-1)

No
spray

Foliar
spray

Mean

No
spray

Foliar
spray

Mean

No
spray

Foliar
spray

Mean

S1: Control

65.1

71.2

68.1

35.0

37.4

36.2

46.9

50.5

48.5

S2: ZnSO4 & FeSO4 @ 25 kg ha-1

71.6

73.6

72.6

47.2

47.5

47.3

74.1

74.9

74.5

S3: FYM enriched ZnSO4 & FeSO4 @ 20 kg ha

-1

73.2

77.0

75.1

47.7

48.5

48.1

75.1

76.4

75.8

S4: FYM enriched ZnSO4 & FeSO4 @ 15 kg ha

-1

73.4

75.6

74.5

46.9

47.7

47.3

73.9

75.2

74.5

S5: FYM enriched ZnSO4 & FeSO4 @ 10 kg ha-1

69.8

70.0

69.9

42.1

44.3

43.2

66.5

69.9

68.2

Mean

70.6

73.5

43.8

45.1

67.3

69.3

LSD (0.05)

Foliar

1.54

0.90

1.11

Soil

2.44

1.42

1.75

FxS

3.46

2.85

3.61
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2016). The differences in the yields were due to the
variation in the yield components, viz., cob length, cob
weight, grain weight per cob, number of grains per cob
and test weight. The increase in grain yield of maize due to
the soil application of FYM enriched ZnSO4 and FeSO4 each
@ 20 kg ha-1 was mainly due to the increased cob length,
cob weight, grain weight per cob, number of grains per
cob and test weight. Variation in yield and yield attributes
could be traced back to the improved growth parameters,
viz., leaf area index, SPAD reading and dry matter
production. Similar observations were recorded by
Bandiwaddar and Patil (2015) in wheat and Meena et al.
(2006) in mustard. The increase in yield was due to
improved availability of micronutrients which could be
attributed to the formation of stable organo-metalic
complexes of micronutrients with organic matter, especially
during the enrichment process which last for a longer time
and release the nutrients slowly in the soil system in such
a way that the nutrients are protected from fixation and
made available to the plant root system throughout the crop
growth period. The increase in the yield attributes could
be due to continuous supply of organically chelated
micronutrients (Zn and Fe) to the crop. Zn and Fe are part
of the photosynthesis, assimilation and translocation of
photosynthates from leaves to sink (Singh et al., 1995 and
Innocent et al., 2018).
Increased grain and stover yield (72.8 and 102.9 q
ha-1, respectively) was also recorded with foliar spray of
ZnSO4 and FeSO4 each @ 0.5 per cent at 45 DAS over no
foliar spray (68.03 and 100.4 q ha-1 respectively). Foliar
spray recorded significantly improved yield components,
viz., cob length, cob weight, grains per cob, test weight
and grain weight per cob over no foliar spray. Similar results
were obtained by Hythum and Nasser (2012). Foliar
application of ZnSO4 and FeSO4 each @ 0.5 per cent
recorded significant improvement in growth parameters at
milking stage, viz., leaf area index, SPAD values and dry
matter production. Similar results were observed by
Potarzycki and Grzebisz (2009). Foliar spray helped in rapid
absorption of Zn and Fe nutrients through leaf and resulted
in increased cell division and elongation, chlorophyll
content and photosynthesis. Foliar application of
micronutrients might enhance dry matter transformation
from store part to sink parts (Singaraval et al., 1996).
Effect on density of zinc and iron in grain
Soil application of FYM enriched ZnSO4 and FeSO4 each
@ 20 kg ha-1,15 kg ha-1 and recommended ZnSO4 and
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FeSO4 each @ 25 kg ha-1 increased the zinc content in
grain by 36.2, 34.0 and 34.8%, respectively over no
application (Table 1). Similarly, Fe content in grain in these
treatments increased by 60.1, 57.5 and 57.9%, respectively
over control and they were on par with each other. The
reason could be enrichment of FYM with zinc and iron
regulates their supply to the crop by slowly releasing of
the nutrients into soil solution which would facilitate the
higher nutrient uptake. And further, enrichment of nutrients
with organics prevents them from leaching and other
losses.
Similarly, foliar application of ZnSO4 and FeSO4 each
@ 0.5 per cent accounted significantly higher zinc and
iron content in grain (45.1 and 69.3 mg kg-1 respectively)
over no foliar application (43.8 and 67.30 mg kg -1
respectively). Foliar application of ZnSO4 and FeSO4 each
@ 0.5 per cent at 45 DAS facilitates much better
translocation of applied nutrients into the developing grains.
Density of zinc and iron content in grain increased
further due to combined foliar and soil application of
different levels of FYM enriched Zn and Fe. Interaction
effect showed that there was increase in grain concentration
of Zn from 36.2 g kg-1 in control to 48.1 g kg-1 in combined
foliar and soil application of FYM enriched ZnSO4 and
FeSO4 each @ 20 kg ha-1. Similarly, Fe content was also
improved from 48.5 g kg-1 in control to 75.8 g kg-1 in
combined foliar and soil application of FYM enriched ZnSO4
and FeSO4 each @ 20 kg ha-1. In another study conducted
during kharif 2016 at same location revealed that combined
application of Zn and Fe through seed, soil and foliar
application recorded significantly higher Zn and Fe density
in the maize grain. There was increase in grain
concentration of Zn and Fe from 36.59 to 48.57 and 55.18
to 75.81 mg kg -1 respectively (Figure 1). Among the
interactions different treatment involving seed treatment,
soil application of FYM enriched ZnSO4 and FeSO4 each @
15 kg ha-1 and foliar application (T2S4F2) recorded higher
uptake of zinc (924.73 g ha-1) and iron (1,116.94 g ha-1)
compared to treatment combination devoid of seed, soil
and foliar application. There was the positive association
between zinc and iron concentration and increase in grain
yield of maize. Improvement in yield and micronutrient
content in grain due to zinc and iron application may be
attributed to their role in various physiological processes,
improvement in growth components and better partitioning
of carbohydrates from leaf to reproductive parts. It could
also be ascribed to its improvement in metalo-enzymes
system regulatory function and growth promoting auxin
production.
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Figure 1. Zinc and
iron content (mg/ kg)
in maize grain after
harvest of the crop
as influenced by
seed, soil and foliar
application

Table 2. Net returns and B:C ratio as influenced by soil and foliar application of zinc and iron (pooled data of two years)
Treat

Net returns (Rs/ha)

B:C ratio

No Spray

Foliar Spray

Mean

S1: Control

44,115.8

50,267.6

47,191.6

2.43

2.59

2.51

S2: ZnSO4 & FeSO4@ 25 kg ha-1

49,260.0

49,127.5

49,193.7

2.49

2.38

2.43

S3: FYM enriched ZnSO4 & FeSO4 @ 20 kg ha-1

49,981.6

53,463.0

51,773.3

2.46

2.53

2.49

-1

50,662.5

52,463.3

51,562.9

2.50

2.52

2.51

S5: FYM enriched ZnSO4 & FeSO4 @ 10 kg ha-1

47,030.8

46,474.1

46,752.5

2.41

2.36

2.38

Mean

48,210.1

50,378.5

2.46

2.47

S4: FYM enriched ZnSO4 & FeSO4 @ 15 kg ha

LSD(0.05)

No Spray

Foliar Spray

Mean

Foliar

1,781.9

NS

Soil

2,817.4

0.08

FxS

NS

0.12

Economics
Significantly higher net returns (Rs 51,773 ha-1) and B:C
ratio (2.49) were obtained with soil application of FYM
enriched ZnSO4 and FeSO4 each @ 20 kg ha-1 which was
on par with soil application of FYM enriched ZnSO4 and
FeSO 4 each @ 15 kg ha -1 (Table 2). Similarly, foliar
application of Zn and Fe each @ 0.5 per cent at 45 DAS
significantly increased net returns (Rs 50,378 ha-1) over
no foliar spray (Rs 48,210). Improved profit with Zn and
Fe application was attributed to increase in grain and stover
yield compared to no application. Similar observations were
recorded by Bandiwaddar and Patil (2015) in wheat.
Interaction effect of soil and foliar application showed
that significantly higher net returns (Rs 53,463 ha-1) and
B:C ratio (2.53) were accounted with combination involving

soil application of FYM enriched ZnSO4 and FeSO4 each
@ 20 kg ha-1 and foliar spray. And it was on par with
treatment combination consisting of soil application of FYM
enriched ZnSO4 and FeSO4 each @ 15 kg ha-1 and foliar
spray with respect to net returns (Rs 52,463 ha-1) and B-C
ratio (2.52). The lowest net returns (Rs 47,191 ha-1) and
B:C (2.51) ratio were recorded in control. Similar
observations were recorded by Nikhilkumar and Salakinkop
(2017) in treatment which received Zn and Fe through
seed treatment, soil and foliar application.
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Effect of planting density and nutrient management on growth, yield
attributes, yield and economics of maize hybrids in rabi season in new alluvial
zone of West Bengal
Sonali Biswas1 · Srabani Debnath2 · Abhijit Saha3

Abstract: A field experiment was carried out at District
Seed farm, Kalyani, Nadia, Bidhan Chandra Krishi
Viswavidyalaya, West Bengal, India during rabi season of
2016-17 to study the effect of planting density and nutrient
management on growth, yield attributes, yield and
economics of maize hybrids. The soil of the experimental
field was alluvial having silty clay loam in texture, pH neutral
in reaction (7.32) and medium in organic carbon content
(0.54%). The experiment was laid out in split-split plot
design with two genotypes (P 3396 and JKMH 502) in
main plots, two planting densities (60x20 cm and 50x 20
cm) in subplots and three nutrient managements
[RDF(Recommended dose of fertilizer)-120:60:60 kg NPK
ha-1, STCR-(Soil Test Crop Response)-173:16:20 kg NPK
ha-1 and SSNM (Site Specific nutrient management)120:40:46 kg NPK ha-1] in sub-sub plots having three
replications. The experimental results showed that maize
hybrid JKMH 502 recorded higher grain yield (9059 kg ha1
), yield attributing characters (cob length, cob diameter,
grain rows/cob, grains/row and 100 seed weight), net return
(` 60,614 ha-1) and BC ratio (2.27) of maize. The high
density of planting (50 x 20 cm) recorded significantly
higher grain yield (8767 kg ha-1), net return (` 57,353 ha1
) and BC ratio (2.20) as compared to low density planting.
Application of nutrients through STCR recorded
significantly higher yield (8948 kg ha-1), cob length (14.7
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cm), cob diameter (15.9 cm), grain rows/cob (16.6), grains/
row (32.5), 100 seed weight (33.3 g), net return (` 60,420
ha-1) and BC ratio (2.30) in maize as compared to other
treatments. Based on results, it can be concluded that maize
hybrid JKMH 502 with 50 x 20 cm spacing and the STCR
based nutrient management is a option for achieving higher
yield and economic benefit of maize during rabi season in
West Bengal, India.
Keywords: Economics · Maize hybrids · Planting density
· Nutrient management · Yield

Introduction
Maize, the queen of cereals, occupies a pride place among
the cereal crops in India. It has emerged as third most
important food crop after rice and wheat in the India. The
wide ecological adaptability favours the crop round the
year in almost all parts of India and has diversified uses in
human food, animal feed and as a source of large number
of industrial by products and is therefore, called as “miracle
crop”. Maize yield is function of climate, soil, variety and
cultural practices. Since, there is a limited scope to increase
the area under maize cultivation because of competition
from other cereals and commercial crops, the only
alternative is through productivity enhancement by various
management factors. It is an established fact that higher
grain yield depends on optimum plant density, adequate
fertilizer application and also varietal performance. The plant
geometry and optimum plant population play an important
role in plant growth, yield attributing characters and yield
of crop. Maize is more sensitive to variations in plant density
than other members of the grass family (Vega et al., 2001).
It is not possible to recommend a generalized plant
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population since the crop is grown in different management
practices under varied environment (Srikanth et al., 2009).
Maize yield differed significantly under varying plant density
levels due to difference in genetic potential (Liu et al.,
2004). Balanced and optimum use of nitrogen, phosphorus
and potassium fertilizers play a pivotal role in increasing
the yield of maize (Asghar et al., 2010). The yield potential
of crop however, varies from variety to variety, location to
location and also depends mainly on the availability of
essential growth factors such as soil nutrients status and
application of fertilizers. At present there is lack of nutrient
recommendation according to area based climatic situation
as well as nutrients status of soil. Unfortunately, there is
no single recommendation for all conditions because
optimum density and nutrient management depending on
nearly all environmental factors as well as on controlled
factors, such a soil fertility, hybrid selection, planting date,
planting pattern and harvest time, among others. The aim
of this study was to determine the effects of planting
density and nutrient management on maize hybrids and
find out better variety, plant population and nutrient
management for obtaining maximum yield of maize in new
alluvial zone of West Bengal.

Materials and methods
The experiment was conducted at the District Seed Farm
(AB Block), Kalyani, Bidhan Chandra Krishi Viswaviyalaya,
Nadia, West Bengal (Latitude 22o57/ N, Longitude 88o20/ E
and at of 9.75 m above sea level) during rabi seasons of
2016-17. The soil of experimental plots was silty clay loam
in texture having pH neutral in reaction (7.32) with medium
in organic carbon (0.54%) and available nitrogen (265 kg/
ha), high in available phosphorus (32 kg/ha) and medium
in available potassium (205 kg/ha). The experiment was
laid out in split-split plot design with three replications
keeping hybrids in the main plot, plant geometry located in
sub plot and nutrient management in the sub-sub plots.
The treatment comprised of two maize hybrids, viz., P3396
and JKMH 502, two plant geometry (60x20 cm and 50x20
cm) and three levels of nutrient management, viz., RDF
(120:60:60 kg NPK ha-1), STCR (Soil test crop response)
(173:16:20 kg NPK ha-1) and SSNM (Site specific nutrient
management) (120:40:46 kg NPK ha-1). In STCR based
nutrient recommendations, the basic data viz., nutrient
requirement (NR) (kg/t), percent contribution from the soil
available nutrients [CS (%)] and the percent contribution
from the applied fertilizer nutrients [CF (%)] were
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transferred into workable adjustment equation (Rao and
Srivastava, 2000).
Fertilizer dose = [Nutrient requirement (kg/t) of grain]/
[CF (%)] 100 × T (t/ha)-[CS (%)]/
[CF (%)] × [soil test value (kg/ha)]
Where T is targeted yield (t/ha).
For site specific nutrient management (SSNM), the
nutrient status of the soil, previous crops etc. were used
for computing the nutrient requirement by using IPNI
(International Plant Nutrition Institute) Nutrient Expert for
hybrid maize software. The crop was sown in 29 th
November, 2016 with seed rate of 20 kg/ha. Well
decomposed farm yard manure at the rate of 12 t/ha was
applied before last ploughing. As per the treatment, nitrogen
was applied in three split, viz., 25, 50, 25 per cent as basal,
25 and 45 days after sowing. The entire dose of phosphorus
and potassium were applied as basal. The N, P and K
fertilizers were applied in the form of urea, single super
phosphate and muriate of potash, respectively. Biometric
observations likes plant/ha, plant height, cob length, cob
girth, rows/cob, seeds/cob, grain yield and stover yield
were recorded at harvest. Economics of crop was calculated
on the basis of the local market prices of the inputs and
outputs. The collected data of the one season was
statistically analysed according to the analysis of variance
(ANOVA) by using MSTAT-C computer software
packages.
Results and discussion
Growth and Yield Attributing Parameters
Effect of maize hybrids
Experimental results showed that significant variations
were found in growth and yield attributing parameters in
both the hybrids (Table 1). However, with respect to plant
height and plant population, no significant differences were
recorded between hybrids. Significantly highest cob length
(14.3 cm), rows/cob (16.6), seeds/row (34.6) and 100
seed weight (32.7 g) were observed in JKMH 502 over
P3396 might be due to genetic characters. The differences
between maize hybrids in relation to growth and yield
attributes were also reported by Singh et al. (2014) and
Ramchadrappa et al. (2007).
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Table 1. Effect of planting density and nutrient management on growth and yield attributes of maize hybrids
Treatments

Plant Population
(‘000/ha)

Plant height
(cm)

Cob length
(cm)

Cob girth
(cm)

No. of rows/
cob

No. of seeds/
row

100 seed
weight (g)

Genotypes
P3396

86.8

259.1

13.1

15.1

15.2

29.0

28.8

JKMH 502

88

265.21

14.3

15.4

16.6

34.6

32.7

CD at 5%

NS

NS

0.58

NS

1.06

3.70

2.90

60x20 cm

79.5

257.9

12.9

14.7

15.6

30.5

29.7

50x20 cm

95.4

266.2

14.6

15.8

16.1

33.1

31.8

CD at 5%

0.76

3.2

1.08

0.85

NS

1.78

NS

Planting Density

-1

Nutrient Management (NPK kg ha )
RDF

86.7

252.8

12.8

14.7

15.1

30.9

28.2

STCR

88.4

270.3

14.7

15.9

16.6

32.5

33.3

SSNM

87.2

263.1

13.7

15.2

15.9

32.0

30.8

CD at 5%

NS

2.14

0.66

0.39

0.41

0.62

1.82

Effect of planting density
Crop geometry had significant influence on all the growth
and yield attributes (Table 1). The highest plant population
(95.4 thousand/ha) and plant height (266.2 cm) were
recorded in 50×20 cm spacing than the wider spacing of
60x20 cm. Plant height was highest in 50×20 cm spacing
might be due to the higher interplant competition for sunlight
which have made the plants to grow taller to trap more
sunlight and it decreased with increased in the plant spacing.
The results are supported by the findings of Pal and
Bhatnagar (2012). The yield attributes were significantly
influenced by planting density. Highest cob length (14.6
cm), cob girth (15.8 cm), rows/cob (16.1), seeds/row
(33.1) and 100 seed weight (31.8 g) were observed in 50x
20 spacing over the plant spacing of 60×20 cm. This might
be due to higher light interception, higher plant height,
increased leaves number and higher biomass production in
maize which increased yield attributes. Light interception
was increased with increased plant density. Toler et al.
(1999) reported 15% higher light interceptions and higher
biomass yield at high density than low plant density in maize.
At high density vegetative growth of maize was extended,
more number of leaves per plant were produced that
increased light interception (Amanullah et al., 2008) and
more production of assimilates which translocate towards
cobs of maize and ultimately increased yield attributes and
grain yield of maize. This result agrees with findings of
Dabmardeh (2011).
Effect of nutrient management
Nutrient management significantly influenced plant height

and all yield attributing parameters (Table 1). Plant
population was not significantly influenced by nutrient
management. The highest plant population (88.4 thousand/
ha) and plant height (270.3 cm) were noted in STCR based
nutrient management practice. The STCR based nutrient
management practice also recorded highest cob length (14.7
cm), cob girth (15.9 cm), rows/cob (16.6), seeds/row
(32.5) and 100 seed weight (33.3 g). This might be due to
increase rate of nutrients uptake and better translocation
of photosynthates from source to sink. The results are
conformity with the findings of Biradar et al. (2013) and
Yadav and Kumar (2018).
Grain Yield and Stover Yield
Effect of maize hybrids
Maize hybrids significantly influenced the grain and stover
yield of crop (Table 2). Hybrid JKMH 502 recorded highest
grain yield (9059 kg/ha) and stover yield (11000 kg/ha)
which were significantly superior to P3396 maize hybrid.
The variation in yields between both the varieties might be
due to genetical variation in the varieties (Singh, 2016).
Effect of planting density
The data indicated that significantly higher grain yield (8767
kg/ha) and stover yield (10649 kg/ha) were observed under
planting density of 50×20 cm than planting density of 60×20
cm (Table 2). This might be due to increase of growth and
yield attributes of maize under 50×20 cm density. This
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Table 2. Effect of planting density and nutrient management on
yields and economics of maize hybrids

Effect of planting density

Treatments

The economic data (Table 2) showed that planting density
50×20 cm recorded highest net return (` 57353) and BC
ratio (2.20). The lowest net return (` 47344) and BC ratio
(1.99) were observed in panting density of 60×20 cm. The
difference in net return and BC ratio might be due to yield
variation between both the plant geometry. Similar findings
were also reported by Singh et al., 2013 and 2016.

Grain
yield
(kg/ha)

Stover
yield
(kg/ha)

Net
return
(`/ha)

BC
ratio

7661

9794

44083

1.92

Genotypes
P3396
JKMH 502

9059

11000

60614

2.27

1395.5

546.5

16106.0

0.34

60x20 cm

7953

10145

47344

1.99

50x20 cm

8767

10649

57353

2.20

CD at 5%

468.5

357.4

5541.0

0.11

CD at 5%
Planting Density

Nutrient Management (NPK kg ha-1)
RDF

7672

9797

42895

1.87

STCR

8948

10967

60420

2.30

SSNM

8460

10426

53732

2.12

CD at 5%

348.9

317.2

4299.7

0.09

findings are in accordance with experimental results of
Sivamurugan et al. (2017).
Effect of nutrient management
Nutrient management had significant effect on the grain
and stover yield of maize (Table 2). The highest grain yield
(8948 kg/ha) and stover yield (10967 kg/ha) were observed
in STCR which were significantly higher than other nutrient
management practice. This may be due to increased uptake
of nitrogen, phosphorus and potassium being part of
essential nutrients, required for the production of
meristematic tissues and physiological activities of leaves,
roots, shoots etc. leading to an efficient translocation of
water and nutrients. These physiological activities increased
the nutrient uptake which resulted in higher total dry matter
production. These findings are accordance with
experimental results of Dey and Sarma (1996) and Yadav
and Kumar (2018).
Economics
Effect of maize hybrids
In respect of economics, the maize hybrid JKMH 502
registered highest net return (` 60614) and BC ratio (2.27)
which was significantly superior over hybrid P3396 (Table
2). This might be due to higher yield of hybrid JKMH 502
than hybrid P3396.

Effect of nutrient management
The data on economics of treatments (Table 2) indicated
that the higher net return (` 60420) and BC ratio (2.30)
were recorded in STCR practice. The lower net return (`
42895) and BC ratio (1.87) were observed in RDF practice.

Conclusion
It is therefore concluded that the maize hybrid JKMH 502
under 50×20 cm planting density and plant nutrient
management on the basis of soil test crop response (STCR)
is a option for achieving higher yield and economic benefit
of maize during rabi season in West Bengal, India.
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Development and quality evaluation of maize papad
D. Shobha · Puttramnaik · A.R Brundha

Abstract: The present study was carried out to develop
papad by incorporating maize flour (QPM) and evaluate its
organoleptic, storage and nutritional quality. The product
development was diversified by using quality protein maize
(QPM) flour to cater the fast changing taste of new
generation as well as meeting the demands of conventional
eaters. The papads were developed using normal (NAH2049) and quality protein maize (Shakthiman-4) flours. The
sensory, biochemical and microbial quality of the stored
papads were analyzed every month by storing in LDPE
pouches. The papad was standardized by taking four
variations, viz., 50+35+15 (maize flour: rice flour: soya
flour), 50+30+10+10 (maize flour: rice flour: soya flour:
grain amaranthus flour) 50+20+15+15 (maize flour: rice
flour: soya flour: grain amaranthus flour) and 50+10+20+20
(maize flour: rice flour: soya flour: grain amaranthus flour).
Among two variations viz.,50+35+15 and 50+30+10+10
were found to be acceptable in both the types of maize
papads. The difference in sensory quality of these papads
was not significant. The nutritional composition of papad
indicated that QPM papad contains significantly more
protein (18.54 g) and iron (10.80 mg) compared to normal
maize papad. The fungal and mould colonies were not
observed throughout the storage period due to low moisture
content of papads and hence these were found to be safe
for consumption throughout the storage period of six
months at normal room temperature.
Keywords: Quality protein maize (QPM) · Low density
polyethylene (LDPE) · Oil absorption capacity
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Introduction
Maize (Zea mays L) is the third most important cereal in
India, after rice and wheat. Currently, 1037 million MT of
maize is being produced together by over 170 countries
from an area of 185 million ha with an average productivity
of 5.62 t/ha. In India maize is being produced in an area of
9.6 million ha with a production and productivity of 25.90
million MT and 2689 kg/ha respectively (Anon, 2017).
Maize is a good source of carbohydrates, fats, protein and
some of the important vitamins and minerals. Several million
people especially in the developing countries derive their
protein and calorie requirements from maize. However, in
spite of several important uses, maize has an inbuilt
drawback of being deficient in two essential amino acids.
This is responsible for poor net protein utilization and low
biological value of traditional maize genotypes; this was
addressed by maize breeders by developing “quality protein
maize” (QPM) with enhanced content of deficient amino
acids. In the recent past quality protein maize (QPM) has
got special distinction among the cereals, due to presence
of high amount of essential amino acids viz, lysine (4.92%)
and tryptophan (1.20%). Further, quality protein maize can
be utilized for diversified purpose in food and nutritional
security as infant food, health food, convenience food,
specialty food and emergency rations. (Jat et al., 2009).
Maize has not been recognized as a human food due to
lack of awareness among people regarding its processing
and value addition.
Number of value added products can be prepared using
normal or QPM maize flour, semolina or grits including
roti, upma, dosa, idli, fryumes and papad. Papad is
indigenous traditional snack item with thin wafer like product
prepared from variety of ingredients (Butti et al., 2017). It
is also known as ‘appalam’ in South India, but they are
generally made from blend of pulse flour, cereal flour and
edible starches with other ingredients and it is consumed
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as roasted or fried product or as an adjunct with vegetable
soups and curries.
Apart from value addition by processing to traditional
products from the cereal grains and development of newer
products offers variety, convenience, quality, costefficiency and scope for increasing the nutritional value. A
variety of papads are available in India, which are produced
from great diversity of ingredients (Veena et al., 2012). It
constitutes an important food adjunct being manufactured
on cottage scale or home scale (Indhira, 2001). The type
of papads varies from one culture to another. The largest
number of papads are being made from different pulses
and also made from certain cereals (Kamat and Yenagi,
2012). To enhance the nutritive value of papad as well as
to add variety in the papad the product developments was
diversified by using maize flour to cater the fast changing
taste of new generation as well as meeting the demands of
conventional eaters. So also the large amount of raw
materials (maize) can be suitably diversified into human
food. In this regard a study was undertaken to develop
maize papad by incorporating maize flour with other
ingredients and evaluate its quality in terms of nutritional,
storage and microbial aspects.

Material and methods
The maize grains of normal (NAH-2049) and Quality Protein
Maize (QPM) hybrid (Shakhiman-4) were procured from
AICRP maize centers (V.C. Farm, Mandya and Dholi, Bihar)
respectively. While other ingredients like rice, soya flour
and grain amaranthus were procured from local market in
a single lot and refrigerated until further use.
Development of papad
Papad was standardized by taking four variations, viz.,
50+35+15 (maize flour: rice flour: soya flour),
50+30+10+10 (maize flour: rice flour: soya flour: grain
amaranthus flour) 50+20+15+15 (maize flour: rice flour:
soya flour: grain amaranthus flour) and 50+10+20+20
(maize flour: rice flour: soya flour: grain amaranthus flour).
From the preliminary trials, two variations viz., (50+35+15)
and (50+30+10+10) were acceptable. Further these two
variations were taken for preparation of papad using two
types of maize flour (normal and QPM). The best acceptable
ratio was further tested by taking two types of maize flours,
in the ratio of 50:35:15 (maize flour: rice flour: soya flour)
and 50:30:10:10 (maize flour: rice flour: soya flour: grain
amaranthus flour) were taken for quality evaluation. The

37

procedure of traditional method of papad preparation was
followed. The papads were sundried until the moisture
reaches to below 10 percent.
Preparation of deep-fat-fried papad
Papads were fried in refined sunflower oil for 10-15 sec
(until sizzling subsided) at 185±28ºC.
Physical parameters
The physical parameters of papads were assessed by Bureau
of Indian Standards (1984) methods. The average weight
and diameter of the raw and fried papads were assessed
for five papads by picking randomly from each packet.
The thickness of raw papad was measured using a digimatic
calipers model no. [CD-8"VC Mitutoyo (Suzhou) Co., Ltd,
China] at five different points and the average was
calculated.
Sensory evaluation
The sensory evaluation was carried out in both the types
of papads on a 5 point hedonic scale which rates 5-excellent
and 1-as poor (Ranganna,1986) for appearance, colour,
texture, flavor, taste, and overall acceptability by 15 semi
trained judges of ZARS, V.C. Farm.
Analysis of nutritional composition
Developed papads were analyzed for moisture, crude
protein (Gerhardt, vapodust, Germany), fat and ash
contents (AOAC, 1995). Carbohydrate content was
determined by difference (Livesey, 1995). Gross energy
was determined by calculation from fat, carbohydrate and
protein contents using the Atwater’s conversion factor; 1
g of fat = 9 kcal, 1 g of protein = 4 kcal, 1 g of carbohydrate
= 4 kcal (Passmore and Eastwood, 1986). For mineral
estimation the samples were prepared by dissolving the
ash obtained after ashing the samples in a muffle furnace
in dilute hydrochloric acid (1:1 v/v). Calcium, phosphorus,
were estimated according to standard procedure of AOAC
(1995), iron by wong’s method (Wong, 1928), while
magnesium by versenate titration method Ranganna (1986).
Storage studies
The dry papads were packed in LDPE pouches (300 gauge)
for a period of six months and were analyzed for sensory,
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biochemical parameters. The moisture and peroxide value
(AACC, 2000) of the stored papads were analyzed every
month. Microbial quality of the stored papads was analyzed
by the method of Collins and Lyne (1970), wherein all the
isolations were carried out by following serial dilution
technique. Plates were incubated at 32±1oC for 96 hrs and
every month colony counts were recorded for bacteria,
fungi, and moulds.
Statistical analysis
Values of physical and nutritional composition were reported
as mean of three replications ± Standard deviation. The
data of sensory and storage study was statistically analyzed
using ANOVA. The percentage expansion on frying was
calculated using the formula given by Annapure et al.
(1997).

Results and discussion
Sensory evaluation of the papads on a five point hedonic
scale (Table 1) depicted significant differences between
different ingredient variations of maize papad. Among four
ingredients variations tested, papad with maize flour, rice

flour and soy flour (50:35:15) scored between good to
very good (3.9) in overall acceptability, texture (4.0) and
taste (4.1) values. Significant difference was observed
between two variations tested in two types of maize papads
(normal and QPM papads). Among two variations 50:35:15
was acceptable in normal as well as QPM type of maize
(Table 2). Similar study undertaken by Garg and Dahiya
(2003) revealed that papads prepared from chick pea flour
(20 per cent), wheat flour (10 per cent) and pea flour (10
per cent) was found to be most acceptable. Even the study
of Puyed and Prakash, (2008) revealed that sensory quality
of soy flour incorporated cereal papad (wheat and ragi)
scored overall acceptability of 17.8 and 15.0 out of 20
hedonic scale. The flow chart for the preparation of maize
papad is depicted in Figure 1.
Nutritional composition of the maize papad
The perusal of Table 3 indicated that the protein content
was relatively more in QPM papad compared to normal
papad which again depends on protein content of native
grains as well as soya protein incorporation might have
increased the protein content of papads. Our result was
supported by Veena et al. (2012) wherein protein content

Table 1. Variations in ingredients for making maize papad
Sensory Characteristics

Ingredient variations
A

B

C

Statistical analysis
D

F-value

SEm±

CD at 5%

Appearance

4.1

3.9

3.1

3.1

5.66

0.31

0.64

Colour

4.2

3.5

3.0

2.8

8.92

0.30

0.60

Texture

4.0

3.0

2.8

2.5

8.40

0.32

0.64

Flavour

4.1

3.6

3.0

2.9

5.58

0.33

0.68

Taste

4.1

3.2

3.2

2.7

7.56

0.30

0.61

Overall acceptability

3.9

2.9

2.7

2.3

13.90

0.26

0.52

Note: A – 50 maize 3 5rice flour -15 soya flour; B – 50 maize-30 rice flour-10 Amaranthus-10 soya flour; C – 50 maize-20 rice flour-15
Amaranthus-15 soya flour; D – 50 maize-10 rice flour-20 Amaranthus-20 soya flour

Table 2. Sensory evaluation of normal and QPM Papads
Sensory parameters

Ingredient variations

Statistical analysis

A

B

C

D

F-value

SEm±

CD at 5%

Appearance

4.1

3.6

4.1

2.5

16.37

0.26

0.52

Colour

4.1

3.3

4.2

3.3

5.23

0.30

0.62

Texture

4.0

3.4

4.2

2.9

6.65

0.32

0.66

Flavour

4.3

3.1

3.6

3.7

4.99

0.31

0.63

Taste

4.3

3.1

4.2

3.1

11.80

0.27

0.56

OAA

4.3

3.3

4.4

3.1

17.02

0.23

0.47

Note: A- QPM (50+35+15); B- normal (50+30+10+10); C- normal (50+35+15); D- QPM (50+30+10+10)
Score pattern: 1- poor, 2- fair, 3- good, 4- very good, 5- excellent
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Storage studies

Maize flour, rice flour and soy flour blends were added with salt
and kneaded along with water to prepare dough

The storage of any product determines its wholesomeness
during the definite period of time (Shobha et al., 2011).
Sensory evaluation of papads over six months of storage
periods revealed that both QPM and normal maize papad
were acceptable by 15 semi trained judges, however the
scores for appearance ranged between good to very good
(4.1), colour (4.0), texture (4.2), taste (4.1) and overall
acceptability ranged between good to very good (4.1) in
QPM papad over six months of storage period (Table 4).
Perusal of Table 5 indicated the physical parameters
viz., weight, diameter, thickness, expansion percentage and
oil absorption percentage of papads. The raw weight of
the papad was 3.07g and 3.10 g in normal and QPM papads
respectively. Whereas, in fried papad it was 3.09 and 3.12
g respectively in normal and QPM papads. There were no
noticeable variations in diameter, thickness, expansion
percentage and oil absorption percentage of papads (Table
5). Similar observation has been reported in case
commercial samples of black gram papad (S1 to S12) by
Amudha et al. (2009) where in the percentage expansion
on frying ranged from 32.75 to 73.53 and the extent of oil
absorption varied from 28.30 to 49.45%. Similar study
conducted by Shurpalekar et al. (1970) observed the

Dough was manually kneaded for ten to fifteen minutes and
divided into small balls
Dough balls was pressed in papad presser to make circular shape
of 8-10 cm diameter and sundried for 20 minutes
Papads were packed and sealed in LDPE pouches of 300 gauge
thickness
Figure 1. Flow chart for preparation of maize papad
Table 3. Nutrition composition of Maize papad per 100g
Nutritional composition

Normal Papad

QPM papad

Energy (kcal)

364.56±3.47

369.42±2.01

Carbohydrates (g)

68.19±0.01

66.6±0.36

Ash (g)

3.36±0.01

3.40±0.02

Proteins (g)

17.55±0.07

18.54±0.08

Fats (g)

2.4±0.20

2.50±0.1

Crude Fibre (g)

1.38±0.06

1.78±0.02

Calcium (mg)

92.7±0.22

93.9±1.06

Iron (mg)

10.28±0.14

10.80±0.23

Magnesium (mg)

53.40±1.48

45.50±1.00

Zinc (mg)

0.68±0.02

0.72±0.030

Table 5. Physical parameters of papads

of control papad ranged from 24.68 to 30.89 g and the
same was increased to 30.37 to 30.89 g with 5 to 20 per
cent incorporation of soy flour. The fat content was in the
range 2.4 g and 2.50 g in QPM, and normal maize papads
respectively. The research conducted by Rahman and Uddin
(2008) indicated that incorporation of soy flour of 5-20
per cent increased the fat content slightly. The calcium
content of both the types of papads was quite good (93.9
mg and 92.7 mg/ 100g). The low iron content in normal
maize papad might be due to varietal differences (Table 3).

Parameters

Normal

QPM

Raw

6.00±0.707

7.00±0.707

Fried

7.00±0.707

7.80±0.4

Raw

9.00±0.353

9.02±0.216

Fried

13.3±1.48

13.74±1.15

Raw

1.17±0.302

1.18±0.270

Fried

3.07±0.545

3.13±0.511

Expansion %

31.72

32.12

Oil absorption %

20

25

5

6

Weight of papad (g)
Diameter (cm)
Thickness (mm)

Table 4. Mean sensory scores of papads during storage
Characteristics

Months of storage
Initial

1

2

3

4

A

B

A

B

A

B

A

B

A

B

A

B

A

B

Appearance

4.6

4.6

4.5

4.6

4.5

4.6

4.6

4.5

4.2

4.4

4.1

4.0

4.1

4.1

Colour

4.6

4.4

4.6

4.6

4.4

4.4

4.5

4.4

4.1

4.2

4.1

4.1

4.2

4.0

Texture

4.2

4.6

4.0

4.0

4.6

4.5

4.4

4.4

4.3

4.2

3.9

3.9

4.1

4.2

Taste

4.4

4.2

4.3

4.3

4.4

4.3

4.4

4.5

4.4

4.2

4.0

4.0

4.0

4.1

Flavour

4.0

4.2

4.2

4.2

4.6

4.5

4.2

4.2

4.2

4.0

4.1

4.1

4.1

4.0

Overall acceptability

4.6

4.6

4.5

4.3

4.5

4.5

4.4

4.5

4.2

4.2

4.2

4.1

4.2

4.1

Note: A- Normal papad; B- QPM papad
Score pattern: 1- poor, 2- fair, 3- good, 4- very good, 5- excellent
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moisture content of black gram flour papad was 9.12 per
cent whereas, papad supplemented with four different
cereals and legumes at different proportions, the moisture
varied from 7.82 to 10.10%. Study of Veena et al. (2012)
also reported that higher moisture gain during storage period
of 90 days. Even though numerical difference between the
moisture, peroxide value and free fatty acid between normal
and QPM papads were observed, they were well within
the acceptable range and same is depicted in Figure 3.
The microbial quality of the prepared papad is depicted
in Table 6. There was no fungal and mould colonies
throughout the storage period and very few bacterial
colonies were found after three months. They were found
to be gram negative on staining technique which may be

Moisture (%)

Peroxide value (meq/kg) of fat

average weight (3- 25 g), diameter (6-24 cm), thickness
(0.2-1.5 mm) for pulse papads. Even the study of Nazni
and Pradeep (2010a) has reported that diameter of horse
gram flour and sago flour incorporated papad was in the
range of 7.0 to 7.2 cm.
The quality parameters of both types of papads (QPM
and normal) were evaluated during storage period of six
months on the basis of biochemical, and microbial changes.
Perusal of Figure 2 revealed that, there was significant
increase in the moisture of both types of papads during six
month storage period. Our result was supported by IS 2639
specification (BIS 1999) showed that moisture percentage
of papads should be between 12.5-15.0%. Similar study
conducted by Garg and Dhiya, (2003) recorded that the

Months of Storage

Months of Storage

Figure 2. Changes in peroxide value during storage of papad

Figure 3. Changes in peroxide value during storage of papad

Table 6. Microbial load of maize papads
Months of Microbial
studies
Initial (0)
1
2
3
4
5
6

Samples

Fungi
Cfu/ml of sample

Bacteria
Cfu/ml of sample

Mould
Cfu/ml of sample

10-4

10-5

10-3

10-4

10-4

10-5

Normal

0

0

0

0

0

0

QPM

0

0

0

0

0

0

Normal

0

0

0

0

0

0

QPM

0

0

0

0

0

0

Normal

0

0

0

0

0

0

QPM

0

0

0

0

0

0

Normal

0

0

3

1

0

0

QPM

0

0

1

0

0

0

Normal

0

0

6

2

0

0

QPM

0

0

4

0

0

0

Normal

0

0

5

2

0

0

QPM

0

0

6

1

0

0

Normal

0

0

5

3

0

0

QPM

0

0

6

1

0

0
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added from water, ingredients, processing and handling
methods. The study of Veena et al. (2012) also reported
that the bacteria, moulds and yeast counts were higher in
papad stored in polyethylene cover followed by plastic box
and steel box, which may be due to the handling;
temperature, oxygen and duration of storage were the
factors influence the type of microbial growth and spoilage
of food during storage.
Conclusion
The study revealed that, maize papads prepared using
50:35:15 of maize flour: rice flour: soya flour was scored
between very good to excellent on a five point hedonic
scale. There was no significant difference between QPM
and normal maize papads with respect to sensory and
storage quality. The nutritional composition of the QPM
papad was found to be superior in protein, iron, and calcium
contents. Both types of papads can be stored up to six
months without significant changes in physical chemical
and microbial qualities.
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