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RESEARCH PAPER

Teosinte (Zea mays subsp. parviglumis) allelic influx as a measure to
enhance and strengthen diversity in maize
Sneha Adhikari* · Anjali Joshi · Smrutishree Sahoo · N. K. Singh

Abstract: In maize, allelic diversity has been noted to be
low when compared with its wild progenitor. Redomestication of wild alleles through teosinte genomic
influx seems to be essential to diversify the maize
germplasm and also to regain those adaptive alleles probably
that were lost during the domestication and artificial
selection. An inbred line DI-103 was therefore crossed
with teosinte and the BC1F5 population consisted of 169
lines were evaluated during kharif 2018. Analysis of
variance revealed significant differences for all the
characters indicating diverse nature of individuals of the
BC1F5 population. Days to anthesis, silking and ASI were
varied from 47-68, 44-67 and (-) 4-5 days in BC 1F 5
whereas the same were 52.5, 54.5, 2.5 and 81.5, 78 and
(-) 3.0 days in maize and teosinte, respectively. In teosinte
and maize height of the plants were 242 and 97.4 cm
whereas in BC1F5 lines, it varied from 88-229.3 cm. One
to five ears/plant were noted in BC1F5 lines whereas in
maize and teosinte, the same was 1 and 242 on average.
Ear length and diameter were greatly modified and a range
of 3.16-19.16 cm and 0.81-7.16 cm, respectively, were
observed. Kernel rows/ear and kernels/row were varied
from 2.66-16.0 and 3.5-44.8, respectively. Similarly, for
other traits namely flag leaf length, flag leaf width, node
bearing first ear, test weight and grain yield/plant, wide
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range of variations was observed in BC1F5 population.
Skewness and Kurtosis analysis indicate complementary
gene interaction for ear per plant, ear length, ear diameter,
kernel rows per ear, kernels per row, test weight and grain
yield per plant whereas duplicate gene interaction for days
to 50% anthesis, silking and node bearing first ear
involved. The observations of the investigation therefore
clearly indicate that the teosinte can be a potential donor
in the diversification of maize germplasm.
Keywords: Diversity · Maize · Parviglumis · Teosinte

Introduction
Maize (Zea mays L.) is the most important cereal crop in
terms of productivity, adaptability and utility; productivity
being highest among the cereals, adaptability is amazing
from sea level to an altitude of 3500 m, from temperate
to tropical and from low rainfall to extremely high rainfall;
and utility of maize is unmatched with any crop and
commodity of the word. Probably maize is the oldest crop
where scientific and systematic interventions have started
leading to evolution of many theories and breeding
methods, and improved populations and hybrids. One
criterion remain constant since ages is the diversity which
seems to be of utmost importance because it helps in
maintaining buffering capacity, by allelic inclusion that
may be a valuable component in minimizing pressure of
biotic and abiotic stresses along with great opportunity for
gene pyramiding options. Maize is one crop, which
showed extreme metamorphosis during domestication
followed by artificial selection leading to excellent crop
phenotype and canopy with highest valued crop. However,
associated phenomenon of domestication bottlenecks
narrowed down the genetic base of modern maize in
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comparison to its wild relatives (Vigouroux et al., 2005;
Warburton et al., 2008). In fact, fabricated selection is
entirely different from natural selection as characters based
on human needs are selected under artificial selection
whereas nature select gene combinations that required for
fitness, adaptation and survival of plants. During long chain
of domestication followed by focused selections for
fraction of yield and other agronomically important traits
under favourable conditions has lead to accumulation of
yield responsive genes with a highly efficient maize
ideotype. However, many adapted genes are ignored
probably unintentionally during selection under favourable
conditions realized in to reduced genetic base of modern
maize and thus increased genetic vulnerability (Tenaillon et
al., 2004).
The narrow genetic base of maize is a concern for
ensuring allelic diversity for sustaining productivity in
general and under the changing climatic conditions era in
particular. Wild relatives have played great role in evolution
of modern crop for human and animal being and still hold
great promise in ensuring novel and diverse alleles for
various important functions in plants. Maize had many
distant and close wild relatives thriving well naturally in
different parts of the words including in its centre of origin
under natural and changing climatic conditions and
therefore assumed to have great allelic diversity with
diverse application in maize breeding programme (Terra
et al., 2011). Teosinte, a wild relative and progenitor of
maize with phenotypically different plant and seed
characteristics can be a potential source for diversification
of maize germplasm (Singh et al., 2017; Adhikari et al.,
2019, Kumar et al., 2019). In addition to enhancement
of maize germplasm, teosinte can also be use to explore
adaptive alleles or allelic diversity that had probably lost
during the domestication and artificial selection (Vigouroux
et al., 2005; Tian et al., 2019). Population derived from
maize-teosinte crossing may form an excellent mapping
platform for tagging of gene (s) or QTLs for different
traits. Considering the potential of teosinte in terms of
allelic richness and ease in handling along with narrow
genetic base of modern maize, it was conceptualised to
bring teosinte in maize breeding programme for
introgression of desirable alleles through recombination for
diversification of maize germplasm. Moving on the line,
maize inbred line was crossed with teosinte and teosinte
introgressed BC1F5 lines were examined for allelic influx
and genomic reshuffling in the form of altered phenotype
for different characters.

Materials and methods
The experimental materials consisted of teosinte derived
169 BC1F5 maize lines. The materials were developed by
crossing teosinte- Zea mays subsp. parviglumis as pollen
parent with maize inbred line DI-103 as seed parent. The
initial crossing of maize and teosinte was made in kharif
2015 and the resulting F1s were backcrossed with maize
line DI-103 in the subsequent rabi season of 2015-16 to
get BC1F1 seed. The BC1F1 seeds were space planted
during kharif 2016 and selfed to develop 169 BC1F2 seed.
Further, all the 169 BC1F2 plants were carried forward till
BC1F5 through selfing followed by field evaluation during
kharif 2018 at Crop Research Centre of G. B. Pant
University of Agriculture & Technology, Pantnagar. The
evaluation of 169 BC1F5 lines (encoded as MT-1 to MT169) along with parental lines DI-103 and teosinte line was
taken in Randomized Complete Block Design with two
replications. Each line was sown in single row of 2 m
long and 75 cm apart. Observations on different
parameters namely days to 50% anthesis (DA) and 50%
silking (DS), anthesis-silking interval (ASI), flag leaf length
(FLL) and width (FLW), plant height (PH), node bearing
first ear (NBE), ear per plant (E/P), ear length (EL), ear
diameter (ED), kernel rows/ear (KR/E), kernels/row (K/
R), test weight (TW) and grain yield/plant (GY/P) were
recorded.
Statistical analysis
Mean values of each line were used for statistical analysis.
Data were analysed using R software for estimation of
ANOVA. Standard deviation was not calculated as data
was not normally distributed therefore Inter quartile range
(IQR) was calculated in order to depict spread of variation.
Phenotypic and genotypic coefficients of variability (PCV
and GCV) were calculated as per Burton and De Vane
(1953). All variability parameter was estimated by Excel
and box-plot was constructed by using R software.
The third degree statistics, skewness (K3) and the
fourth degree statistics, kurtosis (K4), were estimated
(Snedecor and Cochran, 1967) to understand the nature
of distribution of different traits:
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** 1% level of significance

DA- Days to 50% anthesis, DS-Days to 50% silking, ASI- Anthesis- silking interval, FLL-Flag leaf length, FLW-Flag leaf width, PH-Plant height, E/P-Ears per plant, NBE-Node bearing
first ear, EL-Ear length, ED-Ear diameter, KR/E- Kernel rows per ear, K/R- Kernels per row, TW- Test weight and GY/P-Grain yield per plant
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6.3
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4.7
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4.8

2193.4** 984.4**
90.6**
9.6**
1.0**
11.4**
1.9**
1693.5** 674.4 **
2.6**
167.1**
2.8**
46.6 **

1
Replication

35.6**

475.2
53.4
2.6
0.3
11.5
0.7
0.5
740.7
0.9
81.7
0.0

NBE
E/P
DA

DS

ASI

FLL

FLW

PH

Mean of squares
d.f.
S.V.

Table 1. Analysis of variance (ANOVA) for different characters in BC1F5 lines of maize x teosinte cross.

Analysis of variance (ANOVA) showed significant variation
among the 169 lines for all the characters (Table 1).
Significant morphological forms in BC 1F 5 lines for
different characters indicates that allelic influx from
teosinte followed by genomic recombination has taken
place and has made impact in diversification of maize. In
addition, some unusual features namely protogynous
flowering behavior, anthocyanin coloration of leaf sheath
and anthocyanin coloration tassel (glume, anther) were also
identified which are not usually seen in case of maize. It
indicates allelic contribution of teosinte for foresaid traits
as these traits in teosinte were earlier reported by various
researchers (Lauter et al., 2004; Singh et al., 2017 and
Kumar et al., 2019).
Days to 50 per cent anthesis (DA) was observed to
be 54.5 and 81.5 days in maize line DI-103 and teosinte,
respectively whereas BC1F5 maize lines varied from 47.0
to 68.0 days with mean value 58.9 days (Table 2). Low
amount of variation for DA is reflected by lower PCV and
GCV estimates 6.7 per cent and 7.6 per cent and boxplot expressed median 59.0 and IQR 5.0 (Figure 1). The
range of DA from 47.0-67.0 in the progeny of teosinte
derived maize population were reported by Magoja (1991).
In BC1F5 maize lines days for 50 per cent silk emergence
(DS) varied from 44.0 to 67.0 days with mean value of
58.3 days and the estimates of PCV and GCV was 8.7
per cent and 7.9 per cent, respectively. Box-plot represents
median 59.0 and IQR 6.0 (Figure 2). For 50 per cent silk
emergence DI-103 took 56.5 days whereas, teosinte took
78.5 days. Lower estimates of PCV and GCV for DA and

EL

Results and discussion

48.6

ED

Frequency distribution for each trait was considered
significantly deviates from zero at the 0.05 probability level
if that value was greater than twice of its standard error.

51.8

KR/E

K/R

TW

GY/P

where, n-sample size, Yj- observational value of jth
sample, Y-sample mean
The standard error for coefficients of skewness and
kurtosis were estimated as per Fisher (1950) as follows:

192.3

3
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Table 2. Different sstatistical parameters in BC1F5 lines of maize x teosinte cross.
BC1F5 lines

Characters
Range

Mean±SEM

Maize Teosinte

Median Skweness Kurtosis

GCV (%)

PCV (%)

Days to 50% Anthesis (DA)

47-68

58.9±0.3

59.0

-0.5*

0.4

6.7

7.6

54.5

81.5

Days to 50% Silking (DS)

44-67

58.35±0.4

59.0

-0.8*

0.4

7.9

8.7

56.5

78.0

Anthesis Silking Interval (ASI)

(-)4*– 5

2.5±0.1

2.5

+0.1

-0.5

184.9

190.0

2.0

(-)3.0*

Flag Leaf Length (FLL) (cm)

9.4-60.9

33.7±7

33.4

-0.1

0.1

26.6

27.6

30.8

23.8

Flag Leaf Width (FLW) (cm)

2.8-7.6

4.5±0.1

4.5

+0.3

0.01

24.3

26.0

4.7

3.5

Plant Height (PH) (cm)

88-229.3

164.0±2.2

163.7

-0.02

-0.2

17.4

18.1

97.4

242.0

Ears per Plant(E/P)

1.0-5.5

2.4±0.1

2.2

+0.7*

1.8*

771.5

771.7

1.2

263.5

Node Bearing First Ear (NBE)

2.6 -7.6

5.7±0.1

5.7

-0.6*

2.3*

16.2

18.0

4.2

5.8

Ear Length (EL) (cm)

3.2- 19.2

10.6±0.2

10.4

+0.5*

1.7*

22.0

23.0

14.2

4.0

Ear Diameter (ED) (cm)

0.8-7.26

2.7±0.1

2.8

+1.5*

11.2*

25.4

26.6

3.3

0.7

Kernel Rows per Ear (KR/E)

2.7-16.0

9.9±0.2

10.0

+0.9*

6.6*

19.1

24.6

12.7

2.0

Kernels per Row (K/R)

3.5-44.8

18.8±0.5

18.3

+0.7*

0.9*

35.5

36.1

14.0

3.2

Test Weight (TW) (g)

98.2-254.9

163.4±2.5

160.6

+0.4*

-0.2

20.2

20.4

191.8

63.3

Grain Yield/ (GY/P) (g)

6.6-105.0

41.5±1.6

36.7

+0.6*

-0.2

52.5

54.4

64.7

133.8

*Negative sign indicates protogynous nature and data were analyzed by ignoring negative sign.

DS in teosinte derived maize population were also reported
by Singh et al., (2017). The range of DS from 46.0-63.0
in the progeny of teosinte derived maize population were
reported by Magoja (1991). Some of the teosinte derived
maize lines took significantly less time for 50 per cent
anthesis and silking while some others took significantly
higher time than the maize parental linesindicates influence
of teosinte genome on changing flowering duration.
In case of teosinte anthesis-silking interval (ASI) was
(-) 3.5 days whereas, the same was 2 days in case of
maize. With mean of 2.4 days, wide variation ranging from
(-) 4.0 to 5.0 days were observed among the BC1F5 lines

Fig. 1. Box-plot of days to 50% anthesis

for ASI. The wide variation for ASI is reflected in higher
estimates of GCV (184.9 per cent) and PCV (189.9 per
cent) and also supported by box-plot which showed
median value 2.4 and IQR 1 (Figure 3).Teosinte is
protogynous in nature and therefore assumed that its allelic
contribution through recombination has altered normal
behavior of protoandrous nature of maize in protogynous
behavior in 46 per cent of the BC 1 F 5 lines. Zea
diploperennis, a wild relative of maize shows protogynous
behavior and Magoja and Pischedda (1984) reported that
this feature remain preserved even under stress conditions.
Therefore, by effective breeding strategy this feature can

Fig. 2. Box-plot of days to 50% silking

Fig. 3. Box-plot of anthesis-silking interval
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be transfer in maize genotypes, by which delayed silk
emergence could be compensated by protogyny nature to
minimize the partial or complete barrenness under stress
condition.
Flag leaf traits (length and width) are very important
parameters from yield point of viewtherefore; leaf
morphology could be targeted for photosynthesis
improvement and ultimately yield (Horton, 2000). A wider
range of flag leaf length (FLL) was observed among BC1F5
lines (9.4 cm to 60.9 cm) and 57 lines had FLL in between
26.6–35.2 cm. With mean value 33.7 cm, amount of GCV
and PCV was 26.6 per cent and 27.6 per cent,
respectively. In case of DI-103 and teosinte, FLL was
30.8± cm and 23.8 cm, respectively. Box-plots indicate
median 33.4 and IQR 12.0 (Figure 4). The GCV and PCV
for flag leaf width (FLW) in BC1F5 lines was 24.3 per cent
and 26.0 per cent and range varied from 2.8 cm to 7.6
cm with the mean of 4.5 cm. Average FLW in teosinte
was 3.5 cm whereas, the same was 4.7 cm in maize
inbred DI-103. Box-plots showed median 4.5 and IQR 1.6
(Figure 5).
The average plant height for DI-103 and teosinte was
97.4 cm and 242.0 cm, respectively whereas wide ranges
of plant height (88.0 cm to 229.3 cm) were observed
among BC1F5 lines with mean value of 164.0 cm. Large
amount of variation for plant height is also evidenced in
the form of higher value of GCV (17.4 per cent) and PCV
(18.0 per cent) and further box-plot showed median 163.7
and IQR 43.0 (Figure 6). BC1F5 lines had taller as well as
smaller plant height than the height of the maize parent.
Plant height is an important parameter for biomass point
of view (Fernandez et al., 2009) therefore lines with taller

Fig. 4. Box-plot of flag leaf length

height are of greater significance in case of fodder maize.
In addition, plants were also sturdier than the maize plant
as earlier reported by Singh et al. (2017). Prolificacy is
ability of plant to produce multiple cobs, which is known
to be extremely high in teosinte and extremely low in
modern maize (David et al., 2013). In case of DI-103,
ear number per plant (E/P) was 1.2 however in case of
teosinte ear number were 263.5. With the mean of 2.38,
E/P varies from 1.0 to 5.5 among BC1F5 lines and 90 lines
produces ears in between 2.0-2.8 per plant. Maximum
amount of variation among all the traits is reflected by E/
P as GCV (771.5 per cent) and PCV (771.7 per cent)
estimate were highest for this trait. Box-plot gives
illustration about median 2.2 and IQR 0.8. (Figure 7). In
the investigation, almost 60 per cent lines had EPP similar
to those of maize whereas the remaining 40 per cent had
characteristics feature of multiple ears of teosinte. Such
observations are important component of diversification
of maize. Multiple ears with increased yield advantage can
be used in maize improvement. Multiple ears are also a
stress adaptive trait and in case of stress environment
complete failure of the crop can be avoided. Prolificacy
is a typical feature of hybrid progeny between maize and
teosinte (Magoja and Banito, 1983; Singh et al., 2017) and
it is one of the most important yield contributing character
therefore prolific lines can be a potential trait from teosinte
for grain yield enhancement in field corn and also
development of baby corn varieties. The range for ear per
plant was 1.9-4.4 with an average 3.1 ears per plant in
the progenies of teosinte introgressed maize lines (Magoja,
1991).

Fig. 5. Box-plot of flag leaf width

Fig. 6. Box-plot of plant height
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Maize inbred DI-103 produces first ear at node 4.2
whereas teosinte produces at 5.8 nodes. Among BC1F5
NBE varied from 2.6 to 7.6 with mean NBE of 5.7 and
78 lines bears first ear at node in between 4.7-5.7 number.
Box-plot represent median 5.7 and IQR 0.7 (Figure 8) and
value of GCV and PCV was 16.2 per cent and 18.0 per
cent. Some derived lines bear’s ear at lesser height than
maize and it emulate widening of variation in maize
germplam in terms of ear height.
In maize, yield is a consequence of several
interdependent attributes of ears namely ear length (EL),
ear diameter (ED) and kernels namely kernel rows per ear
(KR/E), and kernels per row (K/R) (Miller et al., 2017).
Behaviour of the BC1F5 lines for these ear and kernel
parameters were also investigated. With mean value 10.6
cm and 2.7 cm, the observed variations for EL and ED
among BC1F5 lines were from 3.2 cm to 19.2 cm and from
0.8 to 7.2 cm, respectively. EL and ED of DI-103 was
14.2 cm and 3.3 cm and of teosinte was 4.0 cm and 0.7
cm. Maximum numbers of lines (67 and 102) produces
EL and ED in between 9.2-11.2 cm and 1.9-2.9 cm,
respectively. Box-plot displays ample amount of variation
for EL (median10.4 and IQR 2.7) and ED (median 2.8
and IQR 0.7) (Figure 9 and Figure 10). Diversification
of maize genetic base is further evidenced by the higher
estimates of PCV (22.9 per cent) and GCV (21.9 per
cent). Teosinte and maize line DI-103 produces 2.0 and
12.7 KR/E whereas K/R was 3.2 and 14.0, respectively.
The BC1F5 lines represents wide variation from 2.7 to 16.0
(mean 9.9) for KR/E and 3.5 to 44.0 (mean 18.8) for K/
R. Wide range of variation for kernel traits is depicted by
PCV of 24.6 per cent and GCV of 19.1 per cent for KR/

Fig. 7. Box-plot of ear per plant

E, and 36.1 per cent PCV and 35.5 per cent GCV for K/
R. These observations were further supplemented by boxplot as median and IQR for KR/E of 10.0 and 1.7 and
for K/R 18.2 and 8.2, respectively (Figure 11 and Figure
12). Maximum lines (94) clustered in between intervals
9.1-11.1 for KR/E and 72 in between 10.4-17.3 for K/R.
Diversification for ear and kernel characteristics in BC1F5
lines may have direct bearing in maize improvement as
desirable trait combinations can be used in crossing or
selection programme. Many stresses reduce KR/E, K/R.
Significant yield reduction in maize hybrids and inbred was
reported by Cairns et al., (2012) and was correlated with
decrease in the kernels number per row. As population is
derived by using teosinte as one of the parents and it is
reported to be tolerant towards various stresses particularly
drought (Maazou et al., 2017 and Kumar et al., 2019)
therefore these lines may serve as good material for
evaluation under drought stress.
Average test weight (TW) in BC1F5 lines was 163.4g
whereas it varied from the minimum of 98.2g to
maximum of 254.8g. The amount of PCV and GCV was
20.4 per cent and 20.2 per cent with median of 160.6 and
IQR of 46.2 (Figure 13). TW of DI-103 was 191.8g and
of teosinte was 63.7 g. Maximum lines (45) had TW in
between 143.0-165.3g. Ninety two lines (55 per cent) of
the total 169 showed TW less than mean and are towards
teosinte. The average grain yield per plant for DI-103 was
64.7g and for teosinte 133.8g. The grain yield per plant
(G/P) in BC1F5 lines varied from 6.6g to 105.0g with mean
value 41.5g. The PCV and GCV estimates of G/P were
54.4 per cent and 52.5 per cent with box plot median of
36.7 and IQR 30.0 (Figure 14). Maximum lines (44)

Fig. 8. Box-plot of node bearing first ear

Fig. 9. Box-plot of ear length

Maize Journal (April 2020) 9(1): 1-9

Fig. 10. Box-plot of ear diameter
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Fig. 11. Box-plot of kernel rows per ear

Fig. 13. Box-plot of test weight

possessed G/P in between 17.6-28.5g. Approximately 50
per cent lines of the total 169 lines produces grain yield
more than mean, this may be attributed to allelic
contribution from teosinte and interaction of yield alleles
from teosinte and maize.
The outcome of the investigation therefore clearly
indicates that in BC 1F 5 generation derived from
hybridization of maize with teosinte had wide range of
variation for all the traits analysesd. Unique and new
variation observed in BC1F5 lines are assume to be of great
significance in maize improvement particularly in the
scenario when climates are changing and emergence of
novel biotic threats have become routine. Further detail
investigation may help in identification of traits that has

Fig. 12. Box-plot of kernels per row

Fig. 14. Box-plot of grain yield per plant

probably lost during the domestication and selective
breeding.
Identification of gene interaction
Third degree statistics skewness (K3) and fourth degree
statistics kurtosis (K 4 ) are good measure of gene
interaction, in fact they are more powerful than analysis
of variance technique for identification of interaction
(Choo and Reinbergs, 1982, Ashwini et al., 2011).
Negative significant estimates of K3 for DA and DS indicate
presence of duplicate gene interaction. For NBE negative
K3 and leptokurtic distribution, illustrated involvement of
few numbers of dominant genes with increasing effect
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in inheritance of NBE and K3 significantly deviates from
zero indicating presence of duplicate gene interaction in
the inheritance of NBE. Positive estimates of K 3 and
leptokurtic distribution indicates involvement of few
number of segregating genes with majority of having
decreasing effect in the inheritance of E/P, EL, ED, KR/
E and K/R. K3 is significantly deviated from zero indicating
the presence of complementary gene interaction and
further substantiated by significant positive estimates of
K4 for E/P, EL, ED, KR/E and K/R. For inheritance of TW
and GY/P complementary interaction is reported as K3 was
positive and significant. For rest of traits non-significant
estimates indicates absence of gene interaction. If K3 is
greater (positive) or smaller (negative) than zero indicates
presence of complimentary and duplicate interaction,
respectively. Positive estimates of K4 indicates presence
whereas, either negative or near to zero estimates indicate
absence of gene interaction (Pooni et al., 1977; Choo and
Reinbergs, 1982; Kotch et al., 1992).
Genetic gain will be rapid under mild selection from
the existing variability for traits that shows negatively
skewed distribution whereas, traits with positively skewed
distribution requires intense selection (Roy, 2000). For
maximization of genetic gain for DA, DS and NBE mild
selection can be employed, whereas for E/P, EL, ED, KR/
E, K/R, TW and GY/P intense selection is required.

Conclusion
Variability for agronomical as well as adaptive traits are
essentially required for yield improvement as well for
extending and sustaining maize cultivation in diverse
climatic conditions. However, domestication bottleneck
accelerated the loss of many desirable and adaptive
variations during the domestication and selective artificial
breeding under favourable environments. Wild relatives of
maize grow naturally having low artificial selective
pressure and therefore maintain wide range of variation,
particularly for adaptation to biotic and abiotic stresses,
which has immense potential as donor to enhance and
strengthen the maize allelic diversity. In the investigation,
protogynous behavior, short ASI, prolificacy, and wide
range of variability for various quantitative traits in 169
BC1F5 lines are important outcome, which indicates allelic
introgression from teosinte followed by recombination as
well allelic interaction leading to altered expression of
characters. Thus, teosinte can be used successfully in

breeding programme for diversification of maize
germplasm.
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Productivity, silage traits and nutrients uptake in maize genotypes under
middle Gujarat agro-climatic conditions
Digvijay Singh · Vinod Uikey · Alka Choudhary

Abstract: Maize is an important crop cultivated for green
fodder and silage purpose by dairy farmers in India.
Present study was undertaken with the main objective to
identify most suitable maize genotypes for silage
production for middle Gujarat areas. A field experiment
was undertaken during two consecutive seasons of kharif
and rabi 2017-18 at fodder demonstration unit (FDU) of
National Dairy Development Board, Anand (Gujarat) to
evaluate the performance of 10 maize genotypes viz.
Narmada Moti, PMC-6, P-3396, PHM-3, PMH-1, VH-45,
VH-53, HQPM-1, HQPM-4 and IIMR-1502. The
experiment was laid out in randomized block design with
three replications and crop was harvested during dough
stage at an optimum dry matter content (35 per cent)
needed for ensiling. The result of pooled data of two
seasons revealed significant differences among maize
genotypes for green fodder yield (GFY), dry matter yield
(DMY) and crude protein yield (CPY). National check
fodder maize composite PMC-6 (40.54 t ha-1) statistically
at par with HQPM-4 (39.35 t ha-1) recorded significantly
higher GFY than remaining genotypes. Significantly higher
DMY (9.43 t ha -1) and CPY (0.89 t ha -1) were also
recorded in PMC-6. Significant differences were observed
for silage quality traits in maize genotypes and mean pH,
dry matter, crude protein and oBrix content varied between
3.82-4.33 per cent, 22.84-29.67 per cent, 7.13-9.29 per
cent and 9.16-11.84 per cent, respectively. Significant
differences were observed for nutrients content in
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genotypes and hybrid HQPM-1 recorded higher N (1.49
per cent), P (0.26 per cent), K (1.0 per cent) and S (0.13
per cent) content in silage. Maize composite PMC-6
significantly recorded higher uptake for nutrients P2O5
(44.49 kg ha-1), K2O (94.63 kg ha-1), Ca (25.05 kg ha-1),
Cu (62.20 g ha-1) and Mn (393.19 g ha-1) whereas, uptake
for nutrients N (124.89 kg ha-1), Mg (29.48 kg ha-1) and
Zn (357.34 g ha -1) was found significantly higher in
IIMR-1502 hybrid. In this study, performances of two
genotypes viz. PMC-6 and HQPM-4 were found best for
higher green fodder, dry matter, crude protein yields and
silage quality traits.
Keywords: Fodder yield · Maize genotype · Nutrients
uptake · Proximate · Silage

Introduction
Maize (Zea mays L.) is being grown in tropics, sub-tropics
and temperate regions up to 50oN and S from the equator
to more than 3000 metres above sea level (Patel et al.,
2014). Maize has the versatility to be used as food, feed,
fodder and raw material of over three thousand industrial
products. Maize with its wide adaptability is cultivated
throughout the country during all the three seasons in India
with an average area under maize cultivation around 9.2
million ha producing 23.3 million metric tons (MT) grains
of which around 60 per cent of production being is used
as feed, 14 per cent for industrial purposes, 13 per cent
directly as food, 7 per cent as processed food and around
6 per cent for export and other purposes (Rakshit and
Karjagi, 2018). However, in India, maize is also grown
exclusively as a green fodder crop in 0.9 million ha land
(Pandey and Roy, 2011). Presently there is a chronic
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shortage of green fodder and therefore, maize cultivated
exclusively as a green fodder or silage crop may play
critical role in filling the wide gap between demand and
supply of quality green fodder for large livestock
population in the country. Maize silage is the important
forage and major energy source in dairy cattle rations both
in Europe and North America (Ettle and Schwarz, 2003).
The preservation of green fodder as silage is an anaerobic
fermentative process, which converts soluble
carbohydrates of the plant into organic acids by microbial
activity. The silage quality depends on the efficiency of
this process and the conditions that determine it, such as
humidity, temperature, presence of oxygen, concentration
of soluble carbohydrates and productive characteristics of
the plant silage (Neumann, 2001).
There are several factors that affect yield and quality
of silage production but selection of maize genotype
(composite or hybrid) for cultivation is the most important
factor due to genetics. Different types of maize genotypes
cultivated for fodder, grain and vegetable purpose,
developed by public sector institutes and private seed
companies, are being used by farmers for silage making
(ensiling) purpose. Maize dry matter yield and its nutritive
value are influenced by numerous interactions including
genetic factors (Graybill et al., 1991). The information
regarding the performance of different kinds of maize
genotypes (composites or hybrids) for fodder yield,
nutrients content and silage quality traits under middle
Gujarat agro-climatic conditions is, however, limited.
Therefore, this present study was undertaken with the
objectives to find out the most suitable maize genotypes
for silage making.

Materials and methods
A field experiment was undertaken during two seasons i.e.
kharif 2017 and rabi 2017-18 at fodder demonstration unit
(FDU) of National Dairy Development Board, Anand
(Gujarat) situated at 22°33' N latitude and 72°57' E
longitude at an elevation of 41 meter above mean sea level.
The soil of the experimental site was loamy sand in texture
having good drainage facility with EC (0.24 dS m–1), pH
(8.27), total nitrogen (886.00 kg ha–1), high available
phosphorus (85.87 kg ha–1) and available potash (130.00
kg ha–1). The soil contained DTPA-extractable Fe (13.61
ppm), Mn (16.44 ppm), Zn (3.28 ppm), available S (26.64
ppm) and Cu (1.97 ppm). During kharif season, crop was
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sown on 25th June, 2017 and harvested on 11th September,
2017 and during rabi season, crop was sown on 13 th
October, 2017 and harvested on 12 th Jan, 2018. The
experiment was laid out in randomized block design (RBD)
with three replications consisting of ten maize genotypes
that included 2 composites viz. Pratap Makka Chari-6
(PMC 6) and Narmada Moti (NM) and 8 hybrids viz. P3396, High Quality Protein Maize-1 (HQPM-1), High
Quality Protein Maize-4 (HQPM-4), VH-45, VH-53, Punjab
Maize Hybrid-1 (PMH-1), Pratap Hybrid Maize-3 (PHM3), and IIMR-1502. Among maize genotypes, PMC-6 was
considered to be national check (NC) for comparative
analysis.
The total plot size was 5.0 m × 4.0 m with net plot
area of 3.80 m × 2.80 m = 10.64 m2 at harvest. The crop
was sown with a seed rate of 20 kg ha-1 at 60 cm × 20
cm spacing. After sowing, the plots were immediately
irrigated for proper germination. All agronomic practices
like irrigation, hoeing, weeding, inter culturing etc. were
carried out similar for all plots to exploit full potential of
the tested genotypes. Each plot was manured and fertilized
at the rate of 250 kg castor cake, 150 kg N, 40 kg P2O5
and 60 kg K2O ha-1. One-third dose of nitrogen and full
dose of phosphorus and potassium in the form of
ammonium sulphate, single super phosphate and murate
of potash were applied as basal. To control weeds,
atrazine herbicide was applied as pre-emergence @ 0.75
kg a.i. ha-1 followed by hand weeding and earthing up
operation at 25-30 days after sowing. Remaining nitrogen
fertilizer was top dressed in two equal doses at 30 & 45
days after sowing in maize rows as band placement.
Insect’s population were kept in check by tank spray of
imidacloprid 17.8 SL @ 5 ml 15 litre–1 of water at 20 days
stage, whorl application of phorate 10 G @ 12 kg ha–1 at
30 days stage followed by chlorpyrifos 50 per cent EC +
cypermethrin 5 per cent EC @ 1 ml litre–1 of water at 45
days stage.
Growth attributes and fodder yields were measured
when crop reached at dough stage during both the seasons
to get the optimum dry matter content needed for silage
making process (ensiling). Growth data was recorded
from six randomly selected plants at two randomly
selected spots of 3.8 metre row length. After harvest,
growth parameters, brix and fodder yield of every
treatment was determined. Total soluble sugar (oBrix)
content in fresh maize stalks were recorded by using hand
refractometer. 300 gram chopped representative fodder
samples were dried in oven separately at 75°C to achieve
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constant weight for dry matter content (%). The dry
matter yield of crop was calculated on the basis of oven
dry weight. Green fodder was chopped by using 2 HP
power chaffcutter to 2-3 cm length for ensiling. Well
mixed chopped fodder was tightly filled, compacted and
sealed manually in air tight plastic containers of 8 kg
capacity for ensiling. After 45 days of ensiling period,
sealed containers were opened and chemical analysis of
silage samples were done for pH, proximate parameters,
macro and micro minerals content.
Proximate analysis of silage samples was carried out
following the standard laboratory procedures
recommended by AOAC (2012). Amount of nitrogen (N)
and crude protein content was estimated by using ISO
5983-2 (2005). Minerals content were determined
according to Inductively Coupled Plasma-Optical
Emission Spectroscopy (ICP-OES), Perkin Elmer,
OPTIMA-8000. Two season’s data for growth, yield,
proximate and nutrients content was pooled and
statistically analysed by ANOVA (analysis of variance) as
method given by Sheron et al. (1998). Where ‘F’ test was
significant, critical difference (CD) was worked out at 5
per cent level of probability (P = 0.05).
Results and discussion
Growth parameters
Pooled analysis indicated significant differences for growth

parameters in maize genotypes except stalk girth (Table
1). Fodder type composite PMC-6 recorded significantly
higher plant height (232.65 cm) in comparison to rest of
the maize genotypes. Among hybrids, plant height in PHM3 was found to be significantly higher (203.45 cm) than
HQPM-1, VH-45, VH-53 and IIMR-1502 hybrids but at
par with PMH-1 and P-3396. Differences were found to
be non-significant among genotypes for stalk girth that
varied between 5.47 to 6.17 cm.
Maize hybrid PHM-3 (12.83) at par with P-3396 and
HQPM-4 recorded significantly higher number of leaves
plant-1 in comparison to rest of the maize genotypes. At
harvest, green cob weight plant -1 was found to be
significantly higher in Narmada Moti (0.37 kg). However,
cob to plant ratio was recorded significantly higher in P3396 (0.49) but at par with VH-45, VH-53, IIMR-1502
and PHM-3.
Yield
Statistical differences were found to be significant for
green fodder yield (GFY), dry matter yield (DMY) and
crude protein yield (CPY) between maize genotypes (Table
1). National check fodder maize composite PMC-6 (40.54
t ha-1) statistically at par with HQPM-4 (39.35 t ha-1)
recorded significantly higher GFY than remaining
genotypes. Among all maize genotypes, PMC-6 was found
superior in terms of plant height, which may have
contributed to its highest GFY. Maize hybrid HQPM-4 at

Table 1. Influence of genotypes on growth and yield of maize crop. (Pooled means of two seasons)
Treatments

Plant height
(cm)

Stalk girth
(cm)

Number of
leaves
plant-1

Green cob
yield plant-1
(kg)

Cob : Plant
ratio at
harvest

NM

197.98

5.73

10.38

0.37

0.41

23.24

6.98

0.49

PMC-6 (NC)

232.65

5.94

11.72

0.26

0.36

40.54

9.43

0.89

P-3396

187.58

5.67

12.38

0.30

0.49

35.55

8.70

0.72

HQPM-1

176.22

6.17

11.08

0.24

0.40

32.59

7.25

0.51

HQPM-4

194.52

5.86

12.25

0.28

0.40

39.35

9.38

0.84

VH-45

132.78

5.58

9.50

0.19

0.48

19.79

5.30

0.28

VH-53

126.93

5.67

9.48

0.20

0.46

21.36

5.85

0.31

PMH-1

200.78

5.47

12.12

0.25

0.37

32.22

7.39

0.51

PHM-3

203.45

5.47

12.83

0.26

0.43

31.06

7.66

0.57

IIMR-1502

166.93

5.64

11.32

0.23

0.44

30.71

8.94

0.79

SEm+

6.04

0.22

0.22

0.02

0.02

1.57

0.43

0.03

CD (P <0.05)

18.11

NS

0.65

0.06

0.06

4.70

1.27

0.09

NC: National Check

Green
Dry matter
fodder yield
yield
(t ha-1)
(t ha-1)

Crude protein
yield
(t ha-1)
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par with P-3396 (35.55 t ha-1) also recorded significantly
higher GFY than remaining genotypes. More number of
leaves plant-1, stalk girth and cob weight at harvest may
have contributed to higher GFY in these genotypes.
Statistical differences for DMY were found significant and
PMC-6 (9.43 t ha-1) at par with HQPM-4, IIMR-1502 and
P-3396 recorded higher DMY than remaining genotypes.
Maize composite PMC-6 (0.89 t ha-1) at par with HQPM4 (0.84 t ha -1) recorded significantly higher CPY in
comparison to other genotypes (Table 1).
Silage quality traits
The silage quality traits of maize genotypes are depicted
in Table 2. Significant differences were observed among
maize genotypes for quality traits in silage for dry matter
(DM), crude protein (CP), oBrix and pH. DM content was
recorded significantly higher in IIMR-1502 (29.67 per
cent) but at par with VH-45 and VH-53 hybrids. HQPM1 statistically at par with IIMR-1502 recorded higher CP
content than other maize genotypes. Among maize
genotypes mean DM and CP content in silage ranged
between 22.84-29.67 per cent and 7.13-9.29 per cent,
respectively. Total soluble solids (TSS) or oBrix represents
the percentage by mass of total soluble solids of a pure
aqueous sucrose solution (Pereira et al., 2013). Higher
o
Brix may indicate the availability of total soluble sugars
(sucrose, glucose and fructose) in green fodder for rapid

fermentation needed during ensiling process. Gourley and
Lusk (1977) proposed that if more soluble carbohydrates
are available than the 6 to 8 per cent required for
fermentation, the excess may be metabolized to CO2 and
water. They also stated that sweet sorghum silages are
generally inferior to intermediate and grain type silages in
terms of feeding value. oBrix was found statistically higher
in NM composite (11.84 per cent) but at par with PMC6, HQPM-1 and PHM-3. oBrix varied between 9.16-11.84
per cent among maize genotypes fresh stalk juices (Table
2). Our results are in close proximity with Pedersen et
al. (1983) who have reported significant differences
among sorghum hybrid over males and over female’s lines
for DM and Brix content that varied between 26.1-34.3
per cent and 6.2-14.7 per cent.
Lower pH in silage indicates higher content of lactic
acid as this acid is stronger than the other acids (acetic,
propionic and butyric) in silage and therefore is usually
responsible for the most drop in silage pH as reported by
Kung and Shaver (2001). HQPM-1 at par with six maize
genotypes recorded significantly lower pH (3.82) in silage
in comparison to VH-45, VH-53 and NM, three genotypes
that recorded pH above 4.0 (Table 2). Mean pH varied
from 3.82 to 4.33 in maize genotypes silage. Similar
results are in conformity with Chaudhary et al. (2016)
who reported pH less than 4.0 in silage samples of five
maize genotypes. Brar et al. (2019) also observed that pH
in 21 maize silage samples varied from 3.6 to 4.3. In this

Table 2. Influence of genotypes on silage quality traits of maize crop. (Pooled means of two seasons)
o

Brix per cent
in stalk juice
(%)

pH (As
such basis)
(%)

3.79

11.84

4.12

27.11

4.27

11.30

3.83

1.13

25.76

4.03

9.83

3.97

9.29

1.39

23.74

4.56

11.08

3.82

7.94

1.08

24.37

3.99

10.17

3.88

27.28

7.13

1.22

24.56

3.85

10.12

4.33

VH-53

28.11

7.55

1.49

24.44

4.37

9.44

4.32

PMH-1

24.06

8.63

1.60

24.68

4.45

9.16

3.93

PHM-3

25.39

8.58

1.86

21.16

4.08

10.67

3.87

IIMR-1502

29.67

8.73

1.89

23.39

4.40

9.55

3.95

SEm+

1.17

0.21

0.22

1.26

0.26

0.42

0.09

CD (P <0.05)

3.51

0.63

NS

NS

NS

1.27

0.27

Treatments

Dry matter
(%)

Crude protein
(%)

Ether extract
(%)

Crude fibre
(%)

Acid insoluble
Ash (Silica)
(%)

NM

25.56

7.62

1.45

23.06

PMC-6 (NC)

23.39

8.20

1.00

P-3396

24.78

8.01

HQPM-1

22.84

HQPM-4

24.33

VH-45

NC: National Check
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trial, non-significant differences were found amongst
maize genotypes for quality parameters viz. EE, CF and
AIA which varied between 1-1.89 per cent, 21.16-27.11
per cent and 3.79-4.56 per cent. Our results are in close
proximity with Datta et al. (2006) who observed nonsignificant variations in ether extract, crude fibre and total
ash content in ten genotypes of maize.
Nutrients concentration
Influence of genotypes on nutrients concentration in maize
silage is depicted in Table 3. Statistical differences were
found to be significant among genotypes for macronutrients viz. nitrogen (N), phosphorus (P), potassium (K),
calcium (Ca), magnesium (Mg) and sulphur (S) and micronutrient zinc (Zn). HQPM-1 recorded significantly highest
N (1.49 per cent) amongst all genotypes. P content was
recorded significantly higher (0.26 per cent) in HQPM-1
and VH-53 but at par with PHM-1 and PHM-3 genotypes.
Sulphur was found to be significantly higher (0.13 per
cent) in HQPM-1 and P-3396 but statistically at par with
VH-53 and IIMR-1502. P and S contents in maize silage
were found to be below recommended level (0.28-0.49
per cent and 0.20 per cent), respectively as per National
Research Council (1989). K content was found to be
significantly higher in HQPM-1 (1 per cent) but at par with
VH-45, VH-53 and NM. K concentrations in maize silage
were found to be within range for the normal requirement
of animals 0.80 per cent dry matter (ARC, 1980). Ca

content was observed significantly higher (0.27 per cent)
in NM and PMC-6 but at par with HQPM-4. Mg content
was found to be higher (0.49 per cent) in PMH-1 and
IIMR-1502 but at par with P-3396, HQPM-4 and PMC6. Ca concentrations were found to be below critical level
(0.30 per cent) in maize silage to meet the theoretical
requirements of 0.30 per cent dry matter Ca diet needed
for all forms of production in ruminants (ARC, 1980).
However, Mg concentrations were above critical level (0.2
per cent) in maize silage as per Kidambi et al. (1989) and
therefore meet the theoretical requirement of Mg for
lactating cows (National Research Council, 2001). VH45 at par with NM, VH-53, IIMR-1502 and HQPM-1
recorded significantly higher Zn (46.86 ppm) in
comparison to remaining genotypes. Tandon (2009) have
reported critical micro-nutrient level in plant dry matter
between 3-10, 15-20, 10-30 and 25-80 ppm for Cu, Zn,
Mn and Fe, respectively. In this trial, micro-nutrients
concentration in maize genotypes silage on dry matter
basis was also found to be well above the critical levels.
Cu, Zn, Mn and Fe concentration ranges (ppm) in 10
maize genotypes silage was recorded between 7.12-8.76,
27.12-58.20, 25.92-72.54 and 404.28- 678.60 ppm,
respectively by Vaswani et al. (2016).
Nutrients uptake
Nutrient uptake by a crop is an outcome of total dry matter
yield and its nutrient concentration. The pooled data

Table 3. Influence of genotypes on nutrients concentration in silage of maize crop. (Pooled means of two seasons)
Treatment

N
(%)

P
(%)

K
(%)

Ca
(%)

Mg
(%)

S
(%)

Cu
(ppm)

Zn
(ppm)

Mn
(ppm)

Fe
(ppm)

NM

1.22

0.18

0.92

0.27

0.43

0.11

6.11

44.98

42.73

392.04

PMC-6 (NC)

1.31

0.21

0.84

0.27

0.44

0.10

6.57

32.36

41.70

193.84

P-3396

1.29

0.18

0.84

0.24

0.47

0.13

5.64

31.67

38.08

228.04

HQPM-1

1.49

0.26

1.00

0.23

0.39

0.13

7.07

37.77

41.58

344.82

HQPM-4

1.27

0.18

0.80

0.25

0.46

0.11

6.02

34.08

30.27

233.05

VH-45

1.14

0.22

0.92

0.23

0.39

0.11

7.03

46.86

41.23

177.98

VH-53

1.21

0.26

0.92

0.21

0.38

0.12

5.12

42.21

34.61

271.73

PMH-1

1.38

0.24

0.75

0.22

0.49

0.11

6.21

33.76

33.69

183.17

PHM-3

1.38

0.25

0.79

0.20

0.36

0.11

5.38

32.28

38.99

172.26

IIMR-1502

1.34

0.19

0.87

0.24

0.49

0.12

5.97

39.50

41.01

196.75

SEm+

0.04

0.01

0.04

0.01

0.02

0.01

0.44

3.12

3.12

74.08

CD (P < 0.05)

0.11

0.31

0.13

0.03

0.06

0.01

NS

9.33

NS

NS

NC: National Check
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(kg ton -1 ) for dry matter production was found
significantly higher for HQPM-1 (14.86) but statistically
at par with IIMR-1502 (13.96). P2O5 requirements (5.98
kg ton-1) were similar for HQPM-1 and VH-53 hybrids but
significantly higher than other genotypes. HQPM-1 also
recorded significantly higher K2O requirement (11.94 kg
ton-1) for dry matter production. Ca, Mg and S nutrients
requirement were observed to be higher in NM, PMC-6
and HQPM-1, respectively. Maize genotypes NM, PMC6 and HQPM-1 needed 2.70, 24.43 and 1.30 kg of Ca,
Mg and S nutrients, respectively to produce a ton of dry
matter yield. However, non-significant differences were
observed among maize genotypes for micro-nutrients Cu,
Mn and Fe but significantly higher Zn requirement of
46.86 g ton-1 of dry matter production was recorded in
VH-45 but statistically at par with different genotypes viz.
NM, HQPM-1, VH-53 and IIMR-1502.

revealed significant differences among genotypes for
nutrients uptake viz. N, P2O5, K2O, Ca, Mg, S, Cu, Zn
and Mn (Table 4). Highest N uptake (124.89 kg ha-1) was
recorded for IIMR-1502, whereas, P2O5 uptake (44.49 kg
ha-1) and K2O uptake (94.63 kg ha-1) was found to be
significantly higher in PMC-6. Nutrients uptake for Ca
(25.05 kg ha -1), Cu (62.20 g ha -1) and Mn (393.19 g
ha-1) were also recorded significantly higher in PMC-6.
Higher nutrients uptake might have contributed to greater
GFY, DMY and CPY in national check composite PMC-6
in this study. Singh et al. (2015) reported that total macronutrients uptake by maize crop fertilized with 150 kg N
+ 60 P2O5 was 119.2 kg N ha-1, 58.43 kg P2O5 ha-1 and
105.65 kg K2O ha-1. S uptake (10.84 kg ha-1) was recorded
significantly higher in P-3396 but statistically at par with
HQPM-4 and IIMR-1502. Significantly higher uptake was
recorded in IIMR-1502 hybrid for nutrients Mg (29.48
kg ha-1) and Zn (357.34 g ha-1). Our findings are in close
proximity with Jain and Sharma (1993), who had reported
nutrients uptake of 27 kg Ca ha-1, 39 kg Mg ha-1 and 19
kg S ha-1 in maize crop.

Conclusion
Two season’s trial indicated superiority of national check
fodder type composite Pratap Makka Chari (PMC-6) over
many maize genotypes for green fodder, dry matter and
crude protein yields. Results showed superior genetics
potential in many maize genotypes for higher growth,
productivity and traits required for making good quality
silage at dough stage. In this trial, silage quality traits,
macro and micro nutrients concentrations in all maize
genotypes silage were recorded within critical limits except

Nutrients requirement
Influence of genotypes on nutrients requirement ton-1 of
dry matter production in maize crop is depicted in Table
5. Significant variations were observed among maize
genotypes for macro-nutrients (N, P2O5, K2O, Ca, Mg and
S) and micro-nutrient (Zn) requirements. N requirement

Table 4. Influence of genotypes on macro and micro nutrient uptake in maize crop. (Pooled)
Macro-nutrient uptake (kg ha -1)

Treatment

Micro-nutrient Uptake (g ha-1)

N

P 2O 5

K2O

Ca

Mg

S

Cu

Zn

Mn

Fe

NM

85.34

28.18

77.65

18.80

16.85

7.34

42.88

319.95

300.04

2714.04

PMC-6 (NC)

123.58

44.49

94.63

25.05

21.19

9.41

62.20

302.23

393.19

1855.28

P-3396

111.18

35.72

88.71

20.10

20.42

10.84

49.45

282.68

334.40

2103.03

HQPM-1

107.92

43.28

87.23

16.19

15.97

9.43

51.09

280.47

301.30

2570.38

HQPM-4

119.19

37.51

91.90

22.95

26.17

10.25

57.17

329.96

283.91

2287.96

VH-45

60.45

26.84

58.54

12.20

11.30

5.57

37.28

247.87

218.57

959.91

VH-53

70.47

34.42

66.60

11.43

11.83

6.90

30.12

275.20

200.07

1725.01

PMH-1

102.73

40.18

67.41

16.00

19.87

8.20

46.67

258.68

251.05

1476.56

PHM-3

105.76

43.39

72.55

14.75

17.14

8.06

41.19

252.33

295.52

1315.74

IIMR-1502

124.89

38.10

93.47

20.87

29.48

10.72

53.40

357.34

365.04

1762.34

SEm+

5.01

2.66

6.30

1.15

2.35

0.41

5.43

21.25

25.88

532.49

CD (P < 0.05)

15.02

7.97

18.85

3.43

7.02

1.21

16.28

63.62

77.49

NS

NC: National Check
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Table 5. Influence of genotypes on nutrients requirement for dry matter production in maize crop. (Pooled means of two seasons)
Macro-nutrient requirement (kg ton-1)

Treatment
Varieties

Micro-nutrient requirement (g ton-1)

N

P 2O 5

K 2O

Ca

Mg

S

Cu

Zn

Mn

Fe

NM

12.18

4.03

11.04

2.70

16.75

1.05

6.11

44.98

42.73

392.04

PMC-6 (NC)

13.12

4.72

10.08

2.65

24.43

1.00

6.57

32.36

41.70

193.84

P-3396

12.81

4.14

10.08

2.35

23.70

1.25

5.64

31.67

38.08

228.04

HQPM-1

14.86

5.98

11.94

2.25

15.84

1.30

7.07

37.77

41.58

344.82

HQPM-4

12.70

4.03

9.60

2.50

19.94

1.10

6.02

34.08

30.27

233.05

VH-45

11.40

5.06

11.04

2.30

12.97

1.05

7.03

46.86

41.23

177.98

VH-53

12.08

5.98

11.04

2.05

12.95

1.20

5.12

42.21

34.61

271.73

PMH-1

13.81

5.41

9.00

2.20

20.25

1.10

6.21

33.76

33.69

183.17

PHM-3

13.73

5.64

9.48

1.95

13.65

1.05

5.38

32.28

38.99

172.26

IIMR-1502

13.96

4.26

10.38

2.35

18.79

1.20

5.97

39.50

41.01

196.75

SEm+

0.34

0.24

0.51

0.11

2.10

0.04

0.44

3.12

3.12

74.08

CD (P < 0.05)

1.01

0.70

1.53

0.31

6.28

0.13

NS

9.32

NS

NS

NC: National Check

Ca, P and S. Hence, supplementation of Ca, P and S
nutrients from leguminous green fodder and mineral
mixture may be recommended in lactating cattle diet along
with maize silage feeding. Since the green fodder, dry
matter and crude protein yields of more than 39.0, 9.0
and 0.80 t ha -1 , respectively were recorded in two
genotypes PMC-6 and HQPM-4, therefore, these two
genotypes may be recommended for cultivation during
kharif and rabi seasons in the agro-climatic conditions of
central Gujarat for getting higher silage yields ha -1.
However, more studies may be conducted to identify
suitable genotypes for high yields and desirable traits for
ensiling.
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Adoption of maize fodder production technologies by smallholder dairy
farmers in Barnala District of Punjab
Suryendra Singh · P. S. Tanwar · H. K. Verma

Abstract: This study examined adoption of maize fodder
production technologies by smallholder dairy farmers
(having 5-7 animals) in Barnala district of Punjab. A preformulated questionnaire was used to collect data. Multistage sampling procedure was employed where a total of
100 smallholder dairy farmers were selected randomly.
Descriptive and inferential statistics were used for data
analysis. Dairy farmers’ adoption index indicated relatively
high scale adoption of HYVs (67.00 per cent) and seed
rate (57.00 per cent) by the majority of farmers. The
relatively low adopted production technologies by the
majority of farmers were plant protection (79.00) and
manuring and fertilizer application (68.00 per cent).
Irrigation (73.00 per cent) and weed (69.00 per cent)
management practices recorded majority on medium scale
basis. The study identified constraints which include high
cost of seed and other inputs. Tobit multivariate regression
model results indicated education and participation in
extension activities were significant (P<0.01) determining
factors influencing adoption of maize fodder production
technologies. Adoption of maize fodder production
technologies will be sustainable amongst smallholder dairy
farmers, if the constraints are overcome. Therefore, it is
recommended that the extension agencies give priority to
develop strategies and programmes for smallholder dairy
farmers especially for maize fodder production.

Introduction
Maize is the third important crop of India after rice and
wheat. Maize has tremendous genetic variability, which
enable it to grow in a wide range of climates extending
from tropical, sub-tropical to temperate (Rakshit and
Karjagi, 2018). Maize is a C4 plant which has adaptability
to climate change. It requires less water, implies that less
ground water consumption for production purpose and
produce more per acre per unit applied. Hence, it is
considered a potential crop for crop diversification
(Rakshit and Karjagi, 2018) in North-Western India, where
rice-wheat cropping system is predominant. Despite the
importance in crop diversification and as a fodder crop
with good quantity of biomass in North-Western India,
there are some constraints which hinder its popularity
among the farmers. The empirical evidence indicative of
smallholder dairy farmers’ adoption levels of the
recommended agronomic practices for maize fodder
production in Barnala district is scanty. Therefore, our
study was planned to evaluate the adoption of maize
fodder production practices by the smallholder dairy
farmers and what are the factors determine level of
adoption as well as constraints faced by these farmers in
this study area.
Conceptual framework of the study
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The decision for adoption of any new technology or
recommended practice(s) has been suggested to be based
on utility maximization (Rahm and Huffman, 1984). The
concept of utility maximization has been used as theoretical
or conceptual framework for adoption of many improved
agricultural technologies (Richard et al., 2013; Baido
Forson, 1999; Adesina and Baido Forson, 1995). The
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decision of a farmer to adopt improved or a new
technology is complex and can be modelled as consisting
of two mutually exclusive processes : first is to make
decision to adopt the technology, while the second is to
decide on the level, given that adoption has taken place.
Adoption index shows the extent and intensity of use of
a new or recommended technology. Farmer who adopts
one tenth or 1 per cent of a recommended practice is not
treated as the same as one that adopts such at 100 per
cent level, e.g. index for an i th farmer who applies
fertilizers: the fertilizer application consists of 3 practices;
if the farmer adopts 1 out of the 3 practices the farmer
index for fertilizer application practice is 1/3 = 0.33.
Accordingly, scores were arbitrarily scaled to arrive at
categorization of adoption, e.g. low, medium and high
(Tadesse, 2008; Maiangwa et al., 2007). The actual
adoption index score ranges from 0 to 1. Therefore,
adoption indices of the smallholder dairy farmers were
categorized into low adoption = 0.01–0.33; medium
adoption = 0.34–0.66; and high adoption = 0.67–1.0.
Adoption index of each dairy farmer which shows the
intensity of use of the recommended agronomic practices
was treated as continuous dependent variable.
Objectives of the study

19

activities and trainings organized by the Krishi Vigyan
Kendra, Barnala. In the second stage, four and five maize
fodder producing villages were randomly selected from
these two selected blocks to make a total of nine villages.
The third stage involved random selection of smallholder
dairy farmers. A total of 100 smallholder dairy farmers
were selected for the study. The data collected were
analysed using descriptive statistics such as frequency
counts and percentage as well as to bit multivariate
regression model using R software (version 3.6.1) to
access the factors influencing level of adoption of maize
fodder production technologies. Percentage ranking of
constraints was also used to identify major constraints in
adoption of recommended agronomic practices of maize
fodder.
Analytical techniques
Adoption index which shows to what extent a respondent
farmers has adopted the whole set of package of practices
was calculated using the following formula (adapted from
Tadesse, 2008). In order to identify the level of adoption
of maize fodder production technologies by smallholder
dairy farmers, adoption index of individual farmer was
calculated as follows. Adoption Index (AI)
n

The broad objective of the study was to examine adoption
of maize fodder production technologies/ practices by
smallholder dairy in Barnala district of Punjab. The specific
objectives were: to determine the levels of adoption of
maize fodder production technologies by smallholder dairy
farmers in the study area; to assess the factors influencing
farmers’ level of adoption of maize fodder production
technologies and to identify important constraints in
adoption of maize fodder production technologies by
smallholder dairy farmers in the study area.

AHi SRAi WAi IAi
FAi PPAi HAi
+
+
+
++
+
+
/Np
ATi
SRi
WRi IRi
FRi PPRi HRi

AIi =
i=1

Where,
i

= 1, 2, 3………n, and n= total number of dairy
farmers

Np = No. of practices
AIi = Adoption index of the ith dairy farmer
AHi = Area under HYV of maize fodder of the ith dairy
farmer

Materials and methods

ATi = Total fodder maize production area (HYV + local,
if any) of the ith dairy farmer

The study was conducted through a survey in two blocks
of district Barnala of Punjab by direct interview with
smallholder dairy farmers with the help of a preformulated questionnaire. A multi-stage sampling technique
was employed for the study. In the first stage, the study
was conducted in blocks viz., Barnala and Sehna were
purposively selected based on their production status of
maize fodder and exposure to frontline demonstrations

SRAi= Seed rate used by ith dairy farmer
SRi = Amount of seed recommended per unit of area
WAi = Number of herbicides application used by ith dairy
farmer
WRi = Recommended number of herbicides application
for improved maize fodder production
IAi = Number of irrigation applied by the ith dairy farmer
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IRi = Number of irrigation recommended for the maize
fodder crop
FAi = Amount of manure and fertilizer applied per unit
of area in the cultivation of HYV of maize fodder
of the ith dairy farmer
FRi = Amount of manure and fertilizer recommended
for application per unit of area in the cultivation
of HYV of maize fodder
PPAi = Number of plant protection measures used by ith
dairy farmer
PPRi = Recommended plant protection measures for
improved maize fodder production
HAi = Crop harvesting time (days after sowing)
followed by ith dairy farmer
HRi = Recommended crop harvesting time for improved
maize fodder production
Tobit multivariate regression model
Model specification
Tobit model in its simplest form is presented as
yi* = βxi +µi if RHS > 0 (i= 1, 2 ............n)
Figure 1. Distribution of 100
smallholder dairy farmers based on
adoption category of maize fodder
production technologies/ practices

yi* = 0 otherwise
Where, yi* captures the adoption indices of the smallholder
dairy farmers. Thus Tobit analysis of factors influencing
adoption of maize fodder production practices is specified
as:
yi = β0 + β1x1 + β2x2 + ............... βnxn
Where, x (s) are the independent socio-personal and
economic as well as institutional variables and β (s)
denotes parameters estimates.

Results and discussion
The results (Table 1 and Figure 1) revealed relatively high
level of adoption of HYVs (67.00 per cent) and seed rate
(57.00 per cent) practices by the adopters. The high level
of adoption of these technologies may be due to its higher
fodder production potentials. Besides, participation in
extension activities, frequent farm visits by scientists and
advisory services through mobile phones were the
probable reasons for higher adoption level in the study
area. The results are in agreement with (Chichongue,
2019; Singh and Singh, 2016; Sharma et al., 2015).
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Table 1. Distribution of smallholder dairy farmers based on adoption
index of maize fodder production technologies/ practices (n= 100)
Crop production
technologies

Adoption categories and
score range
Low
(0.01–0.33)

Medium
(0.34–0.66)

High
(0.67–1.00)

HYV

7

26

67

Seed rate

11

32

57

Manuring and fertilizers
application

68

11

21

Irrigation management

17

73

10

Weed management

23

69

8

Plant protection

79

6

15

Harvesting

26

54
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The results further showed that irrigation and weed
management practices were adopted on medium scale by
73.00 per cent and 69.00 per cent adopters respectively.
This implies a sub-optimal adoption level of irrigation and
weed management practices among dairy farmers in the
study area. The reason may be high cost of bed/ ridge
sowing and herbicides. The findings are in line with
(Suman, 2002) who reported partial adoption of irrigation
practices in fodder production technologies.
The adoption indices also revealed 68.00 per cent and
79.00 per cent adopters on relatively low scale adoption
of manuring and fertilizer application as well as plant
protection, respectively. The poor adoption of these
practices is traceable to inadequate technical skills and
labour intensive (Suman, 2002) reported for sub-optimal
adoption of fertilizer application while (Meena et al., 2011)
reported low adoption of disease and insect-pest
management practices. Harvesting practice was adopted
by a well above average proportion (54.00 per cent) on
medium adoption scale.
The results (Table 2) showed that estimated
coefficients for all the four variables included in the model,

education level (x2) and participation in extension activities
(x4) were found statistically significant. Participation in
extension activities was more likely to influence the
adoption of maize fodder production technologies. This
implies that, extension activities and advisory services to
the dairy farmers would increase the farmers’ confidence
to sustain the improved agronomic practices of maize
fodder production in the study area. This is in tune with
those of (Singh and Singh, 2016) who reported
participation in extension activities of farmers and contact
with the scientists equipped them in terms of technical
skills and detailed information required for the use of
recommended practices.
The data in (Table 3) revealed that 84.00 per cent of
the adopters were constrained by the high cost of seed
and pesticides and ranked first in the order of extent. In
addition, pest infestation was a constraint to 66.00 per
cent of the adopters to optimally comply with the
recommended practices. This situation was ranked second
in order of rank. The other problems are lack of training
and advisory services which come under the jurisdiction
of extension agencies (Mahadi et al., 2018). Also, 47.00
per cent adopters highlighted higher cost of bed/ ridge
sowing of maize as an important constraint in adoption
of maize fodder production technologies.
Table 3. Distribution of dairy farmers based on constraints in
adoption of maize fodder production practices
Constraints

Percent of
respondents*

Rank
order

High cost of seed and pesticides

84.00

1

Pest infestation

66.00

2

Lack of training and advisory services

53.00

3

High cost of bed/ ridge sowing

47.00

4

*Multiple Response

Table 2. Tobit estimates of factors influencing adoption of maize fodder production technologies
Variable

Estimate

Std. error

t value

Pr(> t)

Intercept

0.222298

0.139786

1.590

0.111774

Age (x1)

0.004163

0.005118

0.814

0.415922 NS

Education level (x2)

0.044429

0.007882

5.637

1.74e-08 ***

Herd size (x3)

-0.017660

0.012165

-1.452

0.146582 NS

Participation in extension activities (x4)

0.060039

0.016824

3.569

0.000359 ***

Log-likelihood

-16.15984

NS: Not significant, Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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Conclusion
Adoption level varied among the smallholder dairy farmers.
Maize fodder production technologies were not optimally
adopted viz., plant protection and manuring as well as
fertilizer application. Education and participation in
extension activities indicated a significant influence on the
level of adoption of maize fodder production technologies.
It can thus be concluded that adoption of maize fodder
production technologies by smallholder dairy farmers could
be sustained, if the constraints are overcome and extension
agencies give priority to develop strategies and programmes
for smallholder dairy farmers especially for maize fodder
production and to motivate them to make silage of surplus
maize fodder which can be used in lean period for year
round availability of quality fodder. This could lead to a
significant increase in the level of adoption of maize fodder
production practices thereby increasing maize fodder
productivity and production as well as area under maize
fodder in the study area.
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Identification and characterization of an extra early flowering maize (Zea
mays L.) accession: A potential germplasm source for developing early
maize cultivars
S. R. Pandravada1 · N. Sunil2 · J. C. Sekhar2 · N. Sivaraj1 · V. Kamala1 · B. Sarath Babu1

Abstract: A stable extra early maize (Zea mays L.) line,
derived from an accession (IC332069) with 36.7 days to
tasseling and 38.7 days to silking with an ASI of 2.0 days
was identified. On evaluation for three seasons from 201719 against eight check varieties, which included early
hybrids, composites and synthetics, it was found to be
significantly early and stable indicating fixed nature of the
trait in the accession. The morpho-agronomic characters
of this accession collected from Jharkhand, its potential
and importance as a source germplasm for developing
extra early and early maize cultivars are highlighted.
Keywords: Earliness · Germplasm · Landraces · Maize ·
Stability

Introduction
Maize (Zea mays L.) is one of the most important cereal
crops in the sub-continent and being the secondary centre
of diversity is bestowed with tremendous variation both
in terms of qualitative and quantitative traits and also for
sources of resistance to different biotic and abiotic
stresses (Prasanna, 2012). The centre of origin for maize
is the Central American region (Iltis and Doebely, 1980)
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and was introduced into India by the Portuguese during
the seventeenth century (Mangelsdorf, 1974). India with
92.2 lakh hectares area and 287.2 lakh tonnes production
accounted for 4.6 per cent of the world’s acreage and
2.0 per cent of production in maize during 2017
(faostat.fao.org). The important maize growing states in
India are Haryana, Himachal Pradesh, Punjab, Uttarakhand
and Uttar Pradesh in the northern region, Andhra Pradesh,
Karnataka and Tamil Nadu in the south, Madhya Pradesh
and Maharashtra in the central and Gujarat and Rajasthan
in the Western region respectively.
Maize is exclusively cultivated in Himachal Pradesh,
Bundelkand region, Rajasthan and North Eastern States for
food and fodder. Hence, landraces have very important
role as these have been subjected to selection by the
farmers to identify genotypes suitable for nutrition, fodder
and dual purposes, biotic and abiotic stress tolerance and
also the ones that fit in to their evolved cropping systems.
There is accumulation of very significant diversity in
several landraces due to selection pressure over a long
period of domestication and informal seed exchange. In
order to tap the inherent genetic diversity and resources
in maize for conservation and exploitation in breeding
programmes, a number of explorations were organized
throughout the country to collect the landrace variability
in maize. The national priority for exploration and
collection of maize genetic resources was also categorized
as medium (Mehra, 1981) given the significant amount
of accumulated genetic diversity in the crop. During the
period from 1976-2016, a total of 13,059 accessions of
indigenous maize germplasm were collected and conserved
from 30 states covering nearly 388 districts located in
eastern plains, north-east, peninsular region, western and
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central plains and western Himalayas (Pandey et al., 2015;
Pandravada et al., 2019).
Characterization and evaluation play a significant role
in identification of genetic diversity, promising accessions,
elite material and sources of resistance for utilization in
crop improvement programmes (Chapman, 1989). For
proper utilization of this vast genetic diversity, which
accumulated over a period of time, systematic
characterization and evaluation of germplasm and
identification of promising accessions are indispensable.
A number of landraces/ primitive cultivars have been
utilized either directly as a pure line selection for release
as a variety and/ or as a parent in maize improvement after
proper characterization and evaluation. In this regard,
ICAR-NBPGR in association with ICAR-IIMR and its
AICRP on Maize has over the years characterized and
evaluated a large number of maize germplasm (= 10,000
accessions) across the country and also identified
promising accessions for critical quantitative traits and also
sources for important biotic stresses (Bhag Singh et al.,
1995; Singh et al., 2006). The Indian maize germplasm
is especially noteworthy for its adaptation to tropical and
sub-tropical conditions (Mehra and Arora, 1982; Vasal and
Taba, 1988). The local landraces are generally medium
statured with early maturity, mostly free from pests and
diseases, resistant to moisture stress with high seed weight
and good taste (Pandravada et al., 2019). However,
accessions with earliness for tasseling and silking for
utilizing to develop inbred material for developing early
maturing varieties which is the need of the hour in view
of alarming climate change events impacting maize
cultivation and productivity on sustainable basis are yet
to be identified. Keeping this in view, while growing 206
accessions of maize germplasm collections with HIM-129,
Navjot and Prabhat as check varieties for detailed
characterization and evaluation for 35 qualitative and
quantitative descriptors at ICAR-NBPGR Regional Station,
Rajendranagar, Hyderabad, during 2003 season, an
interesting accession IC332069 with extra early trait was
observed. The days to tasseling (DTT) of the evaluated
germplasm ranged between 36-72 days and the days to
silking (DTS) varied between 40-82 days with IC332069
being the earliest with 36 and 40 days respectively
(Anonymous, 2003). To confirm the earliness, efforts
were made to characterize and evaluate this accession for
three seasons, the detailed results of which are discussed.
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Materials and methods
The maize germplasm accession IC332069 along with
eight check varieties viz. early maturing hybrids (Bio-605,
DKC-7074, Prakash and Vivek Hybrid), medium maturing
hybrids (DHM-117 and DHM-121), early maturing
composite (Early Composite) and medium maturing
synthetic (Varun) was sown in RBD with three replications
at ICAR-NBPGR Regional Station, Hyderabad during
kharif 2017-19 for detailed characterization and evaluation
especially for days to tasseling and days to silking. The
seed is sown in three metre rows of three each with a
row to row distance of 60 cm and plant to plant distance
of 30 cm were taken up for each accession in a
randomized block design (RBD) with three replications.
The agronomic operations in the experimental plots were
carried out based on the recommended package of
practices and suitable cultural practices were also followed
(Anonymous, 1996). The material was characterized/
evaluated for a total of 26 qualitative and quantitative
descriptors/ states developed by IBPGR and ICARNBPGR (IBPGR, 1991; Mahajan et al., 2000) to unravel
the inherent variability and potential. Standard statistical
procedures (Panse and Sukhatme, 1995) were followed
and analysis of CRBD data was done through WASP
statistical package (https://ccari.res.in/wasp2.0/reg1.php)
and stability analysis by Eberhart and Russel (1966) model
was carried out using Indostat statistical package.

Results and discussion
Extreme weather events such as drought, heavy rain fall
and flooding are detrimental for sustainable maize
cultivation and early varieties/ hybrids will be able to
complete the life cycle quickly escaping adverse climate
conditions. Hence, identification of stable extra early and
early accessions is very important in maize varietal
development for earliness. In India, maize is generally
cultivated as a rain-fed crop during the kharif season and
the time of sowing is very important for reaping sustainable
yields. However, in the era of climate change, sowing at
recommended time may not be possible all the time and
may have to be delayed. Due to delayed sowings, growing
medium and late maturing varieties would lead to increased
insect pest and disease incidence and also result in
affecting the next cropping season by decreasing the
window of cultivation. In such situations, extra early and
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early maturing varieties hold great promise as fields can
be vacated for the next crop especially for the rabi crops
mustard, potato, safflower and wheat etc. at least by
October. Early maturing maize cultivars are also ideal for
intercropping there by reducing competition for moisture,
light and nutrients as compared to late maturing varieties.
In addition, they provide flexibility in sowing dates,
enabling multiple plantings during a season to avoid risk
of losing a single crop due to drought and avoidance of
known terminal drought periods during the cropping
season. These advantages make the early maturing
cultivars more remunerative and less risky (Bhat, 2013).
Days to tasseling was the best flowering trait for
quantifying maturity and the extra-early lines are also
capable of producing the highest yields in the early as well
as late seasons (Oluwaranti et al., 2008). With the
shortening rainfall seasons, it becomes imperative to
develop early-maturing maize that can fit into the shorter
growing seasons (Cairns et al., 2013).
On evaluation of this extra early maize accession
(IC332069) during kharif 2017-19 against eight check
varieties, it was observed to be the earliest during all the
seasons and was found to be significantly different at CD
(0.05) and CD (0.01) (Table 1) with a mean 36.7 days to
tasseling and 38.7 days to silking with an ASI of 2.0 days
(Figure 1) indicating the stable genetic nature of the
character in the accession (Anonymous, 2019). The mean
DTT of eight check varieties ranged with a minimum of
51.3 days (Varun and Vivek Hybrid) and a maximum of
61.3 days (DHM-117 and DHM-121). The mean DTS of

eight check varieties ranged with a minimum of 52.7 days
(Vivek Hybrid) and a maximum of 62.6 days (DHM-121).
The ASI for the check varieties ranged with a minimum
of 0.3 days (Prakash) and a maximum of 4.0 days (Varun)
with 2.0 days for the early accession IC332069. The
superiority of extra early maize accession IC332069 in
terms of percent earliness over check varieties is given
in Table 2. The percent earliness for DTT ranged from
39.8 days (Varun and Vivek Hybrid) to 67.0 days (DHM117 and DHM-121) and for DTS it ranged from 28.7 days
(Early composite) to 61.8 days (DHM-121). The stability
of the trait was also assessed using the Eberhart and
Russel model (1966), which interprets the variance of
regression deviation as a measure of cultivar stability and
the liner regression coefficient (βi) as a measure of

Table 2. Superiority of extra early maize accession IC332069 in
terms of percent earliness over check varieties
Variety

Superiority of maize accession IC332069
in terms of percent earliness
Days to tasseling (%)

Days to silking (%)

Bio-605

44.4

40.3

DHM-117

67.0

60.9

DHM-121

67.0

61.8

DKC-7074

48.8

42.1

Early Composite

41.7

28.7

Prakash

44.4

37.7

Varun

39.8

42.9

Vivek Hybrid

39.8

36.2

Table 1. Mean flowering performance of extra early maize accession IC332069 for three seasons from 2017-19 in comparison to check
varieties
Year →

2017

2018

2019

Average

Average

Variety ↓

DTT

DTS

DTT

DTS

DTT

DTS

DTT

DTS

ASI

Bio-605

53.0

55.0

53.0

54.0

53.0

54.0

53.0

54.3

1.3

DHM-117

62.0

62.0

60.0

62.0

62.0

63.0

61.3

62.3

1.0

DHM-121

62.0

62.0

60.0

62.0

62.0

64.0

61.3

62.6

1.3

DKC-7074

55.0

55.0

54.0

55.0

55.0

55.0

54.6

55.0

0.4

Early Composite

52.0

54.0

52.0

54.0

52.0

55.0

52.0

54.3

2.3

Prakash

55.0

55.0

52.0

52.0

52.0

53.0

53.0

53.3

0.3

Varun

50.0

55.0

52.0

56.0

52.0

55.0

51.3

55.3

4.0

Vivek Hybrid

51.0

53.0

52.0

54.0

51.0

51.0

51.3

52.7

1.4

IC332069

37.0

40.0

37.0

39.0

36.0

37.0

36.7

38.7

2.0

CD (0.01)

1.96

0.67

1.864

1.5

2.07

1.72

CD (0.05)

1.42

0.50

1.353

1.0

1.50

1.25
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Figure 1. Extra early
maize accession
IC332069 flowering first
when compared to other
germplasm and checks
continuously during
kharif 2017-19 at ICARNBPGR Regional Station,
Rajendranagar, Hyderabad
location

environmental index. Accordingly, a stable genotype is one
which has above average desirable low/ high mean (µ>
X), a unit regression coefficient (βi=1) and no deviation
from linearity (S2di=0). The early flowering genotype
IC332069 recorded a regression coefficient (βi) of 3.21
both for DTT and DTS and a linearity value of 0.09 again
for both DTT and DTS indicating its stable response/
performance over environments in general and with
particular reference to optimum conditions (Table 3).
Changizi et al. (2014) studied the genotype x environment
interaction and stability of corn hybrids using different
models, including the above model and identified
genotypes adapted to favourable environments.
A pure line was subsequently developed from this
accession (IC332069) with the extra early trait intact and
the brief morpho-agronomic description is as follows:
Good early plant vigour, plant height 147.0 cm, nodal

anthocyanin green, stem thickness 1.8 cm, tassels with
medium texture and primary branches, leaves dark green,
erect, length 61.3 cm, width 5.2 cm and total leaves 8.7,
ears cylindrical-conical, 1/ plant, length 15.5 cm, width
3.5 cm with good husk cover, kernels yellow, irregular
with 12 rows, seeds small, round, 100 seed weight 23.1
g, stay green, days to tasseling 36.7, days to silking 38.7
with an ASI of 2.0 days (Table 4).
Flowering time in maize landraces can vary from 2
to 11 months (Kuleshov, 1933) and early-maturing (5060 days to flowering) maize germplasm that combines
drought tolerance and high yield potential is important to
increase maize production. Early-maturing germplasm may
also have the important adaptive traits especially resistance
against important biotic stresses (foliar diseases, leaf rust
and maize streak). Such germplasm has been developed
by the International Maize and Wheat Improvement Center

Table 3. Estimates of mean and stability parameters for days to tasseling and silking
Genotype

Mean (µ)

Regression coefficient (βi)

Deviation from Linearity (S2Di)

DTT

DTS

DTT

DTS

DTT

DTS

Bio-605

53.0

54.0

-0.32

-0.32

0.21

0.21

DHM-117

61.3

62.0

1.60

1.60

0.023

0.023

DHM-121

60.8

62.4

-0.64

-0.64

0.85

0.85

DKC-7074

54.8

55.0

0.00

0.00

0.00

0.00

Early Composite

51.4

54.0

-0.96

-0.96

0.59

0.59

Prakash

52.2

53.3

2.89

2.89

0.02

0.02

Varun

51.2

55.4

0.32

0.32

0.21

0.21

Vivek Hybrid

51.0

53.0

2.89

2.89

0.02

0.02

IC-332069

37.2

39.1

3.21

3.21

0.09

0.09

Population Mean (x)

52.55

54.24
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Table 4. Agro-morphological traits of extra early maize accession
IC332069
S.No.

Descriptor

Descriptor state

1

Early plant vigour

Good

2

Tassel texture

Medium

3

Tassel branching

Secondary

4

Leaf colour

Dark Green

5

Leaf orientation

Erect

6

Leaf length (cm)

61.3

7

Leaf width (cm)

5.2

8

Total leaves (no)

8.7

9

Nodal anthocyanin pigmentation

Absent

10

Stem thickness (cm)

1.8

11

Plant height (cm)

147.0

12

Ear shape

Cylindrical-conical

13

Ear length (cm)

15.5

14

Ear width (cm)

3.5

15

Ears/ plant (no)

1

16

Ear height (cm)

71.0

17

Husk cover

Good

18

Kernel row arrangement

Irregular

19

Kernel rows (no)

12.0

20

Kernel colour

Yellow

21

Grain shape

Round

22

Grain size

Small

23

100 seed weight (g)

23.1

24

Stay green

Green

25

Days to tasseling

36.7

26

Days to silking

38.7

27

ASI (days)

2.0

Figure 2. Place/ origin of
extra early maize accession
IC332069

(CIMMYT) through introgression of favourable alleles
associated with early maturity from various sources
(Pswarayi and Vivek 2008; Vivek et al., 2009 and Gasura
et al., 2013). Similar efforts at the International Institute
of Tropical Agriculture (IITA) have led to the development
of diverse early-maturing germplasm (Badu-Apraku et al.,
2013) as well.
While evaluating 1,122 accessions of maize
germplasm during 1992-93 seasons at ICAR-NBPGR
Regional Station, Hyderabad, the days to silking ranged
from 43 to 123 days (Bhag Singh et al., 1995). Adhikari
et al. (2015), in their study of maize material, concluded
that, flowering trait determine the grain yield. McCaw et
al. (2016), developed fast flowering mini maize (FFMM)
lines FFMM-A and FFMM-B derived from a four-way
cross involving early-flowering lines Neuffer’s Early ACR,
Alexander’s Early Synthetic, Tom Thumb Popcorn and
Gaspe Flint. The days to tasseling and silking of FFMMA and FFMM-B ranged from 34.0 and 34.0 and 35.0 and
36.0 respectively indicating their extra early nature. Mageto
et al. (2017), while characterizing 20 maize cultivars in
Kenya reported days to tasseling ranging from (58 to 63)
and days to silking (58.0 to 67.0) and also observed highly
significant general combining ability (GCA) and specific
combining ability (SCA). Patil et al. (2018), while
characterizing 19 accessions of maize landraces from
tribal pockets of Maharashtra reported days to tasseling
ranging from (42.8 to 58.2) and days to silking (48.0 to
58.0) respectively.
Struik et al. (1986), reported that anther dehiscence
and silking are determinants of kernel number and plant
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photo-assimilate supply. Mageto et al. (2017) also reported
good potential of early-maturing maize inbred lines
developed from diverse germplasm sources for breeding
under stress and non-stress conditions. These inbred lines
can be used to develop broad-based populations that can
be improved with respect to earliness through recurrent
selection. The narrow anthesis-silking interval (ASI) is also
a very useful trait to increase kernel numbers (Bolanos
and Edmeades, 1996 and Ribaut et al., 1996) in addition
to other morpho-physiological traits in maize.
This particular accession AKP7/ 25 (IC332069) was
collected from Chautha/ Bishunparh Village, Hazaribagh
District, Jharkhand (Figure 2). The extra early accession
could be exploited through testing for combining ability
by crossing with promising/ elite lines to develop heterotic
populations and prospective early maturing hybrids for
deployment under contingent or late sowing conditions.
The other traits of potential value in this accession include,
days to silking, ASI, plant height, kernel rows and seed
weight as well.

Conclusion
This accession assumes importance in the wake of Plant
Variety Protection as a parental material for crossing
programme, wherein uniqueness and distinctiveness has
to be brought in to the phenotypic/ morphological traits
of varieties for differentiation between varieties already
released and proposed for release. This accession can also
be used as an inbred line for developing new varieties with
extra earliness as a trait for distinctiveness, uniformity and
stability. There are a total of 105 accessions of maize
Registered under ICAR/ NBPGR (www.nbpgr.ernet.in/
inventory of Registered Crop Germplasm/ reports) and 398
Maize Varieties/ Hybrids released in India (https://
iimr.icar.gov.in) and none of them have this trait of extra
earliness in the phenotype. This accession can be grown
in all maize cultivating areas by adapting the local
recommended package of practices.
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Endosperm modifiers mediated expression of prolaim-like fraction and its
role in vitreous kernel development in maize
Mehak Sethi1 · Dharam Paul Chaudhary2 · Charanjeet Kaur1

Abstract: Maize kernel texture and protein quality are
known to be inversely related to each other. Vitreous kernel
texture of maize endosperm is defined by regular starch
protein matrix. Zein is the protein fraction which is solely
responsible for vitreous kernel texture. Considering protein
quality the endosperm protein are broadly classified as
nutritionally poor zein (prolamin and prolamin-like) and
nutritionally rich non-zein (albumin, globulin, glutelin-like
and glutelin). It is well established that protein quality is
immensely increased in opaque-2 mutants due to increase
in non-zein fractions over zein, whereas in QPM both
protein quality and kernel texture is retained due to
introgression of opaque-2 gene along with endosperm
modifiers. The present study was planned to analyse the
translational response of endosperm modifiers in QPM,
incomparison to normal and opaque-2 counterparts. The
results revealed that among different protein fractions viz:
albumin, globulin, prolamin, prolamin-like, glutelin-like and
glutelin only prolamin-like fraction was found to be
retained maximally in QPM lines (14.91 per cent) in
comparison to opaque-2 (11.76 per cent) and normal
(11.88 per cent) lines. Along with it 27 KDa gamma zein
was found to be the major prolamin like protein involved
in retrieving vitreous kernel texture in QPM background.
Overall present study benefits with fact that the significant
difference in prolamin-like fraction among normal and
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QPM lines can be used as a quick marker to analyse
visually indistinguishable high and low protein quality lines.
Although certain overlapping values of prolamin-like
content among normal and QPM suggests that prolaminlike content should be analysed on large sample set
consisting diverse panel of normal and QPM lines to
establish its role as stable biochemical marker.
Keywords: Endosperm · Expression · Fraction · Maize ·
Mediated · Modifiers · Prolaim-like · Vitreous

Introduction
Maize is a major cereal crop widely utilized for feed and
human nutrition, worldwide. Maize grain consists of four
major physical structures: endosperm, germ (embryo) and
outer seed coat (pericarp) and the tip cap (dead tissue
found where the kernel joins the cob). Endosperm
constitutes 80-85 per cent, followed by germ which
constitutes 9-10 per cent and pericarp (5-6 per cent) of
maize kernel (Figure 1). Endosperm is composed of 70
per cent starch and 8-10 per cent protein and relatively
low fat content (Prasanna et al., 2001; Li et al., 2014).
The endosperm accounts for 80 per cent of total
kernel protein, whereas germ contributes 15-20 per cent
of total kernel protein. The protein composition of germ
is superior and better balanced as compared to endosperm
which is devoid of essential amino acids particularly lysine
and tryptophan (Vasal, 2000). Endosperm has poor protein
quality due to accumulation zein proteins which are
essential for vitreous kernel development in maize. Maize
kernel texture is a key agronomic trait because it provides
resistance to damage during harvesting and marketing, as
well as to insect and fungal damage. Maize endosperm
usually has vitreous region at periphery and central opaque
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region in a mature kernel (Gibbon and Larkins, 2005). The
vitreous outer region of the maize kernel contains much
more zeins than the opaque central region.
The zein proteins in the mature vitreous kernel are
present in form of protein bodies with ordered arrangement
of α- and δ-zeins in the central region, whereas γ- and
β-zeins forms the periphery of protein bodies (Lending
and Larkins, 1989). These zein protein bodies form a
regular matrix with starch which is important for vitreous
kernel texture. Although zein is important for vitreous
kernel texture but it lacks two essential amino acids lysine
and tryptophan which decreases the overall protein quality
of maize (Sofi et al., 2009). Discovery of opaque-2
mutant improves maize endosperm protein quality by
decreasing nutritionally poor zein which subsequently
increases nutritionally rich non-zein fractions, but its
associated pleotropic effect (chalky, opaque kernel)
discarded opaque-2 mutants from the breeding program.
Later, hard endosperm opaque-2 mutants were developed
known as of quality protein maize (QPM) which retains
high nutritional quality and hard endosperm texture. The
hint of generating QPM was born due to appearance of
partially hard endosperm during process of converting
normal maize to o2 version (Paez et al., 1969). Therefore
research focus turned towards identification of endosperm
modifier genes (mo2) which alter chalky and soft texture
of endosperm while still maintain the nutritional quality of
maize as of o2 mutants.
The development of maize seeds is a highly
orchestrated process. Regulatory constraints on
endosperm development and storage protein accumulation
in normal, opaque-2 and QPM lines can give insight into
expression profile of different maize types. Although a lot
of information is available regarding QPM breeding
program and role of endosperm modifiers in vitreous
texture development of QPM (Holding, 2014; Holding,
2008) but intricate association between vitreous kernel
development and expression of different protein types is
not well established. Present study is planned to describe
the role of particular protein fraction in vitreous kernel
development of QPM lines that can be further exploited
as biochemical marker to screen developing QPM lines.
Materials and methods
Experimental material
Genetically pure seeds of a diverse panel of inbred lines
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consisting of ten lines of each normal, opaque-2 and QPM
lines were used for the present study. These lines were
procured from Indian Institute of Maize Research,
Ludhiana. The experimental material was grown in the field
in a plot size of 21m2, with row length of 3 meters at the
experimental fields of Indian Institute of Maize Research,
Ludhiana, during kharif 2017.
Sample collection and screening
Self-pollinated ears (minimum of 8) from each accession
were collected towards maturity. Equal number of kernels
were pooled from four ears of each lines to overcome
biological variation. A minimum of three technical replicates
were used for each experiment.
Further, samples were screened using light box
(Bjarnason and Vasal, 1992) and modification score was
assigned to each line with normal lines showing 0 per cent
opaqueness (MS-1), opaque-2 lines showing 75 per cent
to 100 per cent opaqueness (MS-4,5) whereas QPM have
25 per cent to 75 per cent opaqueness (MS-2,3) as
depicted in Table 1.
Sample preparation
Endosperm was extracted from the polled samples of
different accessions and fine grounded using Wiley Mill
grinder. Grounded samples were subjected to defatting for
36 hours using petroleum ether (40-60oC). Samples were
air dried and stored for further analysis.
Zein and non-zein extraction
Total protein can be separated into two broad fractions
including zeins and non-zeins which were separated as per
method described by (Chen et al., 2013). Defatted
samples (sec 2.3) were subjected to total protein
extraction by using buffer containing 12.5mM sodium
borate (pH 10.0), 1 per cent SDS and 2 per cent βmercaptoethanol. To fractionate zein proteins from total
protein extract 700 µl ethanol and 1 per cent reducing
agent (PMSF) was added to protein extract. The
supernatant collected after centrifugation represented the
zein fraction and pellet as non zein fraction. Non-zein
fraction was re-suspended in 200ul sample buffer
(12.5mM sodium borate, 1 per cent SDS, 1 per cent
CHAPS).
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Table 1. Zein, Non-Zein and Prolamin-like content (%) in normal, opaque-2 and QPM lines.
Genotype

Accession No.

Modification
Score

Zein
(%)

Non-Zein
(%)

Prolamin-like fraction
(%)

Normal

DML 1027

1

52.53±0.01

40.14±0.06

12.87±0.04

DML 1029

1

52.66±0.18

42.44±0.12

11.43±0.03

DML 1105

1

53.42±0.16

39.88±0.14

12.56±0.01

DML 1112

1

55.31±0.09

35.87±0.13

12.98±0.02

DML 1117

1

54.48±0.11

37.86±0.11

12.76±0.03

DML 1169

1

52.53±0.13

39.99±0.18

13.11±0.03

DML 1204

1

56.78±0.16

34.35±0.17

13.98±0.02

DML 1250

1

55.98±0.08

32.67±0.19

11.32±0.02

DML 1265

1

54.74±0.12

37.54±0.12

11.76±0.02

DML 1328

1

Mean
Opaque-2

35.44±0.15

10.54±0.03

37.62±0.11

12.32±0.13

DQL 2011

4

20.46±0.21

75.84±0.14

10.76±0.01

DQL 2018

5

18.97±0.26

77.46±0.11

10.54±0.03

DQL 2024

4

19.55±0.16

76.46±0.18

12.61±0.01

DQL 2030

4

19.76±0.14

75.55±0.19

12.47±0.01

DQL 2034

4

21.46±0.11

74.24±0.15

12.59±0.03

DQL 2040

4

25.45±0.15

70.11±0.13

11.45±0.02

DQL 2063

5

22.45±0.09

71.41±0.17

11.65±0.03

DQL 2064-1-1

5

21.56±0.13

72.55±0.16

10.76±0.01

DQL 2077

4

22.44±0.46

72.01±0.15

10.54±0.03

DQL 2104-1

4

24.44±0.45

70.44±0.14

12.7±0.01

21.65±0.24

73.61±0.11

11.61±0.14

Mean
QPM

55.88±0.15
54.42±0.15

DQL 2014

3

25.44±0.11

70.15±0.11

14.15±0.02

DQL 2020

3

27.89±0.18

68.01±0.15

16.45±0.03

DQL 2031-1

3

28.99±0.16

66.78±0.13

16.86±0.04

DQL 2032

2

26.42±0.17

67.44±0.19

16.12 ± 0.03

DQL 2057-1

3

29.21±0.09

65.43±0.16

14.32 ± 0.02

DQL 2169

3

25.89±0.17

70.99±0.15

13.46 ± 0.03

DQL 2180

2

28.86±0.19

66.14±0.11

18.44 ± 0.02

DQL 2186

3

26.98±0.12

67.42±0.13

13.25 ± 0.02

DQL 2230-1

3

27.43±0.11

66.15±0.18

16.95 ± 0.03

DQL 2246

3

29.91±0.16

64.77±0.14

16.56 ± 0.04

27.69±0.11

67.32±0.13

15.65±0.13

Mean

*Values are mean ± SD of three replicates, values for zein, non-zein and prolamin-like protein are expressed as protein percentage with
respect to total protein content.

Prolamin-like protein extraction
Prolamin-like extraction was followed up by Landry and
Mourex (1970) method of protein fraction with certain
modifications. Based on the solubility characteristics, maize
endosperm proteins are broadly classified into five

fractions including water soluble (albumins), salt soluble
(globulins), alcohol soluble (prolamin, prolamin-like), and
alkali soluble (glutelins, glutelin-like) and residue (insoluble)
proteins. Defatted samples (2g) were used for separating
different protein fractions. Firstly albumin (10ml water)
was extracted followed by globulin (0.5M NaCl) and
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prolamin (70 per cent isopropanol) fraction, after that
prolamin-like fraction was extracted using Isopopanol, 70
per cent + 2-mercaptoethanol 0.6 per cent (v/v).
Estimation of zein, non-zein and prolamin-like content
Zein, non-zein and prolamin-like fractions were extracted
as mentioned in above sections 2.4, 2.5 were subjected
to protein estimation by micro-kjeldahl method (AOAC,
1975). Protein concentration of above mentioned fractions
was estimated by considering total protein percentage as
100 per cent.
Statistical analysis
Repeated measure analysis of descriptive statistics, and
analysis of variance (ANOVA) among different
experimental genotypes at different stages of kernel
development was done using SPSS software.
SDS-PAGE analysis of extracted zeins
Zein fraction isolated (sec 2.4) was dried in concentrator
and then suspended in 200 µl IPG solution buffer (8mol/
lurea, 2 per cent CHAPS). Protein quantification was done
by lowry’s method (Lowry et al., 1951) and estimated
protein was subjected to SDS-PAGE analysis as per
method described by (Walker, 1996).
Results and discussion
Protein fraction is broadly classified as nutritionally poor
zein and nutritionally rich non-zein. In presented study
protein were fractionated on the basis of solubility. The
content of zein, non-zein and prolamin-like fraction is
described in Table 1. Results reveals that normal line retain
maximum amount of zein content (54.42 per cent),
followed by QPM and opaque-2 lines having 27.65 per
cent and 21.65 per cent zein content respectively. As it is
already described that zein and non-zein proteins are
alternatively accumulated in the developing maize
endosperm (Prasanna et al 2001), same was observed
from the present study where opaque-2 mutants show
maximum amount of non-zein content (73.61 per cent),
QPM have intermediate (67.32 per cent), whereas normal
lines retained minimal non-zein content (37.62), as in
Figure 1. Total protein analysed by adding zein and non-

Figure 1. Comparison of zein, non-zein and prolamin-like fraction
between normal, opaque-2 and QPM lines.
*Error bars denote ±SD of three replicates. The difference between
the three protein fractions among 30 genotypes under consideration
at each stage of development was significant at P<0.05.

zein fractions comes out to be less than 100 per cent in
normal (92.08 per cent), opaque-2 (95.26 per cent) and
QPM (95.01 per cent) lines and left over protein content
represents the residue protein with mean value of 7.92 per
cent, 4.74 per cent and 4.99 per cent for normal, opaque2 and QPM lines respectively.
Prolamin-like fraction was also estimated and results
reveal that QPM exclusively retained high amount of
prolamin-like content (15.65 per cent) in comparison to
normal (12.32 per cent) and opaque-2 (11.61 per cent)
lines (Figure 1). These results suggests that there is
characteristic difference in the pro-like fraction and similar
results were reported showing QPM lines with high
content of 27-kDa γ-zein which is one of the major type
of pro-like protein (Holding et al., 2011). Although range
of prolamin-like content are overlapping among normal
(10.54 to13.98 per cent), opaque-2 (10.54 to 12.70 per
cent) and QPM (13.25 to 18.44 per cent) lines but mean
values for the three is significantly varied, which suggest
that, further analysis of prolamin-like fraction in diverse
germplasm of different maize types, holds importance to
act as biochemical marker.
Zeins can be further divided into prolamin (Z1) and
prolamin-like (Z2) fractions (Figure 2), specifically on the
basis of difference in disulphide linkages which are more
in pro-like fraction as compared to prolamin which
includes 19 and 22 KDa α-zeins, whereas prolamin-like
structure includes γ (50, 27 and 16 KDa), β (15KDa) and
δ (18, 10 KDa) (Feng et al., 2009). As it is established
from present study that prolamin-like fractions have role
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Figure 2. Maize kernel composition and classification of
endosperm protein.

in vitreous kernel formation in QPM lines under the
regulation of introgressed endosperm modifiers, further
SDS-PAGE analysis was performed (Figure 3) on
extracted zein proteins to analyse the specific type of
prolamin like fraction affecting the kernel texture in
developed QPM lines in comparison to normal and opaque2 lines. Lane D shows opaque-2 mutant lines where overall
zein reduction is observed due to mutant opaque-2 and
especially 19, 22 KDa zeins are highly reduced, whereas
a comparative increase of zeins with low molecular weight
is observed. lane A,B,C which represents QPM lines. A
lane shows increased expression of 27 KDa gamma zeins
while major zeins especially 22 and 19 KDa zeins are
drastically reduced, whereas in B, C introgression of
endosperm modifiers have retained 22 and 19 KDa zeins
along with 27 KDa zeins which reveals that endosperm

modifiers have complex mode of inheritance and there
effect on zein expression varies under different genetic
backgrounds (Rojas et al., 2010). Lane E to I represent
different normal lines with high 19 and 22 KDa zeins in
all normal lines which is basically reported and responsible
for vitreous kernel texture in normal lines but in lane E
and F 27 KDa gamma zein is also increased with 22 and
19 KDa alpha zeins which shows that genetic background
have diverse effect on expression of different zein proteins
even in normal lines, this generates need to elucidate the
diverse germplasm of developing QPM lines. 5 to 7 QTls
on chromosome 3S, 3L, 5L, 6L and 8L are reported to
control endosperm texture in maize and their response
varies with genetic background which explain the variable
banding pattern among QPM and normal lines in present
study (Rojas et al., 2010). Present study also depicts that
even though genetic background is adversely affecting the
endosperm modifiers expression but out of all zeins
expressed 27-KDa is essentially related to endosperm
modification in QPM while retaining its nutritional quality.
Prolamin-like fractions includes sulphur rich fraction and
27-kDa γ-zein is essentially involved in regular starchprotein matrix in QPM background (Paiva et al., 1991).
The high amount of cysteine in 27-KDa zein forms
numerous disulphide bonds which are important to retain
vitreous kernel matrix in QPM (Gibbon et al., 2003).
Along with it many molecular studies are reported earlier
which shows that 27-kDa γ-zein expression is linked to
one of the QTL associated with vitreous kernel texture
located on chromosome 7S (Salazar-Salan et al., 2014).
So 27-kDa γ-zein are essential for retaining vitreous kernel
in QPM under influence of introgressed endosperm
modifiers and these finding are supported by studies of
Wu et al. (2010) which demonstrate that RNAi silencing
of 27- and 16-kDa γ-zein genes lead to formation of
clumped protein bodies and induced opacity in QPM.
Conclusion

Figure 3. SDS-PAGE analysis of zein protein from normal (lane E
to I), opaque-2 (lane D) and QPM (lane A to C) lines.

Overall it is established from present study that opaque2 mutation negatively effects zein accumulation and kernel
texture retained in QPM by increased accumulation of
Pro-like fraction due to introgression of endosperm
modifiers. Out if different pro-like protein 27-kDa γ-zein
is essential for retaining vitreous kernel texture in QPM.
Endosperm modification in QPM is a complex process as
QTLs for endosperm modifiers express variably under
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different genetic background, which generates a need to
regularly monitor the kernel texture and nutritional quality
of developing QPM lines, so present study will facilitate
with the outcome that pro-like fraction can be used to
differentiate QPM lines from normal lines having almost
similar kernel texture. Although normal and QPM lines have
some overlapping values for prolamin-like fraction and
SDS-PAGE show that band intensity for prolamin-like
fraction was more in some of normal lines as compared
to QPM, which depicts that genetic diversity within maize
germplasm increase complexity in direct use of pro-like
fraction as a biochemical marker. However meta-analysis
of normal and QPM germplasm can be promising to use
prolamin-like fraction as an addition marker along with
already present biochemical markers. Along with it there
is further need to establish relation between different QTLs
and endosperm modification for implementation in QPM
breeding program.
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Nutritious multigrain chapatti formulation incorporating Quality Protein
Maize
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Abstract: Quality Protein Maize (QPM) has excellent
potential as a nutritious ingredient in bakery formulations
to supplement wheat flour due to its superior protein
quality and high content of bioactive components such as
dietary fibre. Multigrain chapatti formulation was
standardized by supplementing whole wheat-oat flour
blend (20% oat) with QPM and soybean flours. Whole
wheat was replaced with QPM and soybean at 5, 10, 15
and 5 and 10 per cent levels, respectively. Whole wheat
chapatti was used as control. Water absorption of the
formulations significantly (P < 0.05) increased with
increase in QPM and soybean flours. Sensory
characteristics, viz., appearance, flavor and mouthfeel
varied significantly (P < 0.05) with QPM and soybean
flour incorporation. Crude fat and crude fibre contents of
whole grain chapatti increased significantly (P < 0.05)
with addition of QPM and soybean flours. There was a
significant (P < 0.05) improvement in physiological
functionality of whole grain chapatti with increase in
antioxidant activity (per cent DPPH inhibition).
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Introduction
Chapatti is an unleavened baked product. It is the staple
diet in several South Asian countries such as India and
Pakistan (Rao et al., 1987). Traditionally, chapatti is made
by mixing whole wheat flour (prepared using stone
chakki) with water followed by hand sheeting of the
dough and baking on hot griddle for a short time. Because
of its widespread consumption, chapatti may be used as
a vehicle for providing functional ingredients to the masses.
Use of composite flours of whole grains not only helps
to obtain balanced nutrition, it also prevents occupational
disorders such as diabetes, cardiovascular diseases and
some cancers (Fardet et al., 2008; Rebello et al., 2014).
These diseases have become major cause of human
mortality in recent times (WHO, 2016). Whole flour blends
of cereal and legume flours contain several health
promoting compounds such as dietary fibre, resistant
starch, oligosaccharides, trace minerals, polyphenols and
antioxidants. Several studies have proved that these play
significant role in slowing down degenerative processes
and prevention of chronic diseases (Èukelj et al., 2010).
Such multigrain combinations inhibit oxidation of lowdensity lipoprotein and provide protection against oxidative
DNA damage (Salawu et al., 2014). Several studies have
been conducted on effect of combination of flours from
wheat, sorghum, millets and legumes on nutritional and
other quality parameters of chapatti (Bhise and Kaur, 2013;
Gujral, 2013; Pande et al., 2017).
Maize (Zea mays L.), a gluten-free cereal, has high
contents of amino acids glutamine, leucine and proline and
almost no lysine and tryptophan (Arendt and Dal Bello,
2008). Maize is rich in carotenoids and has the highest
total antioxidant activity among cereal grains (Adom et al.,
2005; Chaudhary et al., 2014). Maize is still an
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underutilized food grain in developing countries including
India. Quality Protein Maize (QPM) has about 70 percent
higher levels of essential amino acids - lysine and
tryptophan than normal maize (Giwa and Ikujenlola, 2009).
This can be used to promote its potential use in nutritious
and healthy multigrain formulations. Quality protein maize
can be transformed into highly acceptable conventional
products such as chapatti, biscuits, papad (Shobha et al.,
2019) as well as in novel food products such as tortillas
and beverages.
Oats have been used to prepare porridge, bread and
breakfast cereals (Norja and Lehtinen, 2008). Due to
presence of phytochemicals and nutrients such as betaglucan, avenanthramides, alpha tocopherols, B vitamins,
minerals, essential amino acids and essential fatty acids,
oats are regarded as functional grains (Butt et al., 2008;
Gambuœ et al., 2011).
Soybean (Glycine max L.) is used for protein
fortification and preparation of soy based supplementary
foods. Regular consumption of soybean is known to have
anti-cancerous effects due to presence of isoflavones
(Carrão-Panizzi et al., 2004). Functional properties such
as high water-holding, improved dough handling
properties, foaming capacity (Nilufer-Erdil et al., 2014)
make it an ideal ingredient of multigrain formultions.
Despite nutritional and functional benefits, grains such
as maize, oats and soybean are still not very popular as
human food in countries such as India like India as there
is a lack of availability of milling and other processing
technologies. This study was undertaken to standardize
multigrain chapatti formulation incorporating quality
protein maize along with whole wheat, oats and soybean
flours and to study its nutritional and quality
characteristics.
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Preparation of whole flours
QPM and wheat kernels were milled to obtain whole flour
using hammer mill (Milcent Magnum, Anand, India).
Flours obtained were packed in low density polyethylene
bags and stored in refrigerated conditions. Oat grains were
treated hydrothermally by soaking overnight in distilled
water (25 ± 2 °C) and steaming at 1.05 kg cm-2 for 15
min in an autoclave (Equitron, Medica Instrument
Manufacturing Company, New Delhi) (Kaur et al., 2015).
Steamed grains were dried in tray drier (50±5 °C) to
11±0.5% moisture. Husk was removed from oat grains
using Laboratory Impact Oat dehuller (Creative India,
Mohali, Punjab). Groats obtained were separated from
husk using a laboratory aspirator. Groats were further
separated from hulled grains by hand sorting and milled
using hammer mill. The flour obtained was packed in low
density polyethylene bags and stored in refrigerated
conditions (10±2 °C).
Before milling in hammer mill, whole soybeans were
soaked for 4 h, steamed at 1.05 kgm-2 (5 min) and dried
in forced air cabinet drier (Narang Scientific Works, New
Delhi) at 50 ± 5 °C to 7 ± 0.5 per cent moisture (wb).
Whole soy flour was packed in low density polyethylene
bags and stored in refrigerated conditions (10±2 °C).
Particle size distribution of the obtained whole flours was
determined using test sieves (Ambala Associates, Ambala,
India) and is presented in Figure 1.
Preparation of flour formulations
Whole flours of wheat, oats, QPM and soybean were
blend into different proportions B1, B2, B3, B4, B5, B6
(Table 1). Whole wheat flour (B1) served as control. Based

Materials and methods
Selection of ingredients
Quality protein maize (HQPM 1) was provided by Regional
Research Station, Haryana Agricultural University, Karnal,
India. Wheat (PBW 621), oats (OL-9) and soybean (SL
525) were obtained from Punjab Agricultural University,
Ludhiana, Punjab, India. Cleaning of grains was done to
remove dust, straw, stalks, stones etc. and storage was
done at 10±2 °C in plastic bins till further use.

Figure 1. Particle size distribution of wholegrain flours.
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Table 1. Multigrain flour formulations.
Formulation

Wheat:Oats:QPM:Soy

B1

100:0:0:0

B2

70:20:5:5

B3

65:20:10:5

B4

60:20:10:10

B5

60:20:15:5

B6

55:20:15:10

Mixing of flours

Addition of water

Kneading

Rest (30 min)
on pre-trials (Kaur, 2015), the most acceptable level of
oats (100: 20, wheat:oat flour). Wheat flour was
supplemented with QPM and soybean flours at 5, 10, 15
and 5 and 10 per cent, respectively.

Rolling

Baking (on hot griddle)
Water absorption
Packaged flour/flour formulation was brought to room
temperature (30±5 °C). Distilled water was added in the
flour using laboratory mixer (National Manufacturing
Company, Colorado, USA). The optimum water was
subjectively determined till it gave a smooth non-sticky
dough, easy to handle and suitable for sheeting (Yadav et
al., 2012) and was observed as water absorption of flour/
flour formulation.
Dough handling
Dough was characterized as non-sticky, sticky, slightly
sticky and very sticky based on handling during chapatti
making.
Preparation of chapatti

Cooling and packaging
Figure 2. Flow diagram for chapatti making.

Texture analysis of chapattis
Texture of the chapattis was evaluated on texture analyzer
(Model TA-Hdi, Stable Microsystems, UK). Prepared
chapatti was subjected to cutting force to measure
hardness (N). Strips measuring 4 cm × 2 cm were cut
from each chapatti. One strip at a time was placed on
the centre of the sample holder and cutting blade was
allowed to cut chapatti strip. The force (N) required to
cut chapatti strip into two pieces was recorded. The speed
was maintained at 1.70 mm/s.

Chapatti was prepared by mixing whole flour/formulations
with distilled water in a laboratory mixer (National
Manufacturing Company, Colorado, USA). The dough
prepared was covered with a muslin cloth and allowed to
settle for half an hour. After that dough balls (25 g each)
were manually prepared, rubbed in whole wheat flour and
rolled using a rolling board and pin into a circular shape
of 150 mm size. The rolled dough was baked on a hot
griddle. Each side was baked for one minute each and
stored in a hot case till evaluation (Figure 2).

Color measurements of chapattis

Puffing

Approved AACC (2000) methods were used to determine
crude protein (46-0.01) and ash (08-01). Moisture, fat and
crude fibre were determined using AOAC (2005) methods.
Carbohydrate content (db) was calculated by subtracting

Puffing quality of chapattis was expressed as full, partial
and nil based on visual observation.

The crust color of chapatti was measured in terms of L*
(100=white; 0=black), a* (+, red; -, green), and b* (+,
yellow; -, blue) value. A piece of the chapatti sheet was
taken in the sample holder and the surface color was
measured at three different positions using a Minolta
Spectrophotometer CM-508d (Minolta Co., Ltd Japan).
Proximate analyses
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sum of crude protein, crude fat and total ash content from
100 (Merrill and Watt, 1973).

Results and discussion
Proximate composition of wholegrain flours

Anti-oxidant activity of chapatti
The anti-oxidant activity was determined by DPPH (2, 2diphenyl-1-picrylhydrazyl) assay (Michalska et al., 2007).
The percentage inhibition or the percentage discolouration
was calculated as equation 1:
Inhibition %=Ablank–Asample×100/Ablank

... (1)

where, A is the absorbance at 517 nm.
Sensory evaluation
A semi-trained panel of 10 judges amongst faculty and
students of Department of Food Science and Technology
evaluated the freshly prepared chapatti samples in terms
of overall acceptability using nine point hedonic scale
(Larmond, 1970) from liked extremely (9) to disliked
extremely (1). Three samples along with control were
presented at a time. Whole wheat chapatti was used as
control in this case.
Statistical analyses
All statistical procedures were performed using SPSS
(version 19) software, SPSS Inc (Chicago, USA) Each
observation was mean of triplicate determinations. Data
were presented as mean ± standard deviation. A one-way
analysis of variance (ANOVA) was carried out and means
were compared using Duncan’s Multiple Range Test
(DMRT) at P < 0.05.

The whole flours of QPM, soybean, wheat and oats were
analyzed for proximate characteristics. Soybean had the
highest protein, fat, ash and crude fibre contents and the
least carbohydrate content among the flours studied (Table
2). At 10.00 per cent moisture, QPM flour had 10.00±0.31
per cent protein, 3.06±0.22 per cent fat, 1.20±0.20 per
cent ash, 2.38±0.38 per cent crude fibre and 75.75±0.09
per cent carbohydrates. Maize oil is composed of more
than 55 per cent of polyunsaturated fatty acids which
include linoleic, oleic and linolenic acids (Shah et al.,
2016). Maize oils are also rich in tocopherols, which are
natural antioxidants (Sen et al., 2006). The content of
lysine and tryptophan is higher in HQPM 1 than normal
maize (Anonymous, 2020), making it suitable grain for
ensuring nutritional security. The biological value of QPM
protein is also considered higher than most other cereals
and pulses. Hence QPM is a better alternative for
multigrain mixes than normal maize.
Water absorption of multigrain formulations
Whole wheat-oat flour blend (20 per cent oat) was further
supplemented with QPM and soybean flours based on pretrials (Kaur, 2015). All the flour formulations had water
absorption of more than 70 ml per 100 g. Water absorption
of the formulations significantly (P < 0.05) increased with
increase in QPM and soybean flours (Figure 3). The
highest value of water absorption was observed for
formulation B5 (with 15 per cent QPM flour). Water
absorption is of whole flours is affected by several factors

Table 2. Proximate composition of wholegrain flours.
Attribute

QPM

Soybean

Wheat

Oats

Moisture (%)

10.00±0.30b

5.51±0.32a

9.19±0.19b

10.07±0.06b

Crude protein (%)

10.00±0.31a

35.64±0.34d

11.28±0.04b

16.07±0.04c

Fat (%)

3.06±0.22b

19.63±0.55d

1.64±0.19a

6.18±0.02c

Ash (%)

1.20±0.20a

4.43±0.41b

1.53±0.08a

1.33±0.01a

Carbohydrates (by difference) (%)

75.75±0.09b

36.31±0.76a

76.55±0.10b

76.42±0.07b

Crude fibre (%)

2.38±0.382b

5.23±0.20d

1.71±0.23a

3.55±0.13c

Values are expressed as means of triplicate replications ± standard deviation
Values having same superscript in the same row are not significantly different (P < 0.05)
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Cohesive, non-sticky and easy-to handle dough was
obtained with formulation with 10 per cent each of QPM
and soybean flours (Table 3). Further, dough handling
became difficult. This may be attributed to reduction in
gluten content of the formulation due to reduced content
of wheat flour. Gluten content as well quality also
influences the puffing of chapatti, which is a critical
quality parameter in chapatti. Puffing is a result of steam
formation in the chapatti. Full chapatti puffing was
achieved only with whole wheat flour, i.e., control (Table
4). Thereafter puffing was partial. B6 chapatti showed no
puffing. Cutting force represents the force required to cut
chapatti strips using a cutting blade probe as analyzed by
a Texture Analyzer. Cutting force significantly (P < 0.05)
increased with increase in level of QPM and soybean
flours. Higher protein content with increase in level of
soybean flour in the formulation may have caused increase
in force required for cutting. Lightness (L*) and ‘b’ value
of the chapatti increased significantly (P < 0.05) while
‘a’ value decreased with increasing level of QPM and
soybean flour incorporation. Whole wheat chapatti was
darker and the lightness increased with incorporation of
oat, QPM and soy flours. Redness (positive a*) decreased
significantly while yellowness (positive b*) increased
mainly because of increased content of QPM and soy
flours.

Figure 3. Water absorption of flour formulations.

such as protein and fibre contents as well as particle size.
An increase in the content of flours with higher fibre
contents may have caused an increase in water
absorption. Cereal fibre is hydrophilic in nature and
contributes to higher water absorption (Yadav et al.,
2012).
Dough handling and Chapatti quality of the multigrain
formulations
Dough handling properties refer to the response of dough
to mechanical operations such as rolling and sheeting.

Table 3. Dough handling characteristics of multigrain formulations.
Blends

Wheat:Oats:QPM:Soy

Dough handling

B1

100:0:0:0

Cohesive, non sticky, easy to handle and roll

B2

70:20:5:5

Cohesive, non sticky, easy to handle and roll

B3

65:20:10:5

Cohesive, non sticky, easy to handle and roll

B4

60:20:10:10

Cohesive, non sticky, easy to handle and roll

B5

60:20:15:5

Slightly sticky, but can be handled

B6

55:20:15:10

Difficult to handle and roll

Table 4. Quality characteristics of multigrain formulations.
Blend

Puffing

Cutting force (N)
a

L*
64.40±2.63

a*
a

b*
b

3.00±0.46

19.93±1.43a

B1

Full

5.87±0.14

B2

Partial

6.02±0.10ab

66.61±0.63ab

3.07±0.15b

19.30±0.17a

B3

Partial

6.12±0.11ab

67.66±0.65ab

2.83±0.21ab

20.23±0.15ab

B4

Partial

6.19±0.01

b

b

ab

21.03±0.57ab

B5

Partial

6.64±0.08c

69.00±0.34b

2.83±0.46ab

22.03±0.12b

B6

Nil

6.64±0.10c

68.99±0.24b

2.07±0.06a

21.93±0.40b

68.50±1.05

2.50±0.44

Values are expressed as means of triplicate replications ± standard deviation
Values having same superscript in the same column are not significantly different (P < 0.05)
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Table 5. Proximate composition of composite whole grain chapatti.
Formulations

Crude Protein(%)
a

Fat(%)
1.16±0.13

Ash(%)
a

1.19±0.08

Carbohydrates (%)
a

55.08±0.28

Crude fibre (%)

d

1.26±0.02a

B1

9.18±0.20

B2

10.51±0.18c

2.28±0.05b

1.24±0.03a

51.44±0.12b

1.74±0.04b

B3

10.02±0.11b

2.42±0.11bc

1.16±0.02a

52.58±0.25c

1.71±0.03b

B4

10.94±0.30

d

d

a

a

1.86±0.03c

B5

9.89±0.04b

2.69±0.16c

1.17±0.00a

51.41±0.23b

1.74±0.02b

B6

10.85±0.11c

3.24±0.11d

1.26±0.03a

50.87±0.17ab

1.85±0.04c

3.15±0.15

1.39±0.60

50.16±0.58

Values are expressed as means of triplicate replications ± standard deviation,
Values having same superscript in the same column are not significantly different (P < 0.05)

Proximate composition of the multigrain chapatti
Proximate composition of composite whole flour chapatti
is given in Table 5. Significant (P < 0.05) variation in
protein content of multigrain chapatti was observed
between all formulations with increase till B4 and
maximum in B6. This is mainly attributed to
supplementation with protein-rich soybean flour. Fat and
crude fibre contents of multigrain chapatti also increased
significantly (P < 0.05) with addition of QPM and soybean
flours. Ash content of the multigrain chapatti showed a
significant increase from B1 to B6 indicating an increment
in mineral content. Incorporation of non-wheat flours, thus
lead to improvement in nutritional quality of the chapatti.
Physiological functional characteristics of the multigrain
chapatti
A significant (P < 0.05) increase in antioxidant activity
(per cent DPPH inhibition) from B1 to B6 chapatti was
observed (Figure 4). DPPH (2, 2 diphenyl-1-picryl

hydrazyl), a source of stable free radicals is commonly
used to test the antioxidant activity of food samples based
on the reduction of colour of test solution to the control.
This signifies the ability of the food to prevent diseases
such as cancers in the human body. A possible cause of
higher antioxidant activity is the higher phenolic
components in QPM and soy flours. Maize is considered
to be an important source of phenolic components. Thus,
a significant improvement in physiological functionality of
multigrain chapatti was observed with increased content
of QPM as well as soy flours.
Sensory characteristics of multigrain chapatti
Sensory characteristics, viz., appearance, flavor and
mouthfeel varied significantly (P < 0.05) from B1 to B6
(Figure 5). Appearance scores fell significantly (P d” 0.05)
in B5 and B6 as the level of QPM was increased beyond
10 per cent. Although all chapatti samples from B1 to B5
were acceptable (i.e. above 7.0 on hedonic scale), B4
chapatti with QPM and soybean flours at 10 per cent each
was found highly acceptable by the panel of semi-trained
judges. Beyond this level, chapatti gave a dry and harder
mouthfeel. Flavour scores of B6 were not to the liking of
some panelists. The overall acceptability of chapatti
prepared from B4 formulation was better from that of B3
and almost similar to chapatti prepared from whole wheat
flour (B1). Hence this formulation was selected for
chapatti making.

Conclusion

Figure 4. Antioxidant activity of chapatti from different flour
formulations.

Multigrain chapatti was prepared from formulations
containing quality protein maize (QPM), whole wheat, oats
and soybean flours. Based on nutritional, chapatti making
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Figure 5. Sensory evaluation of
chapatti from different flour
formulations.

quality and sensory characteristics, chapatti prepared from
formulation consisting of wheat, oats, maize and soybean
at 60, 20, 10 and 10, per cent, respectively, was most
acceptable. The multigrain chapatti had significantly
(P<0.05) higher protein, fat and crude fibre contents and
significantly (P<0.05) high anti-oxidant activity as
compared to whole wheat chapatti. The QPM incorporated
multigrain chapatti formulation had enhanced nutritional
and functional characteristics. Based upon these results,
further studies can be conducted on effect of
consumption of multigrain chapatti on cholesterol and
glycemic index using clinical trials.
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In-vitro evaluation of some botanicals against fungal pathogen
Helminthosporium maydis for the management of maydis leaf blight disease
in maize
Srabani Debnath · Jayanta Mondal · Sanjog Chhetri

Abstract: Maize is known as queen of cereals for its
highest yield potential but the yield of maize is challenged
by a number of biotic stresses among which maydis leaf
blight is very much important. Considering the hazardous
effects of fungicides and chemicals, in this experiment
nine medicinal plants namely Akanda/Madar (Calotropis
gigantea), Garlic (Allium sativum), Chilli (Capsicum
frutescens), Neem (Azadirachta indica), Turmeric
(Curcuma longa), Aloe vera and Nagadana (Artemisia
vulgaris), Tobacco (Nicotiana tabacum) and Datura
(Datura stramonium) were used and evaluated under in
vitro condition against Helminthosporium maydis the causal
fungus of maydis leaf blight of maize. The inhibitory
activity of plant extracts was most likely due to
antimicrobial components present in plant extracts. Garlic
plant extract showed maximum (64.9 per cent in 5 days,
65.7 in 7 days and 67.2 per cent in 10 days) percentage
of inhibition of mycelium growth of Helminthosporium
maydis followed by Turmeric (69.2 per cent in 5 days,
66 per cent in 7 days and 65.3 per cent in 10 days),
Datura (60.1 per cent in 5 days, 58.0 per cent in 7 days
and 57.8 per cent in 10 days), Aloe vera (39.9 per cent
in 5 days, 46.3 per cent in 7 days and 43.9 per cent in
10 days) and Chilli (45.7 per cent in 5 days, 52.7 per cent
in 7 days and 42.8 per cent in 10 days). Other plant
extract also revealed a fair result in checking the growth
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of the pathogen but the plant extract of Akanda shows
more or less equal growth to the pathogen in comparison
to the control growth of the pathogen.
Keywords: Antimicrobial · Biotic stress · In-vitro condition
· Maydis leaf blight

Introduction
Zea is an ancient Greek word which means “Sustaining
life” and Mays is a word from Taino language meaning
“life giver”. Maize is the Second most important cereal
crop in the world and is called the ‘Queen of Cereals’. It
is the third most important cereal crop in India after rice
and wheat. Wider Adaptability (Thermo and Photo
insensitive). A large number of biotic stresses affecting
maize worldwide and causes an annual loss of 9.4 per cent
(Schurtleff, 1980). In India about 16 diseases are affecting
maize (Payak and Sharma, 1985) and among them maydis
leaf blight is one of the devastating diseases and considered
as economically important one (Malik et al. 2017). Maydis
leaf blight (MLB) / Southern Corn leaf blight is an
important foliar disease of maize crop and caused by fungi
Cochliobolus heterostrophus, and also known as
Helminthosporium maydis. 70 per cent yield loss is
recorded due to Southern Corn Leaf Blight (Wang et al.,
2001; Ali et al., 2011). Globally, three races of the
pathogen designated as race O, race T and race ‘C’. In
India, the race ‘O’ is the predominant race. In India, it
was reported for the first by Munjal and Kapoor (1960)
from the Maldah District of West Bengal. It is a worldwide
common and devastating disease of maize specially grown
in warm and humid condition (White, 1999). Young
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lesions are small and diamond shaped. As they mature,
they elongate. Growth is limited by adjacent veins, so final
lesion shape is rectangular and 2 to 3 cm long. Lesions
may coalesce, producing a complete burning of large area
of the leaves. The management through sole treatment of
chemicals would not be advisable keeping in view their
residual toxicity, environmental pollution and health
hazards. Hence, adoption of some eco-friendly and
comparatively cheaper method becomes inevitable to find
out the suitable management practices through the use of
botanicals.

Materials and methods
Nine plants extract namely, Akanda (Calotropis
gigantean), Garlic (Allium sativum), Chilli (Capsicum
frutescens), Neem (Azadirachta indica), Turmeric
(Curcuma longa), Aloe vera and Nagadana (Artemisia
vulgaris), Tobacco (Nicotiana tabacum) and Datura
(Datura stramonium) were tested against the growth of
Helminthosporium maydis of maize pathogen under the
vitro condition. The fresh leaves, bulb, fruits, rhizome,
flower of healthy plants were collected and washed with
sterile distilled water and air dried. 50 grams of leaves,
fruits, bulbs, rhizomes, flowers were paste using pestle
and mortar by adding equal amount (50 ml) of sterilized
distilled water. The extract was filtered through muslin
cloth and centrifuged at 2000 rpm for 30 minutes at
ambient temperature (26±2oC). This supernatant was used
as standard plant extract solution (100%). The plant
solutions were tested at 20 per cent concentration and this
was achieved by incorporating 20 ml supernatant of each
plant extract into 80 ml of PDA media in conical flasks,
respectively. 20 ml of PDA containing plant solution was
Table 1. List of botanicals taken for evaluation (nine treatments)
Treatment

Botanicals names

Parts used

T1

Akanda (Calotropis gigantean)

Leaf

T2

Garlic (Allium sativum)

Bulb

T3

Chilli (capsicum frutescens)

Fruit

T4

Neem (Azadirachta indica)

Leaf

T5

Turmeric (Curcuma longa)

Rhizome

T6

Ghritkumari (Aloe vera)

Leaf

T7

Nagadana (Artemisia vulgaris)

Leaf

T8

Tobacco (Nicotiana tabacum)

Leaf

T9

Datura (Datura stramonium)

Flower

poured into sterilized petriplates under aseptic conditions
and allowed to solidify. PDA plates containing the plant
solutions were inoculated aseptically in the center with 5
mm disc of ten days old young sporulating culture of H.
maydis. For control plates maintained with culture media
but without plant extract solutions. The experiment was
conducted in completely randomized design (CRD) with
three replications in each treatment. The inoculated
petriplates were incubated at 27±1oC in the laboratory. The
colony diameters were measured when the fungus touched
the periphery in control plates. Per cent inhibition of
growth was calculated by using formula given by Vincent
(1947).
C-T
× 100

I=
C

Where, I= Percent inhibition, C=Colony diameter in
control (cm), T= Colony diameter in treatment (cm)
Nine medicinal plants namely Akanda/Madar
(Calotropis gigantean), Garlic (Allium sativum), Chilli
(Capsicum frutescens), Neem (Azadirachta indica),
Turmeric (Curcuma longa), Aloe vera and Nagadana
(Artemisia vulgaris), Tobacco (Nicotiana tabacum) and
Datura (Datura stramonium) were used at 20 per cent
concentration and evaluated by poisoned food technique
method on PDA medium incubated at 27±1 oC. The
inhibitory activity of plant extracts was most likely due
to antimicrobial components present in plant extracts.
However, the exact chemical compounds and their
controlling mechanism to the tested fungal pathogen need
to be elucidated.

Result and discussion
The effect of botanicals plant extract on mycelium growth
of Helminthosporium maydis at 20 per cent was observed
and growth of mycelia was recorded 5, 7 and 10 days
after inoculation (Table 2 and Figure 1-3). Data revealed
that, after 5, 7 and 10 days of incubation, Garlic plant
extract showed maximum (64.9 per cent in 5 days, 65.7
in 7 days and 67.2 per cent in 10 days) percentage of
inhibition of growth of mycelium of Helminthosporium
maydis followed by Turmeric (69.2 per cent in 5 days,
66 per cent in 7 days and 65.3 per cent in 10 days),
Datura (60.1 per cent in 5 days, 58.0 per cent in 7 days
and 57.8 per cent in 10 days), Aloe vera (39.9 per cent
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Table 2. Effect of different plant extracts against Helminthosporium maydis on PDA incubated at 27±1°C
Name of the plant

After 5th days of inoculation

After 7th days of inoculation

After 10th days of inoculation

Average radial growth
of mycelium (cm)*

Inhibition
(%)

Average radial growth
of mycelium (cm)*

Inhibition
(%)

Average radial growth
of mycelium (cm)*

Inhibition
(%)

Turmeric

1.6

69.2(56.3)

2.6

66.0(54.3)

3.1

65.3(53.9)

Tobacco

3.4

35.1(36.3)

4.2

44.0(41.6)

5.6

38.1(38.1)

Akanda

4.7

10.1(18.5)

7.1

5.7(13.7)

9.0

0.0(0.0)

Neem

3.4

34.6(36.0)

4.6

38.3(38.3)

7.1

21.4(27.5)

Artemisia vulgaris

3.4

34.1(35.7)

4.3

42.7(40.8)

7.0

21.9(27.9)

Chilli

2.8

45.7(42.5)

3.6

52.7(46.5)

5.2

42.8(40.8)

Datura

2.1

60.1(50.8)

3.2

58.0(49.6)

3.8

57.8(49.5)

Garlic

1.8

64.9(53.7)

2.6

65.7(54.1)

3.0

67.2(55.1)

Aloe vera

3.13

39.9(39.2)

4.03

46.3(42.9)

5.05

43.9(41.5)

Control

5.2

-

7.3

-

9

-

SEm±

0.06

0.77

0.07

0.6

0.05

0.4

CD (5%)

0.13

1.61

0.15

1.3

0.10

0.7

CV (%)

2.91

2.67

2.30

2.1

1.18

1.3

*Average of 4 replications. Values in the parentheses indicate the angular transformed values

Figure 1. Inhibition effect of plant
extracts against Helminthosporium
maydis

in 5 days, 46.3 per cent in 7 days and 43.9 per cent in
10 days) and Chilli (45.7 per cent in 5 days, 52.7 per cent
in 7 days and 42.8 per cent in 10 days). Other plant
extract also revealed a fair result in checking the growth
of the pathogen but the plant extract of Akanda shows
more or less equal growth to the pathogen in comparisons
to the control growth of the pathogen. Jha et al. (2004)
also found that, extracts obtained from garlic showed 100

percent inhibitory effect on spore germination of H maydis
at the concentration of 0.2 percent in contrast to this,
Gurjar et al. (2012), also found the similar result. Kumar
et al. (2009) found that, garlic clove extract was highly
effective in inhibiting the growth of H. maydis as its
produced 66.5, 73.8 and 83.9 per cent growth inhibition
of H. maydis at 2, 5 and 10 per cent concentrations,
respectively.
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Figure 2. Effect of
different plant extracts
against Helminthosporium
maydis on PDA incubated
at 27±1°C

Conclusion
Nine medicinal plants as mentioned above were used at
20 per cent concentration and evaluated by poisoned food
technique method on PDA medium and pathogen
inoculated on petriplate and incubated at 27±1oC. Data
revealed that, after 5, 7 and 10 days of incubation, garlic
plant extract showed maximum (64.9 per cent in 5 days,
65.7 in 7 days and 67.2 per cent in 10 days) percentage

of inhibition of mycelium growth of Helminthosporium
maydis followed by turmeric (69.2 per cent in 5 days, 66
per cent in 7 days and 65.3 per cent in 10 days), Datura
(60.1 per cent in 5 days, 58.0 per cent in 7 days and 57.8
per cent in 10 days), Aloe vera (39.9 per cent in 5 days,
46.3 per cent in 7 days and 43.9 per cent in 10 days)
and Chilli (45.7 per cent in 5 days, 52.7 per cent in 7 days
and 42.8 per cent in 10 days). Other plant extract also
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Figure 3. Effect of different
plant extracts against
Helminthosporium maydis on
PDA incubated at 27±1°C

revealed a fair result in checking the growth of the
pathogen but the plant extract of Akanda shows more or
less equal growth to the pathogen in comparison to the
control growth of the pathogen. Presently plant products
having antimicrobial properties are in search because
different types of hazardous effect caused by use of
synthetic fungicides are well known to us. Besides in
organic food production an upcoming practice, natural
products have utmost priority. Standardization of extraction

methods of natural products as well as antimicrobial
efficacy testing methods may help the overall plant
protection system more environment friendly and safe for
the living community.
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Evaluation of new post-emergence herbicides in rainfed maize
D. Sreelatha1 · V. Swarnalatha2 · T. Ramprakash3 · M. Lavakumar Reddy1

Abstract: A field study was undertaken for three years
(2015-2017) at Maize Research Centre, Professor
Jayashankar Telangana State Agricultural University,
Hyderabad during kharif season on clay loam soils in
randomized block design to evaluate the efficacy of new
molecule of post emergence herbicides alone or in
combination with pre-emergence herbicides. The results
revealed that broad-leaved weeds were predominant (60
per cent) followed by grassy weeds (30 per cent) and
sedges (8 per cent). Different weed control treatments
significantly reduced the density and dry weight of weeds
over weedy check. Among the herbicidal treatments,
significantly higher grain yield (7544 kg ha-1) was recorded
with atrazine 50% WP @ 1.5 kg a.i. ha-1 as pre-emergence
(PE) followed by tembotrione 34.4% SC @120 g a.i.
ha-1 as post-emergence (PoE) at 25 DAS with higher weed
control efficiency (77.0 per cent) and weed index (3.7).
The net returns (N 64110 ha-1) and B:C ratio (2.27) was
found maximum with atrazine 50% WP @1.5 kg a.i.
ha-1 as PE followed by tembotrione 34.4% SC @120 g
a.i. ha-1 at 25 DAS.
Keywords: Atrazine · Net returns · Tembotrione · Weed
control efficiency · Weed index · Yield
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Introduction
Maize (Zea mays L) is the most important rainfed crop in
Telangana state cultivated on an area of 6.0 lakh ha (201718). It is grown for fodder as well as for grain purpose.
It has the highest genetic yield potential, which is
influenced by various biotic and abiotic factors viz., weeds,
nutrients, pests and diseases. Being rainy season crop, it
suffers from severe infestation of weeds, which often
inflicts huge losses ranging from 28 to 100 per cent (Patel
et al., 2006). Overall, weeds reduce crop yields by
competing for light, nutrients, water and carbon dioxide
as well as interfering with harvesting and increasing the
cost involved in crop production (Tesfay et al., 2014).
The wider row spacing, slow initial growth and high
fertilizer requirement in maize allows abundant weed
growth, resulting in poor grain yield. Weeds also exudate
substances from roots and leaves which are toxic to crop
plants. This causes severe interference with normal crop
growth leading to reduction in yield and quality.
Maize is cultivated mainly as rainfed crop in the
Telangana where weed control measures are very crucial
for fetching higher yields. Majority of the farmers in the
state are small or marginal and constitute 80% of total
holdings. Though hand weeding is effective, it is highly
expensive. Moreover, heavy demand of labour during peak
period of agricultural operations and its scarcity
necessitates the adoption of chemical weed control with
use of both pre and post emergence herbicides for
suppressing the weeds. Controlling of weeds in maize
during the critical period assumes great importance for
realizing higher yield. The crop weed competition is
critical during first 40 days after sowing and the preemergence herbicide offer weed control initially at 25-30
days after sowing. However, to control the weed flushes
emerging late in the season, application of post-emergence
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herbicides is necessary and as manual weeding became
difficult due to non-availability of labour during peak
periods. The post emergence herbicide could be equally
good or better than pre-emergence applications because
in case of pre emergence spray if the residual effects are
not longer then, post-emergence sprays could be better
option (Khan and Haq, 2004). In post-emergence
application, the use of herbicides at reduced doses is one
of the most important tools to limit herbicide input into
the environment according to the integrated weed
management system (Zhang et al., 2013). At present,
farmers are applying only 2,4-D at 1.0 kg ha-1 or atrazine
at 1.0 kg ha-1 as post-emergence herbicides in maize, but
these herbicides control only broad leaf weeds. Control
of grasses and sedges remain a problem for the farmers,
especially when too high or too low soil moisture hinders
the intercultural operation and scarcity of labour during
critical stages of weeding. Tembotrione is a new generation
pyrozolone post-emergence herbicide, inhibit the activity
of 4-Hydroxyphenyl pyruvate dioxygenase enzyme
(HPPD), which in susceptible weeds disrupts carotenoid
synthesis, causing leaf bleaching, necrosis and plant death
(Hawkes, 2007). Tarun deep et al. (2018) also reported
its efficacy in maize as post-emergence @ 110-120 g a.i.
ha -1 in the state of Punjab. Hence, present study was
undertaken to evaluate the efficacy of new molecule of
post-emergence herbicides on weed density, growth and
yield of maize.

Materials and methods
A field study was carried out during kharif season for
three years (2015-2017) at Maize Research Centre,
Professor Jayashankar Telangana State Agricultural
University, Rajendranagar, Hyderabad. The soil was sandy
clay loam having medium in available nitrogen (405 kg
ha -1), high in available phosphorus (82 kg ha -1) and
potassium (510 kg ha-1) with a pH of 7.64. The rainfall
received during the cropping season was 536.8, 806.9and
686.0 mm during kharif 2015, 2016 and 2017,
respectively. The experiment was laid out in a randomized
block design (RBD) with ten treatments viz., T1 - control
(weedy check), T2 - weed free T3 – atrazine 50% WP @
1.5 kg a.i. ha-1 as pre-emergence (PE), T4 - atrazine 50%
WP @0.75 kg a.i. ha-1 + pendimethalin 30% EC @ 0.75
kg a.i. ha-1 as PE, T5 – atrazine 50% WP@ 0.75 kg a.i.
ha-1 + 2,4-D amine salt 58% SL @ 0.5 kg a.i. ha-1 at 25
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DAS as post-emergence (PoE), T6 –halosulfuron methyl
75% WG @ 60 g a.i. ha-1 at 25 DAS as POE, T7 - atrazine
50% WP @1.5 kg a.i. ha -1 as PE followed by (fb)
halosulfuron methyl 75% WG@ 60 g a.i. ha-1 at 25 DAS
as POE, T8 –tembotrione 34.4% SC @ 120 g a.i. ha-1 as
PoE at 25 DAS, T9 –pendimethalin 30% EC @ 1.0 kg a.i.
ha-1 as PE fb atrazine 50% WP @ 0.75 kg a.i. ha-1 + 2,4D amine salt 58% SL @ 0.5 kg a.i. ha-1at 25 DAS as PoE
and T10 - atrazine 50% WP @ 1.5 kg a.i. ha-1 as PE fb
tembotrione 34.4% SC @120 g a.i. ha-1 as PoE at 25 DAS
and replicated thrice. Maize hybrid ‘DHM117’ was sown
by adopting 60cm x 20 cm spacing. Fertilizers were
applied uniformly through urea, DAP and MOP at 200,
60 and 50 kg N, P2O5 and K2O ha-1, respectively. As per
the treatments, pre-emergence herbicides were sprayed
uniformly with knapsack sprayer at discharge rate of 500
l ha -1 on the same day of sowing at ideal moisture
conditions. At 25 days after sowing the post-emergence
herbicides were applied as per the treatments and hand
weeding was carried at 20 and 40 days after sowing in
weed free treatment. The data was recorded thrice at 25,
50 DAS and at harvest on weeds and at harvest on crop.
Observations on weed density and weed dry matter were
recorded by using quadrate method. The data on number
of weeds and weed dry matter were subjected to square
root transformation before statistical analysis. The cost
economics were worked out for different weed control
treatments. The grain yield was recorded at harvest. Weed
control efficiency (WCE) was calculated by using the
following formula:
WDC – WDT
× 100

WCE =
WDC

Where, WCE, weed control efficiency; WDC, weed dry matter
in control plot; WDT, weed dry matter in treatment plot.
Weed index was calculated as:
Yield form weed free plot–yield from herbicide treatment plot
× 100

WI =
Yield form weed free plot

Results and discussion
The experimental field was infested with Cynodon
dactylon, Digitaria sanguinalis, Dactyloctenium
aegyptium, Echinocloa spp and Rottboellia exaltata
among grasses; Parthenium hysterophorus, Commelina
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Table 1. Effect of different weed control treatments on weed dry matter and weed density in kharif maize (Pooled data)
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benghalensis, Amaranthus viridis, Euphorbia geniculata,
Digera arvensis and Trianthema portulacastrum among the
broad-leaved weeds and sedge Cyperus rotundus.
Weed density (no. m-2)
Grassy weeds
Experimental results revealed that, weed control through
different herbicides significantly reduced the weed density
over Unwedded control (Table 1). Application of atrazine
50% WP @ 1.5 kg a.i. ha-1 as PE fb tembotrione 34.4%
SC @120 g a.i. ha -1 at 25 DAS as PoE recorded
significantly the lesser grassy weed density of 12.3 m-2,
10 m -2 and 14.7 m -2 at 25, 50 DAS and at harvest,
respectively and it was statistically on par with the
application of atrazine 50% WP @ 1.5 kg a.i. ha-1as PE
fb halosulfuron methyl 75% WG @ 60 g a.i. ha-1 at 25
DAS as PoE (14 m-2, 14 m-2 and 16.3 m-2 respectively).
The results are in accordance with the findings of Swetha
et al. (2015).
Broad-leaved weeds
With respect to broad-leaved weeds, application of
pendimethalin 30% EC (1.0 kg a.i. ha-1) as PE fb atrazine
(0.75 kg a.i. ha-1) + 2,4-D amine 58% SL (0.5 kg a.i.
ha-1) at 25 DAS as PoE and application of tembotrione
34.4% SC @ 120 g a.i. ha-1 PoE at 25 DAS and atrazine
50% WP (0.75 kg a.i. ha-1) + 2,4-D amine salt 58% SL
(0.5 kg a.i. ha-1) at 25 DAS as PoE recorded lower weed
density at 25, 50 DAS and at harvest. Similar results were
reported by Hatti et al. (2014).
Sedges
Significantly less weed density of sedges of 12.3 m-2 8.0
m-2 and 10.7 m-2 at 25, 50 DAS and at harvest, respectively
were recorded with atrazine 50% WP @ 1.5 kg a.i.
ha-1as PE fb halosulfuron methyl 75% WG methyl @ 60
g a.i. ha-1 at 25 DAS as PoE followed by atrazine 50%
WP @1.5 kg a.i. ha-1 as PE fb tembotrione 34.4% SC @
120 g a.i. ha-1 as PoE at 25 DAS (13.3 m-2, 9.0 m-2 and
11.2 m-2 at 25, 50 DAS and at harvest, respectively.
Total weed dry matter (g m-2)
The results revealed that the among different weed control
treatments, application of atrazine 50% WP @ 1.5 kg a.i.
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ha-1as PE fb tembotrione 34.4% SC @ 120 g a.i. ha-1 at
25 DAS as PoE significantly recorded less weed dry
weight of 9.67, 10.6 and 8.12 g m-2 at 25, 50 DAS and
at harvest, respectively and which is statically at par with
pendimethalin(1.0 kg a.i. ha-1) as PE fb atrazine (0.75 kg
a.i. ha-1) + 2,4-D amine salt 58% SL (0.5 kg a.i. ha-1) at
25 DAS as PoE and atrazine 50% WP @ 1.5 kg a.i. ha-1
PE fb halosulfuron methyl 75% WG @ 60 g a.i. ha-1 25
DAS as PoE at 25, 50 DAS and at harvest.
Weed control efficiency (%) and weed index
Among the different weed control treatments, application
of atrazine 50% WP @ 1.5 kg a.i. ha -1 as PE fb
tembotrione 34.4% SC @ 120 g a.i. ha-1 at 25 DAS as
PoE significantly recorded higher weed control efficiency
of 68.3%, 76.9% and 77.0%, respectively at 25, 50 DAS
and at harvest and with lower weed index (3.7). The other
treatments with higher weed control efficiency and lower
weed index were with pendimethalin 30% EC (1.0 kg
ha-1) as PE fb atrazine 50% WP (0.75 kg a.i. ha-1) + 2,4D amine salt 58% SL (0.5 kg a.i. ha-1) at 25 DAS as PoE
at 25, 50 DAS and at harvest respectively and atrazine
50% WP @ 1.5 kg a.i. ha-1 fb halosulfuron methyl 75%
WG @ 60 g a.i. ha-1as PoE at 25, 50 DAS and at harvest
respectively.
Grain yield and economics in kharif maize
Pooled results of three year study indicated that, the
highest grain yield obtained under weed free treatment
(8054 kg ha -1 ) was mainly due to less crop-weed
competition throughout the crop growth period, thus
realized higher yield and yield components by enabling the
crop for maximum utilization of nutrients, moisture, light
and space. The results are in accordance with the findings
of Hatti et al. (2014) and Shantveerayyahawaldar and
Agasimani (2012). Among the herbicidal treatments,
significantly higher grain yield (7544 kg ha-1) was recorded
with atrazine 50% WP @ 1.5 kg a.i. ha-1 as PE followed
by tembotrione 34.4% SC @ 120 g a.i. ha-1 at 25 DAS as
PoE and was at par with pendimethalin(1.0 kg a.i. ha-1)
PE fb atrazine 50% WP (0.75 kg a.i. ha-1) + 2,4-D amine
salt 58% SL (0.5 kg a.i. ha-1) at 25 DAS as PoE (7256
kg ha-1) and atrazine 50% WP @ 1.5 kg a.i. ha-1 PE fb
halosulfuronmethyl 75% WG 60 @ g a.i. ha-1 at 25 DAS
as PoE (7207 kg ha-1). (Table 2). Higher grain yield in
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Table 2. Effect of different weed control treatments on weed control efficiency, weed index, grain yield and economics in kharif maize
Treatments

Weed control
efficiency (%)

T1

Control (Weedy check)

T2

Weed free
-1

Weed
index

Grain
yield

Cost of
cultiva-

Net
returns

(kg ha-1)

tion
ha-1

(N ha-1)

B:C
ratio

25
DAS

50
DAS

At
harvest

—

—

—

42.6

4619

37440

21102

1.47

78.0

78.0

80.0

—

8054

45440

65587

2.25

T3

Atrazine 1.5 kg a.i. ha PE

53.3

42.0

37.5

25.6

5998

38640

33237

1.61

T4

Atrazine (0.75 kg a.i. ha-1) + Pendemathalin
(0.75 kg a.i. ha-1) PE

65.9

59.6

55.5

20.6

6393

38815

47402

2.02

T5

Atrazine (0.75 kg a.i. ha-1) + 2,4-D Amine salt
(0.5 kg a.i. ha-1) at 25 DAS PoE

35.7

54.8

54.0

19.4

6494

32281

48897

2.06

T6

Halosulfuron methyl 60 g a.i. ha-1 at 25 DAS PoE

19.6

54.9

54.5

20.5

6389

42065

49920

2.00

55.2

66.9

68.0

10.4

7207

43265

59021

2.16

-1

T7

Atrazine 1.5 kg a.i. ha PE fb Halosulfuron methy
l 60 g a.i. ha-1 at 25 DAS PoE

T8

Tembotrione 120 g a.i. ha-1 at 25 DAS PoE

31.1

59.8

59.5

19.6

6464

41440

48711

1.99

T9

Pendemathalin (1.0 kg a.i. ha-1) PE fb Atrazine
(0.75 kg a.i. ha-1) + 2,4-D Amine salt (0.5 kg a.i. ha-1)
at 25 DAS PoE

60.8

68.5

70.0

9.9

7256

39414

60392

2.24

T 10

Atrazine 1.5 kg a.i ha-1 PE fb Tembotrione 120 g a.i.
ha-1 at 25 DAS PoE

68.3

76.9

77.0

3.7

7544

42640

64110

2.27

SEm+

—

—

—

—

110

—

9.1

4.7

CD (P=0.05)

—

—

—

—

324

—

7810

0.2

PE: Pre-emergence; PoE: Post-emergence

these treatments could be attributed to lower weed density
and dry matter accumulation. Similar results were reported
by Swetha et al. (2015). The lowest grain yield of 4619
kg ha-1 was recorded in control (weedy check).
Herbicidal treatments resulted in considerably lower
cost of cultivation compared to hand weeding. The Net
returns (N 64110 ha-1) and B:C ratio (2.27) was found
maximum with atrazine 50% WP @ 1.5 kg a.i. ha-1 as PE
followed by tembotrione 34.4% SC @ 120 g a.i. ha-1 as
PoE at 25 DAS. The results are also supported by
Sivamurugan et al. (2017). This was comparable with
application of pendimethalin (1.0 kg a.i. ha-1) as PE fb
atrazine 50% WP (0.75 kg a.i. ha-1) + 2,4-D amine salt
58% SL (0.5 kg a.i. ha-1) at 25 DAS as POE.

Conclusion
Continuous uses of selective herbicide like atrazine for both
pre and post emergence weed control may result in
development of resistant biotypes. This calls for new
molecules like tembotrione offers better weed control to
avoid shift in the weed flora and as a post-emergence
compared to earlier recommendation of atrazine as preemergence only and from the results it could be concluded

that application of atrazine 50% WP @ 1.5 kg a.i. ha-1 as
PE fb tembotrione 34.4% SC @ 120 g a.i. ha-1 at 25 DAS
as PoE recorded higher grain yield (7544 kg ha-1), net
returns (N 64110 ha-1) and B:C ratio (2.27) followed by
the application of pendimethalin (1.0 kg a.i. ha-1) as PE
fb atrazine (0.75 kg a.i. ha-1) + 2,4-D amine salt (0.5 kg
a.i. ha-1) at 25 DAS as PoE with netreturns of N 60392
ha-1 and B:C ratio of 2.24.
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Earthworm activity under contrasting tillage practices and cropping pattern
N. Kumar1 · S. B. Suby1 · C. M. Parihar2 · S. L. Jat1 · G. Gambhir1

Abstract: Earthworms play an important role in
improving the soil biophysical properties by burrowing
action, improved soil aggregates stability and fertility.
Tillage practices and cropping pattern influence both
abundance and diversity of earthworms. Therefore, the
present study was carried out to study the effects of
contrasting tillage practices [Permanent bed (PB), Zero
tillage (ZT) and Conventional tillage (CT)] and diversified
cropping systems [Maize-Wheat-Mungbean (MWMb),
Maize-Chickpea-Sesbania (MCS), Maize-MustardMungbean (MMuMb) and Maize-Maize-Sesbania (MMS)]
on earthworm activity. Earthworm activity was observed
during kharif season 2019 by counting the earthworm
castings from three random spots in a plot using a square
meter quadrant at flowering stage of maize. The findings
of present study showed that zero tillage plot resulted
higher number of earthworm castings and among the
cropping system plots MWMb system plots have
maximum earthworm castings.

To increase profitability of agriculture, farmers deploy
improved cultivars, increased use of mechanization and
extensive use of agricultural chemicals (fertilizers and
pesticides). Intensive farming, characterized by over

exploitation of soil and water, depletion of soil organic
matter content and decreasing diversity of soil enriching
fauna is the major threat to agricultural sustainability. As
an alternative to conventional tillage practices,
conservation agriculture (CA) is being promoted which
has positive impact on soil environment and answer to
accelerated degradation of cultivated land. Several
researchers reported that CA improves the soil structure,
aggregation, porosity, hydraulic conductivity, infiltration,
soil moisture content, soil carbon content, soil fauna and
their activities (Osunbitan et al., 2005; Allen et al., 2011
and Parihar et al., 2016). Earthworms along with the ants
and termites are considered as ecosystem engineers owing
to their role in soil formation through their burrowing
which improves the soil porosity, breakdown of complex
organic matter in to simpler form which is further acted
upon by other microbes, thus improving the soil fertility
(Blanchart et al., 2004; Edwards and Shipitalo, 1998). The
earthworm population under field condition mainly
affected by frequency of tillage (Ivask et al., 2007) due
to mechanical injury and by destroying the earthworm
habitat (Gerard and Hay, 1979; Nuutinen, 1992).
Furthermore, the kind and diversity of crop residue covers
also effects earthworms population, since the source of
food for earthworms is dead organic matter (Riley et al.,
2008). Therefore, the present study was conducted to
analyze the effect of contrasting tillage practices and crop
residue covers on earthworm activity.
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The experimental site was located at the research farm
of the ICAR-Indian Agricultural Research Institute, Pusa
Campus, New Delhi, India (28°40′ N, 77°12′ E and 229 m
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elevation). The experiment was laid out in split-plot design
with 3-tillage practices [zero tillage (ZT), permanent raised
bed (PB) and conventional tillage (CT)] as main plot
treatment and 4-intensified crop rotations as sub-plots
[maize-wheat-mungbean (MWMb), maize-chickpeaSesbania (MCS), maize-mustard-mungbean (MMuMb)
and maize-maize-Sesbania (MMS)] treatment, replicated
three times. The detailed description of the field
experiment is given in Parihar et al. (2016). The
observations were taken during kharif 2019 at flowering
stage of maize.
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and lowest was in CT (18.25/m2) (Table 1, Figure 2).
These differential earthworm castings under contrasting
tillage practices may be due to number of soil factors i.e.,
soil type, soil texture, soil organic C and soil water content,
tillage practices, crop residue cover (quality and quantity
as well as uniform soil cover), and preceding crop (Chan,
2001). In PB plots the lower earthworm casting may be
due to uneven distribution of surface residue cover. The
least number of earthworm castings in CT plots is in line
with the findings of Mullins (2004) which was mainly due
to tilling damages on earthworms (Giannitsopoulos et al.,
2020).

Counting of earthworm castings
Effect of cropping systems on earthworm population
Casting is an aggregate of loosely adhered pellets situated
over an earthworm burrow hole (Figure 1). Number of
such castings was taken from three random spots from
the middle row of each plot. To count the number of
earthworm castings a quadrate of 1 m2 was placed on soil
surface and all castings were counted manually.

Cropping systems significantly affected earthworm
activity. This could be due to variation in quality and
quantity of different crops in promoting growth and
development of earthworms either directly as its food

Statistical analysis

Table 1. Number earthworm castings under different tillage
practices and cropping systems

All the recorded data was analysed in split-plot design
using SAS 9.3 software (SAS Institute, Cary, NC. The
least significant difference test was used to decipher the
effect of treatments at 5% level of significance (P < 0.05).

Results and discussion

Treatment

Earth worm castings per 1 m2

Tillage practices
Permanent raised bed

18.92

Zero tillage

20.58

Conventional tillage

18.25

C.D.

1.52

Cropping systems

Effect of tillage on earthworm population
Number of earthworms castings were found to maximum
(20.58/m2) under ZT plots followed by in PB (18.92/m2)

Figure 1. Earthworm castings (encircled)

Maize-Wheat-Mungbean

21.56

Maize-Chickpea-Sesbania

19.44

Maize-Mustard-Mungbean

18.78

Maize-Maize-Sesbania

17.22

C.D.

1.99

Figure 2. Number earthworm castings under different tillage
practices and cropping systems
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source or indirectly by influencing its habitat. Some of
the past studies reported that leguminous crop residue with
lower C/N results higher earthworm populations (Bilalis
et al., 2009; Parihar et al., 2018). In our study highest
number of earthworm castings was found in MWMb
cropping system plots (21.56/m2) which was followed by
MCS plots (19.44/ m2), while the least was found in the
MMuMb (18.78/m2) and MMS (17.22/m2) plots, which
were statistically at par to each other (Table 1, Figure 2).
Reduction in earthworm activity under MMS and
MMuMb system plots could be due to low C/N ratio and
release of glucosinolates from mustard crop residue
respectively. Mustard was reported to have some adverse
effect on earthworm population (Valckx et al., 2011).

Conclusions
Crop management practices (tillage and cropping systems)
plays significant role in increasing the soil fauna
particularly the earthworms, which are one of the most
important ecosystem indicator for better soil health. The
present study indicates zero tillage and maize-wheatmungbean system could be favourable for earthworm
activity. Although, these findings are of one year but still
gives an indication towards better soil health and for valid
conclusion it may need further investigation.
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SHORT COMMUNICATION

Techniques for artificial infestation of stem borer, Sesamia inferens (walker)
for screening maize germplasm
M. Lavakumar Reddy1 · D. Sreelatha1 · J. C. Sekhar2 · P. Lakshmi Sowjanya2

Abstract: Field studies conducted by observing larval
recovery of Sesamia inferens (walker) from plants released
with 1, 2, 5, 10, 15, 20 larvae and egg mass (25 eggs)
per plant by dissecting at periodic intervals revealed that
the release of egg mass led to maximum larval recovery
followed by release of 20, 15, 10 and 5 larvae per plant.
Therefore, the release of egg mass consisting of 25 eggs
at black head stage into the bottom most leaf sheath when
the plants are about 12-15 days old is the best for artificial
infestation of maize plants for screening against pink borer.
However, if larvae are to be released, fifteen to twenty
larvae are required per plant to get sufficient plant injury
for screening across the germplasm for resistance.
Keywords: Artificial infestation · Maize · Sesamia inferens
(Walker)

Pink borer Sesamia inferens (Walker) is a serious pest
in peninsular India, limiting the production of maize during
rabi season. Any sound integrated pest management must
have resistant variety as one of its components. For
development of resistant variety or hybrid, a large-scale
field screening of germplasm is a pre-requisite. To study
host-plant resistance, it is essential to develop an efficient
and reliable screening technique that ensures the desired
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level of insect pressure uniformly. This can be met either
by selecting a location where the pest occurs regularly
(hot spot) or by testing the germplasm under artificial
infestation with laboratory reared insects. In this context
a study of standardization of artificial infestation of S.
inferens is essential for release of appropriate numbers at
the appropriate stage of crop growth to obtain uniform
infestation for screening maize germplasm against pink
borer. The present investigation was undertaken to study
the requirement of egg mass/larval density per plant to get
sufficient plant injury for screening across the germplasm
for resistance.
A field experiment was conducted with single cross
maize hybrid DHM 117 at Maize Research Centre, ARI,
Rajendranagar, Hyderabad, Telangana during rabi, 20142015. A non-replicated trial was laid out with seven
treatments consisting each plot size 45 sq. m (20 rows
of 3 m length). Seven treatments were formulated with
the release of neonate larvae of S. inferens @ 1, 2, 5, 10,
15, 20 numbers and egg mass (25 eggs/egg mass) per
plant. A spacing of 0.75 × 0.20 m between row to row
and plant to plant was followed respectively also a distance
of 1 m was kept between the treatments. Then, at 12-15
after germination (DAG) plants were inoculated with the
neonate larvae (1, 2, 5, 10, 15 and 20 numbers) and egg
mass (25 eggs/egg mass) with the help of fine brush.
Larvae were released in to the lower leaf sheath and egg
mass also was placed in the lower leaf sheath which is
the oviposition site of pink borer (Siddiqui and Marwaha
1993). Larval recovery was recorded by adopting
destructive sampling technique at periodic intervals viz.,
1, 2, 3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 40, 45, 50 and 55
days after entry of the larvae into the plants, five plants
were dissected to record the observation. Data collected
on larval recovery were analyzed statistically.
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The results revealed that, overall larval recovery
progressively decreased with increase in days after
infestation (DAI) irrespective of the number of larvae
released. The mean number of larvae recovered per plant
dissected at 1, 2, 3, 5, 7, 10, 15, 20, 25, 30, 40, 45, 50
and 55 DAI was 4.71, 3.33, 2.63, 2.27, 1.79, 1.64, 1.40,
1.34, 1.03, 0.94, 0.74, 0.61, 0.50, 0.51, and 0.54 larvae
per plant respectively (Table 1). The larval recovery was
maximum at 1 DAI (11.0) followed by 2 (5.10), 3 (2.80),
5 (2.90), 7 (2.80), 10 (2.90) and 15 DAI (2.10) when
infested with egg mass. Subsequently from 15 DAI
onwards, the larval recovery declined steeply and the trend
was similar as in the case of plants infested with 20, 15,
10 and 5 larvae per plants, where as in the case of plants
infested with 1 and 2 larvae per plant, the larval recovery
was < 1 from 1st day of infestation (1 DAI) onwards.
The mean per cent larval recovery per plant when
dissected at 1, 2, 3, 4, 5, 7, 10, 15, 20, 25, 30, 35, 40,
45, 50 and 55 DAI was 38.29, 26.38, 22.26,16.29, 13.04,
10.12, 9.23, 8.56, 5.59, 3.70, 3.13, 1.21, 0.50, 0.59, and
0.75 per cent respectively. The data revealed that, per cent
larval recovery is found to be significantly high in plants
released with 5 larvae per plant (15.30 per cent) which is
at par with release of egg mass (13.48 per cent) followed
by release of 10, 15 and 20 larvae per plant with per cent
recovery of 12.43, 11.87 and 9.40 respectively (Table 1).
It is evident from the data that the larval recovery was
significantly high in plants released with egg mass (25
eggs) with 2.62 mean larvae per plant followed by release
of 20,15,10 and 5 larvae per plant with mean larval
recovery of 2.28, 2.21, 1.69 and 1.24 larvae per plant
respectively (Table 1). Usua (1973) observed that damage
by maize stalk borer Busseola fusca Full had a positive
correlation with the number of larvae per plant. Similar
relationship was also reported by Lynch et al. (1980) and
khatri et al. (1983) with Ostrinia nubilalis in maize.
The Plant injury was negligible in plants released with
1 and 2 larvae per plant and not sufficient and uniform in
plants released with 5 and 10 larvae per plant. However,
the plant injury was sufficient and uniform in plants
released with egg mass, 20 and 15 larvae per plant and
could able to get plants having a rating scale of 1 to 9.
The higher insect population would create near epidemic
conditions in selecting the real tolerant sources.
There was a progressive decrease in the number of
larvae recovered from infested plants with increase in
plant age. This might be due to production of certain

Mean No. of larvae recovered

62

No. larvae / egg mass released

One egg mass
(25 eggs)

Figure 1. Larval recovery of Sesamia inferens (walker) by
destructive sampling

biochemical compounds (s) at later stage of the crop,
natural predation and environmental factors which affected
larval survival. Progressive decrease in the number of C.
partellus larvae recovered from the leaf whorl with
increase in plant age was documented by Sarup et al.
(1977) and Seshu Reddy & Sum (2011) on different maize
genotypes and attributed it to antibiosis mechanism of the
plant. Therefore, 12-15 days after germination is the right
stage for artificial infestation which is the most critical
stage of the maize crop growth to succumb to maximum
insect damage. Sarup et al (1977) recommended field
screening of maize germplasm for resistance to C.
partellus by introducing 25-30 black head stage eggs of
C. partellus into the whorls of 15-19 day old plants.
The data revealed that the release of egg mass led to
maximum larval recovery followed by release of 20,15,
10 and 5 larvae per plant. Therefore the release of egg
mass consisting of 25 eggs at black head stage into the
bottom most leaf sheath when the plants are about 12-15
days old is the best for artificial infestation of plants for
screening against pink borer. However, if larvae are to be
released, fifteen to twenty larvae are required per plant to
get sufficient plant injury for screening across the
germplasm for resistance. However, Butcheswara Rao
(1983) recommended 10-15 eggs (at black head stage)
of S. inferens for infestation introduced into the bottom
most leaf sheath when the plants are about 12 -15 days
old. This standardization of artificial infestation will help
in efficiently screening of germplasm tolerant / resistant
to Sesamia inferens. Such resistant materials will
contribute significantly in developing pink stock borer
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tolerant / resistant varieties or hybrids in the Indian Maize
improvement.
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