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ABSTRACT

Analysis of genetic variability for kernel zinc (Zn) concentration was undertaken on 81 maize (Zea mays L.) genotypes,
including 13 inbreds from CIMMYT-HarvestPlus, in this study. Kernel Zn concentration varied significantly with a range
of 3.81 to 35.83 mg/kg across three years of evaluation (2006-2008). Among the genotypes evaluated during 2006, IML
289 showed highest kernel Zn concentration (35.83 mg/kg), followed by HP 12 (31.69 mg/kg), HP 35-6 (29.02 mg/kg),
HP 1 (27.24 mg/kg) and IML 119 (25.77 mg/kg). During kharif 2007, nine genotypes recorded kernel Zn more than 25
mg/kg. Among the landrace accessions, IML 312 (30.30 mg/kg), IML 185 (28.56 mg/kg), IML 288 (26.34 mg/kg), IML
119 (25.88 mg/kg) and IML 390 (25.75 mg/kg) were found promising, while the inbreds BAJIM 06-5 (28.72 mg/kg), CM
145 (25.89 mg/kg), CM 127 (25.45 mg/kg) and BAJIM 06-12 (25.44 mg/kg) recorded kernel Zn concentration. Among
the inbreds evaluated during 2008, BAJIM 06-1 (24.74 mg/kg) was identified as the best genotype, followed by V 336
(23.36 mg/kg), CM 145 (22.18 mg/kg), CM 140 (21.09 mg/kg), V 340 (20.56 mg/kg), V 348 (20.17 mg/kg) and BAJIM-
06-6 (20.02 mg/kg). The study revealed significant genotype × year interaction for kernel Zn concentration.  Stability
analysis revealed that variances due to genotype, year + genotype × year, year (linear) and pooled deviation were significant.
Taking into consideration of regression coefficient and deviation from linearity, V 336, VQL 1, V 334 and CM 139 could
be identified as stable genotypes for kernel Zn concentration across the years.

Key words: Genotype × year, Maize, Stability, Variability, Zinc

‘Hidden hunger’ a popular phrase to denote
‘micronutrient malnutrition’ has become an alarming problem,
and affects nearly two billions of people particularly in the
resource poor families of the developing world (Kennedy et
al. 2003, Bouis and Welch 2010). More than five million
deaths during the childhood are primarily due to the
micronutrient deficiency (Anonymous 2007). In India, 230
million people were reported to be undernourished, accounting
for more than 27% of the world’s undernourished population
(Lodha et al. 2005). Malnutrition in general causes increased

morbidity, disability, stunted mental and physical growth
and reduced socioeconomic development (WHO and FAO,
2003). Considering the importance of the widespread menace
of micronutrient deficiency, Millennium Development Goals
(MDGs) were adopted by the General Assembly of the UN,
and ‘child mortality’ and ‘maternal health’ were included
among the problems affecting the world population the most
(UN 2000, UNSCN 2004). Among the various mineral
elements, iron (Fe), zinc (Zn) and vitamin-A are the most
common that have been found deficient predominantly in
cereal-based human diet (Pfeiffer and McClafferty 2007,
Bouis et al. 2011). Deficiency of Zn in the diet leads to
anorexia, depression and psychosis, impaired growth and
development, altered reproductive biology, gastro-intestinal
problems and impaired immunity (Solomons 2003). While
mild to moderate Zn deficiency is common throughout the
world, approximately half of the world’s population is affected
by low Zn intake (Sandstead 1995, Cichy et al. 2005).

Methods such as food fortification, supplementation and
diet diversification have been recommended to ameliorate
problems of micronutrient malnutrition (Maberly et al. 1994,
Underwood 2000). However, these measures in general have

1Associate Professor (satishguleria_in@rediffmail.com),
Bajaura Centre, CSK-HPKV; 2Associate Professor (rkchahota@
yahoo.com), 3Reseach Associate (drpardeepviro@gmail.com),
4Reseach Associate (ashokpbq@yahoo.com), CSK-HPKV,
Palampur; 5Former ICAR National Fellow, Division of Genetics,
IARI, New Delhi; presently Director, Global Maize Program,
CIMMYT (International Maize and Wheat Improvement Center),
Nairobi, Kenya (e-mail: b.m.prasanna@cgiar.org), 6Senior Scientist
(email: fh_gpb@yahoo.com), Division of Genetics, IARI, New
Delhi; 7Head & Principal Scientist (pawancrri@yahoo.co.in),
Division of Crop Improvement, VPKAS, Almora; 8Director
(director@iari.res.in), IARI, New Delhi.



837August 2013] GENETIC ANALYSES OF KERNEL ZN CONCENTRATION IN MAIZE

37

kernel Zn concentration at the CSKHPKV, HAREC, Bajaura
Experimental Station across three years during the kharif
(monsoon) season of 2006, 2007 and 2008. Among these, 80
and 54 diverse genotypes including inbreds and landraces
were evaluated during 2006 and 2007, respectively, and 21
inbred lines were analyzed during 2008.

The experiment was conducted in a randomized complete
block design (RCBD) with two replications per entry and
one row of 3 m length each per replication; 20 cm plant-to-
plant spacing and 60 cm row-to-row spacing were maintained
in all the three years (2006-2008). Standard agronomic
practices, including N:P:K @ 120:60:40 kg/ha, were followed
for raising and maintenance of the crop. Soil Zn concentration
of the experimental blocks was analyzed, besides recording
of the important weather parameters. Ears (including the
husk) were hand-harvested and dried under clean shade to
lower the grain moisture content to 14%. Representative
kernel samples for each entry were drawn in triplicate by the
quartering method, and the individual samples were ground
into fine powder using a mill. Biochemical estimation of
kernel Zn concentration was carried out by digestion with
9:4 diacid mixture (HNO3: HClO4), followed by recording of
observations by the atomic absorption spectrophotometer
(AAS) method, as per the protocol described by Zarcinas et
al. (1987) and Singh et al. (2005). The individual datasets
were analyzed for analyses of variance (ANOVA) and
comparison of means was done using PROC GLM of SAS
Version 9.1 (SAS Institute 2005). The dataset of 21 common
genotypes, evaluated during 2006-2008, was analyzed for
stability parameters using Windostat Version 8.0.

RESULTS AND DISCUSSION

Analysis of variance (ANOVA) revealed significant
variation for kernel Zn concentration among the genotypes
analyzed in all the three years (Table 1). Earlier reports
(Banziger and Long 2000, Dixon et al. 2000, Menkir 2008,
Prasanna et al. 2011) indicated wide variation for kernel Zn
concentration in maize genotypes.

The kernel Zn concentration during 2006 varied from
3.81 to 35.83 mg/kg, while it ranged from 10.31 to 30.30 mg/
kg and 14.65 to 24.74 mg/kg, during 2007 and 2008,
respectively. Banziger and Long (2000) reported a range of
12.9-57.6 mg/kg of kernel Zn, among a large set of maize
genotypes from Mexico and Zimbabwe. Prasanna et al. (2011)
reported a similar range (15.14-51.35 mg/kg). In contrast,
much narrower ranges of 16.5-24.6 mg/kg (Oikeh et al.
2003), 18.4-24.6 mg/kg (Oikeh et al. 2004), 16.0-23.6 mg/kg
(Brkic et al. 2003), 19.1-29.8 mg/kg (Long et al. 2004) and
14-41 mg/kg (Menkir 2008) and 7.0-29.9 mg/kg (Agrawal et
al. 2012) were reported in different studies, including inbreds,
open-pollinated varieties and hybrids.

The mean kernel Zn concentration across all genotypes
in the present study was found to be low (13.45 mg/kg)
during kharif 2006, while it was almost similar during the

not been largely successful for an array of reasons including
undesirable chemical properties of the substances, faulty
food distribution system, and economic background of the
resource-poor people (Garcia-Casal 2003, Shrestha et al.
2003). Thus, development of micronutrient enriched or
‘biofortified’ crops through breeding hold significant promise
for cost-effective and sustainable food based solutions
(Banziger and Long 2000, Graham et al. 2001, Pfeiffer and
McClafferty 2007, Bouis and Welch 2010, Gilligan 2012).
Further, through this approach, the micronutrients would
reach the target group in their natural form and can potentially
fulfill the daily body requirements (Long et al. 2004, Bouis
2002, Pfeiffer and McClafferty 2007). Besides, micronutrient-
rich cultivars, in general, have better and deeper root system
in micronutrient-deficient soils and are better able to tap the
subsoil water and minerals. Micronutrient-dense seeds are
also associated with greater seedling vigour.

Maize is an important food and feed crop in the
developing world; together with rice and wheat, maize
provides at least 30% of the food calories to more than 4.5
billion people in 94 developing countries (Shiferaw et al.
2011). In India, approximately 25% of maize produce is used
for human consumption (Kaul et al. 2009). Analysis of genetic
variability for kernel micronutrients in the available maize
germplasm and their potential to utilize them in breeding
programmes assume significance. However, such studies
were undertaken mostly in the US and in Africa, especially
under the HarvestPlus Program, involving mainly the locally
adapted germplasm (Banziger and Long 2000, Brkic et al.
2003, Oikeh et al. 2003, 2004, Menkir 2008). Very few
studies have been carried out so far on kernel micronutrients
in the Indian maize germplasm (Prasanna et al. 2011,
Chakraborti et al. 2011, Agrawal et al. 2012). In view of the
importance of maize crop, as both food and feed, and the
need for strengthening the maize biofortification programme
in the Himachal Pradesh in India, the present study was
undertaken. The objectives of the study are to (i) evaluate a
set of maize genotypes, including Indian and exotic, for
kernel Zn concentration; (ii) assess the stability of
performance of the maize genotypes across different years of
evaluation, and (iii) identify promising inbreds that can be
utilized in breeding for kernel Zn-enriched maize.

MATERIALS AND METHODS

A set of 81 maize genotypes, including 20 inbreds
developed by the Chaudhary Shravn Kumar Himachal
Pradesh Krishi Vishvavidyalaya (CSKHPKV), 14 elite lines
developed under the All-India Coordinated Maize
Improvement Programme, 11 inbreds from Vivekananda
Parvatiya Krishi Anusandhan Sansthan (VPKAS), Almora,
13 inbreds from the HarvestPlus-Maize Programme, 3 inbreds
(CIMMYT Maize Lines or CMLs) developed by CIMMYT,
Mexico, and 20 selected maize landrace accessions from
India (Indian Maize Landraces; IMLs), were analyzed for
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for kernel Zn concentration in maize was also reported
(Prasanna et al. 2011). In contrast, no significant genotype ×
location interaction for kernel Zn concentration was reported
by Menkir (2008).

Since the G × Y interaction was found to have significant
effects on Zn concentration, AMMI (Additive Main effect
and Multiplicative Interaction) stability model was applied
for further partitioning of various variance components (Zobel
et al.1988). However the AMMI analyses revealed that the
dataset from the present study was not of multiplicative type.
Therefore, the dataset was further analyzed using the model
suggested by Eberhart and Russell (1966). The analyses
revealed that variance due to genotypes, year + genotype ×
year, year (linear) and pooled deviation were significant
(Table 3). The sum of squares for pooled deviation for kernel
Zn was nearly 5.93% to the total sum of squares, suggesting
that kernel Zn concentration could be influenced by the
environmental conditions, albeit to a low degree. The
environmental indices for kernel Zn concentrations were

next two years (19.77 mg/kg and 18.56 mg/kg during 2007
and 2008, respectively). Among the landraces evaluated
during 2006, IML 289 (IC 199115 from Nalanda, Bihar)
showed highest kernel Zn concentration (35.83 mg/kg),
followed by IML 119 (25.77 mg/kg; IC 77433 from Jai
Singhpura, Haryana) and IML 205 (19.41 mg/kg; IC 130666
from Kohima, Nagaland). Among the inbred lines, HP 12
recorded the highest kernel Zn (31.69 mg/kg) during kharif
2006, followed by HP 35-6 (29.02 mg/kg), HP 1 (27.24 mg/
kg), HP 4 (21.07 mg/kg), HP 3 (20.41 mg/kg) and CM 122
(20.30 mg/kg). During kharif 2007, nine genotypes recorded
kernel Zn more than 25 mg/kg. Among the landraces, IML 312
(30.30 mg/kg; IC 251347; Paheli Makai from Sikkim) was
the most promising, followed by IML 185 (28.56 mg/kg; IC
108151 from Mandi, Himachal Pradesh), IML 288 (26.34 mg/
kg; IC 199114 from Bhagalpur, Bihar), IML 119 (25.88 mg/
kg) and IML 390 (25.75 mg/kg; a landrace from Sikkim).
Among the inbreds, BAJIM 06-5 recorded the highest Zn
concentration with 28.72 mg/kg, followed by CM 145 (25.89
mg/kg), CM 127 (25.45 mg/kg) and BAJIM 06-12 (25.44
mg/kg). Among the 21 inbreds lines evaluated during 2008,
BAJIM 06-1 (24.74 mg/kg) was identified as the most
promising, followed by V 336 (23.36 mg/kg), CM 145 (22.18
mg/kg), CM 140 (21.09 mg/kg), V 340 (20.56 mg/kg), V 348
(20.17 mg/kg) and BAJIM 06-6 (20.02 mg/kg). Prasanna et
al. (2011) also reported similar performance of IML 119,
IML 288, CM 145, V 336 and CM 140, while analyzing
kernel micronutrients in 30 diverse inbred lines.

Performance of a genotype at a particular location across
years is an important factor to identify the promising and
stable genotypes for a site specific breeding programme.
Keeping this in view, stability parameters were estimated
among the 21 common maize genotypes evaluated across
2006-2008 in the present study. The analysis revealed
significant effects of genotype × environment interaction
(G × Y) on kernel Zn concentration, indicating in general
differential behaviour of genotypes under the three different
years (Table 2). The sum of squares for G × Y for kernel Zn
concentration was 27.48% of the total sum of squares,
indicating the influence of year in determining kernel Zn.
Agrawal et al. (2012) also reported similar degree of G × Y
interaction for kernel Zn in maize inbred lines evaluated at
VPKAS, Almora. Significant effects of genotype × location
× year interaction for kernel Zn in maize were earlier reported
by Oikeh et al. (2004). Effect of genotype × year interactions
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Table 2 Analysis of variance and interaction components for kernel
Zn concentration in maize

Source of variation df SS MSS

Genotypes 20 750.62 37.53**
Years 2 1598.78 799.39**
Genotype × Year 40 915.77 22.89**
Error 63 66.62 1.05

df: Degrees of freedom; SS: Sum of squares; MSS: Mean sum of
squares; *Significant at P = 0.05; *Significant at P = 0.01

Table 3 ANOVA and variance components (based on Eberhart
and Russell model)

Source of variation df SS MSS

Replications within year 3 2.36 0.79
Genotypes 20 375.31 18.77*
Year + Gen. × Year 42 1257.28 29.94**
Year (linear) 1 799.39 799.39**
Gen. × Year (linear) 20 284.36 14.21
Pooled deviation 21 173.53 8.26*
Pooled Error 60 30.95 0.51

d.f.: Degrees of freedom; SS: Sum of squares; MSS: Mean sum
of squares; *Significance at P = 0.05; *Significance at P = 0.01

Table 1 ANOVA for kernel Zn concentration for different sets of inbreds evaluated during 2006-2008

Sources of variation df 2006 df 2007 df 2008
SS MSS SS MSS SS MSS

Replication 1 0.0001 0.0001 1 4.09 4.09 1 2.40 2.40
Genotypes 79 5483.88 69.42** 53 2421.96 45.69** 20 309.33 15.47**
Error 79 97.28 1.23 53 69.62 1.31 20 24.27 1.21

df, Degrees of freedom; SS, Sum of squares; MSS, mean sum of squares;*significant at P = 0.05; *significant at P = 0.01
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inbreds was although lower than the grand mean but was
quite comparable to the ‘grand mean’ of the population.
Considering this, V 336, VQL 1, V 334 and CM 139 were
thus identified as promising genotypes.

The study thus revealed significant genetic variation for
kernel Zn concentration in the Indian and exotic maize
genotypes, suggesting adequate scope for genetic
improvement. Although kernel Zn was affected by years and
G × Y, it is possible to identify genotypes that show relatively
stable performance. Promising and stable genotypes,
identified in the present study could be potentially utilized in
development of kernel Zn- enriched maize cultivars adapted
to the hill regions of India.
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–5.03, 2.69 and 2.35 during 2006, 2007 and 2008, respectively,
indicating that kharif 2006 was the most unfavourable
environment for the accumulation of kernel Zn concentration,
while kharif 2007 was more optimal environment, followed
by kharif 2008.

The genotype × environment interaction for kernel
micronutrients is generally attributed to soil nutrient profile,
which influences the accumulation of micronutrients in grain
(Oikeh et al. 2003). This holds true when experiments are
conducted under different locations with different soil profiles.
However, in the present study, the trials were undertaken at
the same station (CSK-HPKV, HAREC, Bajuara) under
similar soil profiles during 2006-2008. The Zn concentration
of the soil was 0.50 ppm during 2006, while it was 0.58 ppm
and 0.54 ppm, during 2007 and 2008, respectively. Thus, the
G × Y interactions could not be attributed to the status of soil
Zn alone. As regards to weather parameters, the maximum
and minimum temperatures remained almost similar in the
kharif season (June-September) of 2006, 2007 and 2008.
However, kharif 2006 and 2007 experienced 380.30 mm and
369.80 mm of total rainfall during the crop growth period,
while the total rainfall was substantially higher (627.70 mm)
during 2008. It is important to note that kernel Zn reported
highest mean during 2007 that experienced least rainfall
among three years (Table 4). Similar observation regarding
accumulation of high Zn in maize kernel with respect to less
rainfall has also been reported by Prasanna et al. (2011) and
Agrawal et al. (2012). Ferreira et al. (2012), while
experimenting with 10 maize cultivars grown at Rolandia
County, Parana State, Brazil also observed similar trend and
emphasized significant effects of soil water availability on
grain micronutrient concentration. The per se performance
of maize genotypes especially for micronutrients is dependent
on complex network of diverse factors related to genotypic
constitution, its interaction with environment, soil dynamics
and micro-climates (Feila et al. 2005, Gorsline et al. 1964,
House 1999). Even changes of minor degree in one factor, in
combination with other factors, could lead to significant
variation in micronutrient traits. Factors such micro-
environmental variations, spatial and temporal variation,
system variations caused by the differential management
practices are also reported to cause significant effects on the
accumulation of micronutrients (Pfeiffer and McClafferty
2007).

In spite of significant G × Y effects on kernel Zn
concentration, it is possible to identify genotypes that
show considerable stability in mineral concentrations across
years (Gregorio 2002). Taking into consideration the
regression coefficient and deviation from linearity V336,
VQL 1, V 334 and CM 139 were found to be stable across
years (Table 4). Among these stable inbreds, V 336 had
higher kernel Zn concentration (17.25 mg/kg, across three
years) as compared to grand mean (16.21 mg/kg) of the
population. The mean kernel Zn concentration of other three

Table 4 Mean kernel Zn concentration (mg/kg) of inbreds in
different years and mean estimates of stability parameters

Inbreds Kernel Zn (mg/kg) S2
di bi

2006 2007 2008 Grand
mean

BAJIM 06-1 12.64 15.23 17.57 15.15 2.61* 0.49
BAJIM 06-6 6.05 20.53 20.02 15.53 –0.52 1.88*
BAJIM 06-8 8.92 18.40 15.43 14.25 2.88* 1.07
BAJIM 06-10 15.17 22.47 24.74 20.79 2.97* 1.11
BAJIM 06-15 15.09 23.20 16.17 18.15 22.72** 0.64
BAJIM 06-19 6.87 24.66 16.51 16.01 27.82** 1.85
BAJIM 06-20 7.26 13.50 16.77 12.51 6.03** 1.03
CM 128 14.42 23.07 17.25 18.25 14.92** 0.79
CM 129 8.26 20.39 19.63 16.09 –0.50 1.56*
CM 139 12.36 14.64 15.24 14.08 –0.27 0.34
CM 140 8.45 21.58 21.09 17.04 –0.53 1.71*
CM 145 16.03 25.89 22.18 21.37 5.08** 1.08
CM 153 17.13 17.41 14.65 16.40 3.41**–0.13
CM 212 6.06 11.09 17.71 11.62 23.89** 1.07
HP 2 16.18 24.81 19.69 20.23 11.20** 0.83
V 334 9.91 17.23 15.61 14.25 0.35 0.87
V 336 6.15 22.25 23.36 17.25 1.19 2.20
V 340 10.37 15.55 20.56 15.49 13.79** 0.99
V 348 9.33 15.70 20.17 15.07 11.24** 1.12
VOL 1 12.14 17.23 17.87 15.75 –0.14 0.71
VQL 5 16.00 12.08 17.58 15.22 14.29**–0.18
Mean 11.18 18.90 18.56 16.21 7.73 1.00
± SE 0.96 0.97 1.10 2.03 2.00 0.47

BAJIM: Bajaura Inbred Maize; CM: Coordinated Maize (from
All-India Coordinated Maize Improvement Project); V: Vivek Inbred;
VQL: Vivek QPM Line; HP: HarvestPlus-CIMMYT line; bi:
Regression coefficient; S2

di: Deviation from regression; *Significant
at P = 0.05; ** Significant at P = 0.01.



840 [Indian Journal of Agricultural Sciences 83 (8)

40

GULERIA ET AL.

undertaken in collaboration with CIMMYT-HarvestPlus team.
The authors sincerely thank CIMMYT-HarvestPlus-Maize
team for sharing the HarvestPlus maize lines, and for
providing valuable suggestions during the course of the study.
We sincerely acknowledge the contributions of late Dr P
Plaha, Former Professor, CSKHPKV, Palampur for this study.

REFERENCES

Agrawal P K, Jaiswal S K, Prasanna B M, Hossain F, Saha S,
Guleria S K and Gupta H A. 2012. Genetic variability and
stability for kernel iron and zinc concentration in maize (Zea
mays L.) genotypes. Indian Journal of Genetics and Plant
Breeding 72: 421–8.

Anonymous. 2007. The Copenhegen consensus 2008 Results. p
1–6. http://www. copenhegenconsensus.com.

Banziger M and Long J. 2000. The potential for increasing the iron
and zinc density of maize through plant-breeding. Food Nutrition
Bulletin 21: 397–400.

Bouis E H. 2002. Plant breeding: a new tool for fighting micronutrient
malnutrition. Journal of Nutrition 132: 491S–494S.

Bouis H W and Welch R M. 2010. Sustainable agricultural strategy
for reducing micronutrient malnutrition in the global south.
Crop Science 50: S20–S32.

Bouis H, Hotz C, McClafferty B, Meenakshi J V and Pfeiffer W.
2011. Biofortification: A new tool to reduce micronutrient
malnutrition. Food Nutrition Bulletin 32(1): S31–S40.

Brkic I, Simic D, Zdunic Z, Jambrovic A, Ledencan T, Kovacevic
V and Kadar I. 2003. Combining abilities of corn-belt inbred
lines of maize for mineral content in grain. Maydica 48: 293–7.

Chakraborti M, Prasanna B M, Hossain F, Mazumdar S, Singh A M,
Guleria S K and Gupta H S. 2011. Identification of kernel iron-
and zinc-rich maize inbreds and analysis of genetic diversity
using microsatellite markers. Journal of Plant Biochemistry and
Biotechnology 20(2): 224–33.

Cichy K A, Shana F, Kenneth L G and George L H. 2005. Inheritance
of seed zinc accumulation in navy bean. Crop Science 45: 864–
70.

Dixon B M, Kling J G, Menkir A and Dixon A. 2000. Genetic
variation in total carotene, iron and zinc contents of maize and
cassava genotypes. Food Nutrition Bulletin 21: 419–22.

Eberhart S A and Russell W A. 1966. Stability parameters for
comparing varieties. Crop Science 6: 36–40.

Feila S, Mosera B, Jampatong S and Stampa P. 2005. Mineral
composition of the grains of tropical maize varieties as affected
by pre-anthesis drought and rate of nitrogen fertilization. Crop
Science 45: 516–23.

Ferreira C F, VargasMotta A C, Prior S A, Reissman C B, Santos dos
N Z and Gabardo J. 2012. Influence of corn (Zea mays L.)
cultivar development on grain nutrient concentration.
International Journal of Agronomy DOI: 10.1155/2012/842582.

Garcia-Casal M N. 2003. Carotenoids increase iron absorption
from cereal-based food in the human. Nutrition Research 26:
340–4.

Gilligan D O. 2012. Biofortification, agricultural technology
adoption, and nutrition policy: Some lessons and emerging
challenges. CESifo Economic Studies 58(2): 405–21.

Gorsline G W, Thomas W I and Baker D E 1964. Inheritance of P,
K, Mg, Cu, B, Zn, Mn, Al, and Fe concentrations by corn (Zea

mays L.) leaves and grain. Crop Science 4: 207–10.
Graham R D, Welch R M and Boius H E. 2001. Addressing

micronutrient malnutrition through enhancing the nutritional
quality of staple foods: principles, perspectives and knowledge
gaps. Advances in Agronomy 70: 77–142.

Gregorio G B. 2002. Progress in breeding for trace minerals in
staple crops. Journal of Nutrition 132: 500S-502S.

House W A. 1999. Trace element bioavailability as exemplified by
iron and zinc. Field Crop Research 60: 115–41.

Kaul J, Dass S, Sekhar J C and Bhardwaj M. 2009. Maize hybrids
and composite varieties released in India. DMR Technical Bulletin
2009/8, Directorate of Maize Research, New Delhi, p 40.

Kennedy G, Nantel G and Shetty P. 2003. The scourge of ‘hidden
hunger’: Global dimensions of micronutrient deficiencies. Food
Nutrition and Agriculture 32: 8–16.

Lodha M L, Prasanna B M and Pal R K. 2005. Alleviating ‘hidden
hunger’ through better harvest. Indian Farming 54: 20–3.

Long J K, Banziger M and Smith M E. 2004. Diallel analysis of
grain iron and zinc density in Southern African-adapted maize
inbreds. Crop Science 44: 2019–26.

Maberly G F, Trowbridge F L, Yip R, Sullivan K M and West C E.
1994. Programs against micronutrient malnutrition: ending
hidden hunger. Annual Review of Public Health 15: 277–301.

Menkir A. 2008. Genetic variation for grain mineral content in
tropical-adapted maize inbred lines. Food Chemistry 110: 454–
64.

Oikeh S O, Menkir A, Dixon B M, Welch R M and Glahn R P. 2003.
Genotypic differences in concentration and bioavailabilty of
kernel-iron in tropical maize varieties grown under field
conditions. Journal of Plant Nutrition 26: 237–9.

Oikeh S O, Menkir A, Dixon B M, Welch R M, Glahn R P and
Gauch G. 2004. Environmental stability of iron and zinc
concentrations in grain of elite early maturing tropical maize
genotypes grown under field conditions. Journal of Agricultural
Science 142: 543–51.

Pfeiffer W H and McClafferty B. 2007. HarvestPlus: breeding
crops for better nutrition. Crop Science 47(S3): S88–S105.

Prasanna B M, Mazumdar S, Chakraborti M, Hossain F, Manjaiaha
K M, Agrawal P K, Guleria S K and Gupta H S. 2011. Genetic
variability and genotype × environment interactions for kernel
iron and zinc concentrations in maize (Zea mays L.) genotypes.
Indian Journal of Agricultural Sciences 81: 704–11.

Sandstead H H. 1995. Is zinc deficiency a public health problem?
Nutrition 11: 87–92.

Shiferaw B, Prasanna B, Hellin J and Banziger M. 2011. Crops that
feed the world. 6. Past successes and future challenges to the
role played by maize in global food security. Food Security 3:
307–27.

Shrestha A K, Arcot J and Paterson J L. 2003. Edible coating
materials-their properties and use in the fortification of rice with
folic acid. Food Research International 36: 921–8.

Singh D, Chonkar P K and Dwivedi B S. 2005. A Manual on Soil,
Plant and Water Analysis. Westeville Publishers, New Delhi.

Solomons N W. 2003. Zinc deficiency. (In) Encyclopedia of Food
Sciences, 2nd edn. Benjamin Caballero (Ed) Elsevier Science
Ltd, Oxford, England.

Underwood B A. 2000. Overcoming micronutrient deficiencies in
developing countries: Is there a role for agriculture? Food
Nutrition Bulletin 21: 356–60.



841August 2013]

United Nations General Assembly. 2000. United Nations Millennium
Declaration. A/RES/55/2.

UNSCN. 2004. Nutrition for improved development outcomes. 5th

report on the world nutrition situation. United Nation’s System
Standing Committee on Nutrition, Geneva, Switzerland.

WHO and FAO. 2003. Joint WHO/FAO expert consultation on diet,
nutrition and the prevention of chronic diseases. World Health

Organization, Geneva, Switzerland.
Zarcinas B A, Cartwright B and Spouncer L R. 1987. Nitric acid

digestion and multi element analysis of plant material by
inductively coupled plasma spectrometry. Communication of
Soil Science and Plant Analysis 18: 131–46.

Zobel R W, Wright M J and Gauch H G. 1988. Statistical analysis
of a yield trial. Agronomy Journal 80: 388–93.

GENETIC ANALYSES OF KERNEL ZN CONCENTRATION IN MAIZE

41


