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Abstract 
Quality Protein Maize (QPM) hybrid is a beneficial 

crop. It showed better tolerance and resistance in 

different environmental condition growing across a 

wide range of agro ecological zones. QPM produced 

double amount of tryptophan and lysine than normal 

maize that which is more beneficial for supplement 

amount as required human. QPM hybrid is also easily 

developed from inbred through conventional breeding 

during Rabi (winter) and Kharif (summer) season in a 

year.  

 

Higher level of tryptophan and lysine was produced 

from the influences of zein protein in QPM under 

diverse environment. Therefore, understanding key 

aspect of zein biosynthesis of QPM and control 

regulatory aspect of lysine and tryptophan synthesis 

are major requirements for human nutrition in 

globalization. 
 

Keywords: Lysine, non QPM, different environment, QPM, 

Tryptophan and Zein protein. 

 

Introduction 
Over the last decades, maize (Zea mays L) has been 

recognized amongst the most extensively adapted cereal 

crops with the highest genetic yield potential and is 

cultivated approximately in 150 m ha of land in about 160 

countries with a wide and diverse range of soil, climate, 

biodiversity and management practices. In India, maize 

ranks as the third most vital food crops after rice and wheat 

and contributes almost 9 % of the country’s food basket.30,40 

The grain of maize serves almost 15 % of the total calorific 

value of the rural and malnourished population of 

underdeveloped and developing countries.71  

 

Maize contains about 10% of protein, 72% of starch, 1.4% 

of oil and 1.7% of ashes62. In human, the deficiency of any 

essential amino acid limits the ability of the body to acquire 

immunity and make proteins36. Among all the amino acids, 

tryptophan and lysine are two of the most essential amino 

acids for humans whose deficiency can create crisis to meet 

the daily balanced nutrition, protein requirements and 

immunity41,59. Around the globe, about 32% of pre-school 

children are stunted and 20% are underweight due to protein 

malnutrition in most of the developing and underdeveloped 

countries including India41.  

 

As compared to the normal maize hybrids, the Quality 

Protein Maize (QPM) hybrids have almost doubled the 

lysine and tryptophan quantity, which makes QPM protein 

equivalent to around 90% of milk protein59,65. The grain 

flour contains 0.4% of tryptophan in common maize and 

0.8% in QPM and 2 % of lysine in common maize and 4% 

in QPM. Tryptophan range varies from 0.2 to 0.5% in 

common maize and 0.5 to 1.1% in QPM hybrids and lysine 

levels are across genetic background from 1.6 to 2.6% in 

common maize and 2.7 to 4.5% in the O2 converted QPM 

genotypes18 under some fluctuation. Therefore, QPM has a 

better nutritional value and can be used as raw material for 

manufacturing many industrial products and also a nutritive 

component2.  

 

Amaya et al3 demonstrated the superior protein quality of 

QPM over normal maize because it is superior in production 

than normal hybrids16. Contrary wise, the embryo of maize 

contains both zein and the non-zein fractions (60% 

albumins) as mainly structural and storage protein72. Zein 

protein is the main storage protein and usually accounts for 

50% –70% of the endosperm proteins but contains low levels 

of lysine with an approximate value of 0.1g.100g-1 whereas 

glutelins are rich in lysine with an approximate value of 2g. 

100g-1.35  

 

In non-QPM hybrids, all the protein fractions, except for 

zeins, are balanced with essential amino acids and contents 

a biological value of 40% as compared to milk protein23. It 

was also observed that the insertion of α-lactalbumin in 

maize hybrids raised the proportions of the essential amino 

acids without any associated pleiotropic effects10. These 

insertions increase lysine and tryptophan concentration by 

reducing zein synthesis and affect several other biochemical 

changes. This increase is explained by the decrease in zein 

fraction and an increase of non-zein proteins in the 

endosperm proteins65.  

 

The endosperm maize contains α -zeins which are the most 

abundant proteins; but they are poor in amino acids like 

tryptophan and lysine. The presence of O2 allele in 

homozygous conditions reduces the production of zeins, 

particularly the α -zeins and triggers an increase in the level 

of lysine and tryptophan22. 
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The background  
The International Maize and Wheat Improvement Center 

(CIMMYT) in Mexico selected hard endosperm (vitreous) 

o2 mutants to develop new maize hybrids named QPM 

which in general contains 55% and 30% higher amount of 

tryptophan and lysine as compared to common maize 

hybrids48,52.  

 

The opaque2 gene was first mentioned by Singleton and 

Jones61 and reported by Emerson et al119, but the nutritional 

significance of mutant was first demonstrated by Mertz et 

al39 for the increase of lysine content and development of 

QPM hybrid. Opaque2 mutants increase maize resistance to 

disease and increase the utilization of superior maize67. 

CIMMYT introduced high yield QPM maize but in lower 

yield and in need for breeding efforts.  Interdisciplinary 

research team converted the floury soft endosperm kernels 

in harder grain yield potential to normal maize hybrids65.   

 

‘Shaktimaan-1’ (a three-way cross hybrid) and ‘Shaktimaan-

2’ (a single-cross hybrid) are average yield maize crops but 

Shaktimaan-3 and Shaktimaan-4 produced a higher amount 

of tryptophan in protein52. Shaktimaan-3 and Shaktimaan-4 

are particularly suitable for cultivation in Bihar. Nkongolo 

and Mbuya47 observed the changes of amino acid level 

during early generations of maize inbred lines. This study 

revealed a significant decrease of 33% and 38% 

of tryptophan  in  S1  and  S2  inbred  lines  compared  to  t

he  original parent of the MUDISHI-3 population 

respectively. There was a decrease 15% of  lysine  in  S2  

inbred  lines  compared  to  the  parental  MUDISHI-3, then 

a similar level of lysine compared to the genetically 

improved normal maize (Salongo-2) was observed. Further 

it is possible to develop effective complement through the 

breeding program and provide a greater thrust of QPM 

hybrids.  

 

It expresses significant nutritional and economic benefits for 

human cultural society development. Banisetti et al12 

selected 22 maize inbred lines in which 8 are normal inbred 

lines, 7 QPM inbred lines from Vivekananda Institute of Hill 

Agriculture (VPKAS), ICAR, Almora, India and 7 exotic 

QPM inbred lines from CIMMYT, Mexico, were used for 

the study of the biosynthesis of zein protein for an increment 

of tryptophan and lysine development13. These are briefly 

explained in table 3 recording for yield, protein content and 

tryptophan production. 

 

Biosynthesis of amino acid in maize  
Protein quality of normal maize grain is poor due to the 

presence of the largest concentration of an alcohol-soluble 

protein fraction prolamine known as zein obtained in the 

endosperm. Particular α -zeins are the most abundant 

proteins found from maize endosperm, but these are poor in 

amino acid production like tryptophan and lysine.

 

Table 1 

Eight years maize production records in 16 countries according to FAS/USDA, Office of Global Analysis. 
 

World Maize Production in Thousand Metric Tons 

Country 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 

Argentina 21,000 27000 26000 28700 27000 28000 28700 2900 

Brazil 73000 81500 80000 85000 84000 84000 84000 85000 

Canada 11359 13060 14194 11487 13600 13600 13800 14000 

China 192780 205614 218490 215646 224580 224580 224850 224929 

Egypt 5500 5800 5800 5960 6000 6000 6400 7000 

Europeon 

Union 

68123 58896 64635 75499 57751 57465 57648 58973 

India 21759 22258 24259 24170 21000 21000 22000 23000 

Indonesia 8850 8500 9100 9000 9400 9400 9900 99800 

Mexico 18726 21591 22880 25480 23500 24000 26000 27000 

Nigeria 9250 76591 22880 25480 23500 24000 27000 28000 

Philipines 7130 7261 7532 7671 7500 7500 78000 78200 

Russia 6962 8213 11635 11325 13000 13168 13273 13300 

South Africa 12759 12365 14925 10629 6500 6500 6800 6810 

Turkey 3600 4400 5100 4800 6100 6200 6400 6400 

Ukraine 22838 20922 30900 28450 23300 23333 24363 25000 

US 312789 273192 351272 361091 345486 345486 357484 360000 

Others 93164 91287 96052 100418 93918 94902 98988 99000 

World total 889589 869489 990474 1012841 969635 972134 974356 980000 
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Table 2 

Selected QPM hybrids for higher tryptophan production in protein 
 

QPM Hybrids Pedigree Centre of 

Origin 

Characters Yields 

q/ha 

Protein 

Content 

(gm) 

Tryptophan 

(%) 

HQPM-1 HKI-193-

1xHKI163 

CCSHAU, 

Karnal 

(2005) 

Late maturity, yellow, 

dent. 

62 9.36 0.94 

HQPM-5 HKI 163x HKI 

161 

CCSHAU, 

Karnal 

(2007) 

Late maturity, orange, 

flint. 

58 9.80 0.76 

HQPM-7 HK1-193-

1xHKI-161 

CCS HAU 

Karna (2008) 

Late maturity, Yellow, 

semi-flint 

72 9.42 0.72 

VivekQPM-9 VQL1 x VQL2 VPKAS 

Almora 

(2008) 

Extra early maturity, 

dent, yellow. 

52 8.46 0.83 

Shaktiman -1 CML-142 

xCML-150 

RAU Dholi Late maturity, orange-

yellow, flint. 

60 9.60 1.01% 

Shaktiman -2 CML-176 

xCML-186 

RAU Dholi Semi flint, Resistance 

to MLB 

60 9.30 1.04% 

Shaktiman -3 CML-161 

xCML-163 

RAU Dholi Orange yellow, late 

maturity, semi flint, 

tall. 

62 9.63 0.73% 

Shaktiman -4 CML-161 

xCML-169 

RAU Dholi Semi flint, tall 62 9.98 0.93% 

 

Table 3 

Major classes of zein proteins  
 

S.N. Zein Class Molecular Mass Lysine content 

1 α 19-kDa-22-kDa No Lysine 

2 β 14-kDa No Lysine 

3 γ 16-kDa-27-kDa No Lysine 

4 δ 10-kDa-18-kDa 18-kDa zeinalon with one lysine codon 

 

The amount of this alcohol-soluble protein fraction zein is 

low in immature maize grains and increases after grain 

matures. These genes have been selected from the metabolic 

pathways of lysine and tryptophan and opaque2 modifiers in 

maize as previously reported by Wang and Larkins. The high 

quality of protein fractions becomes recessive under control 

some parts of maize kernel are due to the dominance of zein 

in normal maize.  

 

Endosperm modifiers are the third genetic system consisting 

of amino acid modifier genes from the addition of O2 

affecting relative levels of lysine and tryptophan29.  These 

genes are associated with lysine metabolism identified by 

Wang et al70 and found lys-sensitive Asp kinase is better for 

the quantitative trait locus and affecting free amino acid 

content than thr-sensitive. AK- homo-Serdehydrogenase-2 

(HSDH-2) and enzyme activities were measured. The o2 

gene encodes endosperm-specific basic leucine zipper (b-

ZIP) transcription factors that regulate the transcription of 

genes encoding 22-kDa α-zeins and other proteins such as 

the cytoplasmic pyruvate orthophosphate dikinase 

(CyPPDK1), the lysine-ketoglutaratereductase/saccharopine 

dehydrogenase (LKR/SDH).  

Significantly from the decreases of 22-kDa α-zeins produce 

higher lysine content59. The δ2-endosperm genetic modifier 

genes are capable of altering the expression of other genes at 

different loci in the genome and alter the undesirable 

correlated effects of δ2 gene63. Insertion of α-lactalbumin in 

maize raised proportions of essential amino acids in maize 

without any associated pleiotropic effects. These mutants 

alter lysine and tryptophan concentration by reducing zein 

synthesis and some biochemical changes15. The δ2 gene 

increases lysine and tryptophan in the endosperm46 by acting 

on the four types of storage proteins (albumins, globulins, 

zeins and glutelins) in maize endosperm.  This value was 

less in wheat, rice, barley, oats, sorghum and common 

maize67. 

 

The amino acid is a key enzyme involved in the metabolism 

and alters from O2 mutation. Aspartate kinase (AK) activity 

is regulated by opaque2 (O2) mutation in the synthesis of 

essential amino acids including lysine. O2 allele present in 

the homozygous condition in maize reduces the production 

of zeins from the α -zeins and triggers increase in the level 

of lysine and tryptophan production22. Aspartate kinase 2 

(Ask2) is a good gene that regulates the reaction of aspartate 
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to aspartate 4-semialdehyde (figure 1) which in turn is the 

source for lysine production70. The o2 mutation in maize is 

associated with an increased level of free amino acids in the 

mature endosperm. O2 mutant regulates lysine and 

tryptophan pathway enzymes that produce higher lysine and 

tryptophan in the QPM hybrids.  

 

The O2 has decreased the synthesis of prolamine (zein) 

protein, thereby increasing the lysine and tryptophan content 

of maize. The O2 mutant is the down-regulated activity of 

lysine ketoglutaratereductase dehydrogenase.  

 

Reduction of lysine ketoglutaratereductase dehydrogenase is 

an important factor responsible for increase free lysine in the 

maize endosperm o2 mutant leading to the regulation of 

lysine and tryptophan pathway enzymes, while homozygous 

O2 α-zein fraction of endosperm protein increases the 

proportion of non-zein proteins that naturally contain higher 

levels of lysine and tryptophan22.  

 

RNA  interference  induced  down regulation  of 22  KDa  a- 

zeins58  and  19  KDa   zeins25 due to produce higher lysine 

content  (up to 16-20%) much below 02 mutants in maize. 

The control of essential amino acids like lysine and 

tryptophan is synthesized in all higher plants  from the 

aspartic acid pathway. Maize increased 2 to 30% expression 

of the total amino acid pool of DHPS from free lysine 

content74. 

 

 
Figure 1: Lysine and tryptophan biosynthesis mechanism in maize  
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Synthesis of lysine and tryptophan  
Quality protein maize (QPM) was developed by combining 

genetic systems52 through gene mutant opaque-2 (δ2) and 

genetic endosperm modifiers67. The amino acids are 

synthesized as lysine threonine and methionine (figure 2) 

from aspartic acid pathways60. Increase lysine and 

tryptophan was controlled from a set of genes called amino 

acid modifier genes29. The o2 mutation is associated with an 

increased level of free amino acid in the mature endosperm. 

Maize grain protein is made up of five different fractions. 

The percentage of different fractions to total nitrogen in 

maize kernel is albumin 7 %, globulin 5 %, non-protein 

nitrogen 6 %, prolamine 52 % and glutelin 25 % and the 

leftover 5 % is residual nitrogen34.  

 

Some mutations are the formation of Floury-1 (fl1) and 

Opaque-1 (o1) prolamin protein body, therefore typical 

mature maize grains contain a small embryo and much larger 

endosperm with 90 % starch and 10 % protein72. Other 

proteins are unrelated to prolamin protein bodies43 such as 

zmAroDH-1 (mto140), Opaque-5 (o5) and Opaque-7 (o7)44.  

 

Protein body formation of maize is controlled by the 

regulation of zein expression in different zein components24. 

The zein fraction in normal  maize  usually contains  a 

higher  proportion  of  leucine  (18.7%),  phenylalanine  (5.

2%)  isoleucine  (3.8%),  valine  (3.6%)  and tyrosine 

(3.5%). Four types of zeins (α, β, γ and δ) are found in maize 

and they are distributed in a distinctive pattern (Table 4). 

Recently, α-zeins were proofed to restore protein body and 

starch grain interaction and activities for modification of 

QPM.  

 

In normal maize, proportions of various endosperm storage 

protein fractions such as globulins (3%), glutelins (34%) and 

albumins (3%)  are collectively called non-zeins. The non-

zein protein fraction is balanced and rich in lysine and 

tryptophan66. The lysine was determined in most external 

layers (10% endosperm and consecutive 10%) and the 

remaining endosperm (80%) to determine the synthesis of 

lysine in the maize endosperm. However, the zein dry matter 

percentage was estimated by the formula suggested by 

Drochioiu et al20 given as:   

  

% Zein in dry matter = % crude protein x 0.386-2.22 

 

Some conventional breeding programs are improved 

incensement and developed varieties with high protein value 

in QPM52. Therefore QPM can be developed by combining 

genetic systems of opaque-2 (δ2) mutant gene and genetic 

endosperm modifiers68 with some phenotypic changes such 

as the appearance of soft, chalk and dull traits of maize. 

Kernel modification is influenced by a complex genetic 

system that acts as additive and non-additive manner, 

observed at various levels of kernel modification. These 

were mapped from modifier loci at chromosomes 1 and 4 in 

maize22.  

 

 
Figure 2: Conversion of Lysine to α- Ketoglutarate into Sacchropine under control of maize crop 

 

Table 4 

Dominance models are scaling adequate data set of protein quality traits in maize26  
 

Plant Characters Trials R2 Values b- values Remarks 

b=0 b=1 

Protein Percentage Normal 4.90ns 9.730 2.758 Partial adequate model 

Drought 4.76 ns 6.197 2.997 Partial adequate model 

Tryptophan percentage Normal 0.05ns 3.875 0.482 Adequate model 

Drought 2.21ns 5.534 2.184 Partial adequate model 

Lysine percentage Normal 8.72ns 7.020 3.933 Partial adequate model 

Drought 1.75ns 3.701 2.253 Partial adequate model 
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Table 5 

Details of the maize inbred lines used in the study along with range of tryptophan content18  
 

S.N. Genotypes Normal/QPM 

Hybrids 

Released From Tryptophan content (% Protein) 

1 V25 Normal India ≤0.50 

2 V335 Normal India ≤0.50 

3 V353 Normal India ≤0.50 

4 V358 Normal India ≤0.50 

5 V359 Normal India ≤0.50 

6 V369 Normal India ≤0.50 

7 V370 Normal India ≤0.50 

8 CM145 Normal India 0.50 

9 VQL2 QPM India 0.51 

10 VQL4 QPM India 0.75 

11 VQL8 QPM India 0.94 

12 VQL20 QPM India 0.52 

13 VQL21 QPM India 0.54 

14 VQL26 QPM India 0.60 

15 VQL27 QPM India 0.71 

16 CML170 QPM CIMMYT, Mexico 0.95–1.05 

17 CML173 QPM CIMMYT, Mexico 0.95–1.05 

18 CML176 QPM CIMMYT, Mexico 0.95–1.05 

19 CML180 QPM CIMMYT, Mexico 0.95–1.0 

20 CML184 QPM CIMMYT, Mexico 0.95–1.05 

21 CML189 QPM CIMMYT, Mexico 0.95–1.05 

22 CML193 QPM CIMMYT, Mexico 0.95–1.05 

         V = Vivek; VQL = Vivek QPM line; CM = Coordinated maize 

 

Maize genotypes stability in different 

environment 
The improved early maturity maize varieties produce 

assurance for increased maize productivity in the sub-

regions of India. QPM is partly attributed to global climate 

change variable environments due to more complexity in the 

survival of yielding crops and declining soil fertility from the 

less water holding capacity5. Early maize hybrids are usually 

grown in seasonal variation. Maize was fully established and 

shortly matured in all environments in comparison to 

traditional crops. Therefore, early maize hybrids are self-

protected to drought and tolerate reduced moisture 

supplement in flowering and drought-affected 

environments26. The relative performance of genotypes is 

across environments and raises challenging issues among 

plant breeders and agronomists6.   

 

The environmental interaction is great concern to plant 

breeders in the presence of genotypes because large 

interaction can reduce yield and make a selection of superior 

cultivars53. The evaluating cultivars were superior 

interactions in selected environments that exhibit significant 

genotypes50.  

 

Arusleivi and Selvi1 reported environmental factors as more 

affected by quantitative traits than qualitative traits in 

evaluating potential performance under multiple 

environments8. Many abiotic factors such as temperature, 

seasonal  rainfall,  seasonal  length of drought, sub-soil pH 

and socio-economic factors and biotic stresses  such 

as  diseases, insect pests and weeds  have been causes  of 

environmental interaction for different genotypes5. 

 

Maize breeders were developing different maize varieties 

from the partnership of national maize program. These are 

helpful for adaptation of different agro-ecological farming 

systems9. Maize hybrids are regarded as stable yield 

performance of targeted environments.  These genotypes 

responded in different locations and form a combination of 

maturity group with high and stable yielding traits54. The 

ability of genotypes was referred stability in breeding 

programs, if the regression coefficient is about 173, for high 

or low yield levels across a wide range of populations28. The 

ability of a hybrid is to be  stable in  various  environments  

and  give higher yielding under the inherent genetic 

system73.  

 

Maize hybrids' adaptability is to perform a pattern of 

development to adjust in the provided environment. Many 

genotypes produce high yields under certain change 

environmental conditions but lass yield in a controlled 

environment7. Stability measurements express survivability 

of genotypes to maintain maize crop yield49. Maize crop 

yields are increasing gradually in some arid regions due to 

the changes in agricultural patterns under different seasons.   

 

The food production systems are now under the confluence 

of a number of biotic and abiotic stresses including climate 
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change. The impacts of climate change are likely to be 

severe for countries like India that have limited arable land 

but heavy dependence on agriculture48 and also have poor 

technological and financial capabilities for mitigation and 

adaptation to climate change. In the past four decades (1969-

2005), India’s surface temperature has increased by 0.3 °C 

or by 0.08 °C per decade. 

 

In recent years, climate change has been accompanied by an 

increased incidence of natural calamities such as droughts, 

floods, cyclones and heat waves21. Such extreme events are 

causing a drastic decline in the agricultural output and 

exacerbating problems of food insecurity in rural poverty. 

Breeding under stress-tolerance is an important thrust of 

agricultural research51. Therefore, return investment of 

drought-tolerant breeding is estimated to be attractive, 

ranging from 29 to 167 percent42. 

 

Efficacy of maize under diverse climate variables 
Temperature and sunlight: Maize is a subtropical crop, 

through its adaptation of a crop always responds to higher 

temperature under different environment. Maize is 

physiologically damaged to 5-7oC followed by photo-

inhibition that may reduce photosynthesis rate.  

 

Photosynthesis rates of sun adopted maize do not saturate 

until light intensity approaches sunlight. Photosynthesis 

captured sunlight energy driving force of maize growth and 

development. Maize plant has maximum leaf photosynthesis 

rates in temperature of 32-35oC. Threshold temperature is 

±10oC for maize crop seed germination. The maize crop is 

relatively sensitive and does not acclimatize to low 

temperatures under the coolest temperature.  

 

Soils and their effect: Maize is growing best in sandy clay 

(loams), silty clay soils, it is less adopted to compact clays 

and sands. Sandy (loamy) soils having low water retention 

capacity due to maize give poor yield while loamy and clay 

soils have high moisture. Maize has a stronger deep root 

system; it is about 2m deep root in some cases and these help 

in space development. Normal root development of maize 

crop is 80-100cm minimum soil depth but critical root 

development expresses smaller yields under the rain-fed 

condition. For more water retention, green manures and 

fodder are mostly used. The soil is the main factor for water 

storage and helps for maize growth, it is determined by 

texture and structure. Availability of soil moisture is a major 

element of success in rain-fed maize production mainly 

where the rain is not uniformly distributed in whole season.  

 

In such cases plant has stored moisture in root zones to 

overcome the temporary water deficit45. Soils of the major 

maize growing areas in India are inherently low in soil 

organic matter and nitrogen is the major limiting plant 

nutrient with N availability being routinely supplemented 

through the application of fertilizers. Application of large 

amounts of N, P and K is to achieve higher yield and 

stimulates the deficiency of secondary and micronutrients.27  

Moisture content: Maize is a fairly tolerant crop under dry 

soil and moisture stress condition during the early vegetative 

stage of pollination. The maize crop is more beneficial from 

a greater amount of sunlight and dry weather but during 

pollination, condition maize is very sensitive to drought and 

dry soils which causes yield losses. These yield losses 

increase due to failure pollination. Recently some hybrid 

maize cultivars are tolerated; water stress is more effectively 

than normal maize and produces more amount of proteins. 

The hybrids have variable sensitivity to both heat and 

drought tolerance through genetic variations. 

 

Water requirements and irrigation 
Maize is a water-efficient crop, a considerable amount of 

water requirements for high yields. Maize crop showed 

significantly higher under receiving 5-6 irrigations 

compared to less number of irrigations31. Maize requires 

500-600mm water use during one season in temperate 

environments but its requirements are increased as 900mm 

or more under irrigated environments of the dry climate 

depending upon crop evaporation. From the sufficient use of 

water, 2.5 kg of grains produced per m3 of maize crop. The 

success of Rabi maize crops under rainfed conditions 

depends upon the conservation of moisture in the soil 

surface. The maximum plant height of winter maize was 

recorded under an irrigation ratio of 1.214.  

 

Therefore, deep soil and high organic matters are more 

helpful to maintain the water availability of crops and form 

suitability of maize production. Maize crop gradually 

increases water uptake from the germination during the 

vegetative growth stage. Water shortages reduce grain yield. 

The seed yield of spring maize was higher with the 

application of nitrogen at 225 kg ha-1 with a spacing of 75 × 

20 cm64.  

 

Conclusion 
Maize is an important cereal crop in our country; more than 

half of the people are used as livestock resulting in the rapid 

increase in economic growth and poultry products in 

particular hilly ecologies (North Eastern Himalayas, 

Uttarakhand, Himachal Pradesh) and rain-fed and tribal 

states (Madhya Pradesh, Chhattisgarh, Rajasthan, Orissa, 

Bihar and West Bengal), a large area under maize production 

with untreated fertilizers. India is the first country to focus 

on the improvement of maize quality after the nutritional 

benefits incensement in the world. Therefore, maize is a 

heterogeneous crop, that cannot be directly 

improved through selecting desirable plants but the selection 

of agronomic traits will certainly boost grain yield. 

 

Different field condition changes the proportions of genetic 

effects and suppresses maternal component for protein 

concentration. Its main contributions fulfill the dietary 

requirements of the country especially in the summer season 

due to short duration crop and large production of grains per 

unit area. 
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In most developing countries, about 77 % of maize is used 

as food for humans, but in industrialized countries, about 70 

% of this crop is used as cattle feed either in the form of 

fodder, grazing and forage; only 3 % is used as food for 

human while the remaining is used for biofuel, industrial 

products and seed. About 85% of the maize production is 

used for human consumption in India, particularly it is 

beneficial for deprived areas where protein malnutrition and 

hunger are present. In addition, maize is used as animal feed 

and continues to grow at fast rate. It is estimated that 

production will be increased from 165 to 400 metric tons 

under up to year 2030. The Quality Protein Maize (QPM) is 

manifold for both human nutrition and animal feed. QPM is 

considered as a bio-fortified food because its nutritional 

profile has been improved using the conventional breeding 

program.  

 

Tryptophan and lysine are essential amino acids. Humans 

cannot synthesize any essential amino acids, these need to 

be supplied through foods. Absence of any of these amino 

acids limits the ability of the body to make proteins despite 

the presence of all other amino acids. The nutritive 

compositions are fully potential for mono-gastric animals 

that balanced nutritive elements in humans. A number of 

studies have proved the impact of QPM increases in body 

growth in poultry and pigs. Chicken body weight increased 

50% from QPM fed compared to normal maize.  

 

Children fed were healthier with lysine and tryptophan 

maize supplements with better growth capabilities compared 

with children fed with normal maize porridge. Therefore, 

QPM has superior biological value evaluated under dry 

environments for protein and tryptophan concentrations as 

used sources of amino acid. QPM substitutes are used in the 

production of animal feed components. 

 

Acknowledgement 
Authors are thankful to the Department of Genetics and 

Plant Breeding (GPB), Institute of Agricultural Sciences, 

BHU, Varanasi for identification of zein protein and 

indigenous knowledge of QPM hybrids and normal maize 

under the field conditions.    

 

References 
1. Arusleivi S. and Selvi B., Grain yield stability of single crosses 

maize (Zea mays L.) hybrids over three different environments, 

Journal of Plant Breeding, 1(4), 577-584 (2010) 

 

2. Afzal M., Nasir Z., Bashir M.H. and Khan B.S., Analysis of List 

Plant resistance in some genotypes of maize against Chilo 

Partellus, Pakistan J. Botany, 41, 421-428 (2009) 

 

3. Amaya E., Davis D.A. and Rouse D.B., Alternative diets for the 

Pacific white shrimp Litopenaeus vannamei. Aquaculture, 262, 

419-425 (2006) 
 

4. Bänziger M. and de Meyer J., Collaborative maize variety 

development for stress-prone environments in southern Africa, In 

Farmers, Scientists and Plant Breeding, Integrating Knowledge 

and Practice, ed., Cleveland D.A. and Soleri D., 269-296 (2004) 

5. Bänziger M. and Cooper M.E., Breeding for lowinput conditions 

and consequences for participatory plant breeding–examples from 

tropical maize and wheat, Euphytica, 122, 503-519 (2001) 

 

6. Babic M., Anelkovic V. and Babic V., Genotype by environment 

interaction in maize breeding, Genetika, 40(3), 303-312 (2008) 

 

7. Balzarini M., Applications of mixed models in plant breeding, 

In Kang M.S., ed., Quantitative genetics, genomics and plant 

breeding, CABI Publ., New York, 353-363 (2005) 

 

8. Bernardo R., Genotype x environment interaction, In Bernardo 

R., ed., Breeding for quantitative traits in plants, Stemma Press, 

Woodbury, MN, 147-171 (2002)  

 

9. Beyene Y., Mugo S., Pillay K., Tefera T.S.A., Njoka S., Karaya 

H. and Gakunga J., Testcross performance of doubled haploid 

maize lines derived from tropical adapted backcross populations, 

Maydica, 56, 351–358 (2011) 

 

10. Bicar E.H. et al, Transgenic maize endosperm containing a 

milk protein has improved amino acid balance, Transgenic Res., 

17(1), 59-71 (2008)  

 

11. Badu-Apraku B., Genetic variances and correlations in an early 

tropical white maize population after three cycles of recurrent 

selection for Striga resistance, Maydica, 52, 205–217 (2006) 

 

12. Banisetti K., Identification of candidate gene–based SSR 

markers for lysine and tryptophan metabolic pathways in maize 

(Zea mays), Plant Bre., 131(1), 20–27 (2012) 

 

13. Barrett B., Griffiths A., Schreiber M., Ellison N., Mercer C., 

Bouton J., Ong B., Forster J., Sawbridge T., Spangenberg G., 

Bryan G. and Woodfield D., A micro satellite map of white clover, 

Theoretical and Applied Genetics, 109, 596-608 (2004) 

 

14. Bharati V., Nandan R. and Kumar S.B., Effect of irrigation on 

yield, water use efficiency and water requirement of winter maize 

(Zea mays L.)-based intercropping systems, Environment and 

Ecology, 25, 888-892 (2007) 

 

15. Bicar E.H. et al, Transgenic maize endosperm containing a 

milk protein has improved amino acid balance, Transgenic 

Research, 17(1), 59-71 (2008) 

 

16. Bisht A.S., Bhatnagar A., Pal M.S. and Singh V., Growth 

dynamics, productivity and economics of quality protein maize 

(Zea mays L.)  under varying plant density and nutrient 

management practices, Madras Agricultural Journal, 99, 73-76 

(2012) 

 

17. Black Robert E. et al, Maternal and Child Under-nutrition: 

Global and Regional Exposures and Health Consequences, The 

Lancet, 371, 243-60 (2008)  

 

18. CIMMYT, The development and promotion of quality protein 

maize in sub-Saharan Africa, Progress Report Submitted to Nippon 

Foundation, CIMMYT, Mexico (2002) 

 

19. Emerson R.A., Beadle G.W. and Frazer A.C., A summary of 

linkage studies in maize, Cornell Univ. Agric. Exp. Stn. Mem. 180 

(1935) 
 



Research Journal of Chemistry and Environment_______________________________________Vol. 25 (6) June (2021) 
Res. J. Chem. Environ. 

236 

20. Drochioiu G.S., Strajeru M., Petrovan N. and Druta I., A rapid 

method used as the suceava gene bank to evaluate protein quality 

of some cereal grains, Plant Genet. Resour. Newslett., 129, 47-61 

(2002) 

 

21. Goswami B.N., Venugopal V., Sengupta D., Madhusoodanan 

M.S. and Xavier Prince K., Increasing trend of extreme rain events 

over India in a warming environment, Science, 314, 1442-1445 

(2006) 

 

22. Gibbon B and Larkins B.A., Molecular genetic approaches to 

developing quality protein maize, Trends in Genetics, 21, 227-233 

(2005) 

 

23. Gupta H.S., Agrawal P.K., Mahajan V., Bisht G.S., Kumar A., 

Verma P., Srivastava A., Saha S., Babu R., Pant M.C. and Mani 

V.P., Quality protein maize for nutritional security: rapid 

development of short duration hybrids through molecular marker 

assisted breeding, Curr. Sci., 96, 230–237 (2009) 

 

24. Guo X., Yuan L., Chen H., Sato S.J., Clemente T.E. and 

Holding D.R., Non-redundant function of zeins and their correct 

stoichiometric ratio drive protein body formation in maize 

endosperm, Plant Physiology, 162, 1359–1369 (2013) 

 

25. Huang S., Adams W., Zhou Q., Malloy K., Voyles D., Anthony 

J., Kriz A. and Luethy M., Improving  nutritional quality of  maize 

proteins  by expressing sense and antisense genes, Journal of 

Agriculture and  Food Chemistry, 52, 1958–1964 (2005)  

 

26. Hussain M. et al, Gene action studies for protein quality traits 

in Zeya mays L. under normal and drought conditions, Pak. J Bot., 

47(1), 57-71 (2011) 

 

27. Johnston A.M., Khurana H.S., Majumdar K. and 

Satyanarayana T., J. Indian Soc. Soil Sci., 57(1), 1-10 (2009) 

 

28. Kandus M., Almorza D., Boggio Ronceros R. and Salerno J.C., 

Statistical models for evaluating the genotype-environment 

interaction in maize (Zea mays L.), Fyton, 79, 39-46 (2010) 

 

29. Krivanek A., Groote H., Gunaratna N., Diallo A. and Freisen 

D., Breeding and disseminating quality protein maize for Africa, 

African Journal of Biotechnology, 6, 312–324 (2007) 

  

30. Khalil IA, H Rahman, NU Rehman, M Arif, IH Khalil: 

Evaluation of maize hybrids for grain yield stability in north west 

of Pakistan. Sarhad Journal of Agriculture 27(2): 213-218 (2011). 

 

31. Kumar Sanjeev, Shivani, Mishra S. and Singh V.P., Effect of 

tillage and irrigation on soil-water-plant relationship and 

productivity of winter maize (Zea mays) in north Bihar, Indian J. 

Agril. Sci., 76(9), 526-30 (2006) 

 

32. Larkin M.A., Blackshields G., Brown N.P., Chenna R., 

McGettigan P.A., McWilliam H., Valentin F., Wallace I.M., Wilm 

A., Lopez R., Thompson J.D., Gibson T.J. and Higgins D.G., 

Clustal W and clustal X version 2.0. Bioinformatics, 23, 2947-2948 

(2001) 

 

33. Larkins B.A., Holding D.R., Otegui M.S., Li B., Meeley R.B., 

Dam T. and Hunter B.G., The maize floury1 gene encodes a novel 

endoplasmic reticulum protein involved in zein protein body 

formation, The Plant Cell, 19(8), 2569-2582 (2007) 

34. Landry J., Paulis J.W. and Fey D.A., Relationship between 

alcohol-soluble proteins extracted from maize endosperm by 

different methods, J. Agric. Food Chern., 31, 1317 (1982) 

 

35. Lin K.R., Bockholt A.J., Magill C.W. and Smith J.D., Changes 

in soluble endosperm proteins associated with selection of quality 

protein maize lines, Maydica, 42(4), 355-362 (1997) 

 

36. Matta N.K., Singh A. and Kumar Y., Manipulating seed storage 

proteins for enhanced grain quality in cereals, Afr. J. Food Sci., 3, 

439-446 (2009) 

 

37. Mertz E.T., Bates L.S. and Nelson O.E., Mutant gene that 

changes protein composition and increases lysine content of maize 

endosperm, Science, 145, 279–280 (1964) 

 

38. Mbuya K., Nkongolo K.K. and Kalonji-Mbuyi A., Nutritional 

Analysis of Quality Protein Maize Varieties selected for agronomic 

characteristics in a breeding program, Int. J. Plant Breed. Genet, 

5(4), 317-327 (2011) 

 

39. Mertz E.T., Bates L.S. and Nelson O.E., Mutant genes that 

change protein composition and increase lysine content of maize 

endosperm, Science, 145, 279–280 (1964) 

 

40. Mboya R., Tongoona P., Derera J., Mudhara M. and 

Langyintuo A., The dietary importance of maize in Katumba ward, 

Rungwe district, Tanzania and its contribution to household food 

security, Afr. J. Agric. Res., 6(11), 2617-2626 (2011) 

 

41. Mbuya K., Nkongolo K., Kalonji-Mbuyi A. and Kizungu R., 

Participatory selection and characterization of quality protein 

maize (QPM) varieties in savanna agroecological region of DR 

Congo, J. Plant Breed. Crop Sci., 2(11), 325-332 (2010) 

 

42. Mottaleb K.A. et al, Exante impact assessment of a drought 

tolerant rice variety in the presence of climate change. Paper 

presented at the Agricultural & Applied Economics Association 

Annual Meeting, Seattle, Washington, USA, 12-14 August (2012) 

 

43. Miclaus M., Wu Y., Xu J.H., Dooner H.K. and Messing J., The 

maize high-lysine mutant opaque7 is defective in an acyl-CoA 

synthetase-like protein, Genetics, doi: 10.1534/genetics. 

111.133918 (2011) 

 

44. Myers A., James M., Lin Q., Yi G., Stinard P., Hennen- 

Bierwagen T. and Becraft P., Maize opaque5 encodes 

monogalactosyldiacylglycerol synthase and specifically affects 

galactolipids necessary for amyloplast and chloroplast function, 

Plant Cell, 111, 087205-087205 (2011) 

 

45. Nafziger E.D., Illinois Agronomy Handbook. University of 

Illinois Extenssion Publication, College of ACES, University of 

Illinois, Urbana (2009) 

 

46. Ngaboyisonga C., Njoroge K., Kirubi D. and Guthiri S.M., 

Effects of low nitrogen and drought on genetic parameters of grain 

yield and endosperm hardness of quality protein maize, Asian 

J. Agric. Res., 3, 1– 10 (2009)  

 

47. Nkongolo K. and Mbuya K., Decrease in Lysine and 

Tryptophan Content in S2 Inbred Lines from a Quality Protein 

Maize (QPM) Variety in a Breeding Program, American Journal 

of Plant Sciences, 6, 181-188 (2015) 



Research Journal of Chemistry and Environment_______________________________________Vol. 25 (6) June (2021) 
Res. J. Chem. Environ. 

237 

48. Nelson G.C. et al, Climate Change: Impact on Agriculture and 

Costs of Adaptation, International Food Policy Research Institute, 

September (2009) 

 

49. Odewale J.O., Collins A., Ataga C.D., Odiowaya G., Ahanor 

M.J., Edokpayi A.A., Okoye M.N. and Uwadiae E.O., Comparison 

of yield and stability assessment of five coconut (Cocos nucifera 

L.) varieties in a lethal yellow disease (LYD) endemic field over 

nine different environments, World Journal of Agricultural 

Sciences, 8(3), 229-233 (2012) 

 

50. Obeng-Antwi K. et al, Performance of extra-early maize 

cultivars based on GGE biplot and AMMI analysis, The Journal of 

Agricultural Science, 150, 4,473-483 (2011) 

 

51. Pray C., Nagarajan L., Li L., Huang J., Hu R., Selvaraj K.N., 

Napasintuwong O. and Chandra Babu R., Potential impact of 

biotechnology on adaption of agriculture to climate change: The 

case of drought tolerant rice breeding in Asia, Sustainability, 3, 

1723- 1741 (2011) 

 

52. Prasanna B.M., Vasal S.K., Kassahun B. and Singh N.N., 

Quality protein maize, Current Sciences, 8, 1308-1319 (2001) 

 

53. Rasul S., Khan M., Javed M. and Haq I., Stability and 

adaptability of maize genotypes of Pakistan, J. Appl. Sci. Res., 1, 

307-312 (2005) 

 

54. Sallah P.Y.K., Abdullahi M.S. and Obeng-Antwi K., Genotype 

by environment interactions in three maturity groups of maize 

cultivars, Afri. Crop Sci., 12(2), 95-104 (2004) 

 

55. Kumar Saket, Singh Rajeev Pratap and Singh Rajesh, 

Evaluating interactive effect of initial screening hybrids in 

different environmental condition, International Journal of 

Agriculture Sciences, 9(20), 4204-4208 (2017) 

 

56. Kumar Saket, Sarkar Abhijit, Singh Rajeev Pratap and Singh 

Rajesh, Agro environmental consequences of Quality Protein 

Maize (QPM) hybrid development with special emphasis of soil 

nitrogen management, Plant Archives, 18(1), 147-157 (2018) 

 

57. Kumar Saket, Sarkar Abhijit, Singh Rajeev Pratap and Singh 

Rajesh, Reviewing the potential efficacy of diverse hybrids of 

maize crop (Zea mays L.) grown under diverse climatic factors: an 

update. Plant Archives, International Journal of Plant Archives, 

20(2), 3647-3656 (2020) 

 

58. Segal G., Song R.T. and Messing J., A new opaque variant of 

maize by a single dominant RNA interference inducing transgene, 

Genetics, 165, 387–397 (2003) 

 

59. Sofi P.A., Wani S.A., Rather A.G. and Wani S.H., Review 

article: Quality protein maize (QPM): Genetic manipulation for the 

nutritional fortification of maize, J. Plant Breed. Crop. Sci., 1, 

244–253 (2009) 

 

60. Shewry P., Improving  protein  content  and  composition  of 

cereal grain, J. Cereal Sci., 46, 239-250 (2007) 

 

61. Singleton R.V. and Zones G.L., Recent linkage studies in 

maize. V. Opaque endosperm-2 (o2), Genetics, 24, 61–62 (1920) 

 

62. Tahir M., Javed M.R., Tanveer A., Nadeem M.A., Wasaya A., 

Bukhari S.A.H. and Rehman J.U., Effect of different herbicides on 

weeds, growth and yield of spring planted maize (ZeamaysL.), 

Pak. J Life Soc. Sci., 7, 168-174 (2008) 

 

63. Thain M. and Hickman M., The Penguin dictionary of Biology, 

11th ed., Clays Ltd., London, U.K. (2003) 

 

64. Tyagi R.C., Singh D. and Hooda I.S., Effect of plant 

population, irrigation and nitrogen on yield and its attributes of 

spring maize (Zea mays), Indian J. Agron., 43, 672-676 (1998) 

 

65. Vivek B.S. et al, Breeding Quality Protein Maize (QPM): 

Protocols for Developing QPM Cultivars, CIMMYT, Mexico 

(2008)  

 

66. Vasal S.K., The quality protein maize story, Food and Nutrition 

Bulletin, 21, 445-450 (2000) 

 

67. Vasal S.K., High quality protein corn, In Hallauer A.R., 

ed., Specialty corns, 2nd ed., CRC Press, Boca Raton, FL, 85– 129 

(2001) 

 

68. Vasal S.K., The role of high lysine cereals in animal and human 

nutrition in Asia, http://www.fao.org.htm (2011)  

 

69. Washington, DC (World Bank), Overcoming Drought: 

Adaptation Strategies for Andhra Pradesh, India, Directions in 

Development, Environment and Sustainable Development (2006) 

 

70. Wang X., Jose A., Bryan C.G., Lopez-Valenzuela J.A., Gakiere 

B., Galili G. and Larkins B.A., Characterization of monofunctional 

aspartate kinase genes in maize and their relationship with free 

amino acid content in the endosperm, Journal of Experimental 

Botany, 58(10), 2653–2660 (2007) 

 

71. Wegarya D., Labuschagne M.T. and Vivek B.S., Protein 

quality and endosperm modification of quality protein maize 

(ZeamaysL.) under two contrasting soil nitrogen environments, 

Field Crops Res., 121, 408-415 (2011) 

 

72. Wang G.F., Wang F., Wang G., Wang F., Zhang X.W. and 

Zhong M.Y., Opaque1 encodes a myosin XI motor protein that is 

required for endoplasmic reticulum motility and protein body 

formation in maize endosperm, Plant Cell, 24, 3447–3462 (2012) 

 

73. Zivanovic T., Vracarevic M., Krstanovic S. and Momirovic G., 

Selectionon uniformity and yield stability in maize, J. Agr. Sci., 49, 

117-130 (2004) 

 

74. Zhu C., Naqvi S., Gomez-Galera S., Pelacho A.M., Capell T. 

and Christou P., Transgenic strategies for the nutritional 

enhancement of plants, Trends in Plant Sciences, 12, 548–555 

(2007). 

 

(Received 21st June 2020, accepted 27th August 2020)

 

http://www.fao.org.htm/

