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 When the world's population rises, total crop production worldwide is not meeting rising food 

demand. Focus on developing high yielding single cross hybrids of maize that are resource-

efficient under diverse soil and climatic conditions is utmost for countries like Nepal. With the 

aim of exploring genetic reasons for higher hybrid vigor of single cross hybrid of maize, global 

genetic importance and addressing the emerging issue of needed higher productivity in Nepal 

to achieve maize self-sufficiency status, comprehensive review work was performed. Research 

findings explored that; the Heterosis hypothesis has been widely exploited in crop breeding, 

resulting in a large increase in yield. The ability analysis is of special importance in cross-

pollinated crops like maize as it helps in identifying potential parents that can be used for  

producing hybrids and synthetics. New molecular tools and techniques can complement tradi-

tional methods to allow breeders to tackle priority research areas efficiently. Nepal’s reliance 

on imported hybrid maize seed and grain increased each year as competitive hybrid cultivars 

became unavailable within the country. Recently, higher yield gap due to lower productivity, 

being the major concern in Nepal, single cross hybrids are intervention point. For the countries 

like Nepal, where achieving higher yield of maize to address self-sufficiency is the nationally 

prioritized issue, single cross hybrids of maize could be the best way to come up.  
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INTRODUCTION 

 

Maize (Zea mays L.) is the second most important crop after rice 

in terms of area coverage, production and productivity (KC et al., 

2015), providing nearly 20% of total cereal production and 30% 

of the calories in Nepal. Maize consumption per capita was 98 g/

person/day in Nepal, the highest in South Asia. Demand for 

maize has increased by 5 percent over the last decade. MOAD/

CBS (2016) recorded an 11 percent decrease in the maize im-

port dependence ratio over the period 2008-2014. The growing 

trends in the consumption of more protein and micro-nutrient 

rich food products in Nepal have been observed in recent days 

compared with the last decades, says MoALD (2017). Maize 

being one of the major food crops of Nepal, from the view point 

of food consumption by human and animals, there is less gap 

between total demand and national production, but from the 

feed industry side, demand gap is drastically higher (Dhakal  

et al., 2015). The demand in Nepal is shifting from food to  

livestock feed and poultry, according to KC et al. (2015). It is 

estimated that the 114 feed industries produced about 0.5  

million tons of feed per annum in Nepal. 

We import about 80 percent of the needed maize with a corre-

sponding annual trade deficit of around 12 billion rupees (USD 

109.18 million) in fiscal year 2017/18 alone. Low yielding Open-

Pollinated Varieties (OPVs) continue to grow a wide segment of 

small farmers in the marginal areas. In Nepal, the average  

national maize yield of 2.67 t ha-1 is often extremely small, 

which is around 50% of the global average. However, a big yield 
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difference exists between the real and potential yield of open 

pollinated varieties (OPV) and hybrids for both Nepal's hills and 

Terai. If we are able to increase maize production by 50 percent, 

the average national yield would hit almost 4 t ha-1. The empha-

sis should be on narrowing the yield gaps by increasing the farm-

ers' access to better seeds and crop management practices.  

Hybrid maize seed is formally or informally imported from India 

every year through the porous border. NARC has produced 30 

different maize varieties until 2016 (NMRP 2013, 2015; NARC, 

2016). In addition, Nepal has registered 34 imported maize  

hybrids (NMRP, 2013; NARC, 2015). The suggested hybrids 

aren't adequate to meet farmers' standards, according to NARC. 

The future is not so bright, even if formally registered hybrid is 

grown, some hybrids can't be as good as anticipated. In Nepal 

maize productivity is still very low among the Asian countries 

and therefore needs to be increased. The increased productivity 

will come from cultivating high yielding hybrids. Information on 

open pollinated varieties of Nepalese Heterotic Groups is not 

yet available. One of the reasons may be due to the limited 

knowledge provided about the Nepalese maize germplasm,  

genetic diversity and heterotic groupings (Melchinger et al., 

1992). Approximately 45 million hectares of maize are grown in 

lowland tropics. Climate, biotic and abiotic constraints affect 

productivity severely. Adoption of suitable high yield hybrids 

not only increases grain yield and efficiency, but also contrib-

utes to higher incomes per hectare. Past experience shows that, 

Hybrid maize had covered around seven to ten percent area of 

Nepal in 2010 (Gurung et al., 2011; Thapa, 2013). Nepal imports 

almost 20 percent of corn seeds every year (Adhikari, 2014) and 

nearly 100 percent of hybrid seed is being imported from India 

(Gurung et al., 2011). Recently, many research organizations are 

working to develop yield competitive and climate resilient  

hybrid maize varieties but result is not satisfactory. In fact, the 

grain yield performance of released cultivar is low as compared 

to multinational commercial hybrids and also seed availability 

and distribution of those hybrids is very poor for general cultiva-

tion. Scenario of unavailability of competitive Nepalese hybrid 

cultivars and underdeveloped seed industries caused dependen-

cy over imported hybrid maize seed every year (Gurung et al., 

2011; Liao et al., 2011).   

Most farmers in the Terai region of Nepal grow open pollinated 

varieties (OPVs). there is a potential to double the current  

national average maize yield by exploiting Heterosis. Nepal's 

Terai and inner Terai are highly potential for hybrid cultivation. 

Several attempts have been made for the hybrid maize  

production and distribution possibilities in Nepal (Kunwar and 

Shrestha, 2014, 2017). Farmers demand F1 seeds and a variety 

of multinational hybrids are marketed annually. 

 

Global maize status 

Maize is the most versatile, global food crop. When the world 

population rises, total crop production worldwide is not meeting 

increasing food demand. Global cereal demand is estimated to 

increase by more than 1000 million tons (56%) over the period 

2000–2050. Since the land is small, we need to find alternatives 

that can produce higher yields in the given cultivable area. This 

obviously demonstrates the need for high yielding maize  

hybrids, writes Dass (2009). The focus on developing high yield-

ing single cross hybrids that are resource-efficient under various 

soil and climatic conditions has led to many single cross hybrids 

being created. The main advantages of hybrids relative to popu-

lation varieties are increased yields due to optimum use of  

Heterosis. Approximately 45 million hectares of maize are 

grown in lowland tropics, where a variety of climatic, biotic and 

abiotic constraints affect productivity severely (Pingali and  

Pandey, 2001). Significant progress has been made worldwide 

with regard to maize improvement using conventional breeding 

techniques and cultivating various kinds of high yielding hybrid 

varieties. The problems are complex and varied and there is no 

single technical solution to them (Figure 1). 

 

History of hybrid maize 

G.H Shull and E.M East laid the theoretical foundations for the 

system of inbred-hybrid breeding. East and others originally 

didn't believe this approach could be commercially successful. 

Jones (1918) invented the double cross model. A double cross is 

formed by creating two single cross hybrids (A/B) and (C/D) and 

then crossing the two single crosses the next season and selling 

the seed from the second cross to growers. Inbred and hybrid 

growth processes culminated in incrustations with efficiency per 

se improved. The basic genetic cause of Heterosis has been  

discussed since Shull's initial papers (Shull, 1908, 1909). This is 

defined under Heterosis, heading. The definition of single cross-

es which includes only two parents A x B was introduced in the 

1970s. 

 

Heterosis 

Heterosis brings increases in grain production, earlier flowering, a 

higher number of leaves, taller trees, more tillers and panicles per 

plant, heavier seeds, more seeds per panicle (Acquaah, 2012), a 

quicker rate of emergence of seedlings, more vigorous seedlings 

and a higher dry weight of plumules (Cisneros-López et al., 2007; 

León-Velasco et al., 2009). The Heterosis hypothesis has been 

widely exploited in crop breeding, resulting in a large increase in 

yield. This phenomenon is identified with Heterosis when the 

parents are taken from different populations of the same species 

(Charlesworth and Willis, 2009). The three key theories came to 

describe; Jones (1918) Heterosis phenomenon through domina-

tion, Hull, (1945) through Over-dominance, and Powers (1944) 

through epistasis. Heterosis applies the dominance theory to the 

accumulation of beneficial dominant genes or the masking of dele-

terious recessive alleles in the hybrid (Davenport, 1908; Bruce, 

1910; Keeble and Pellew, 1911). 

Heterosis occurs in quantitative genetic terms when there is a 

degree of directional superiority (d), and the parents vary in the 

frequency of genes (Bruce, 1910; Falconer, 2003). 

 

The hypothesis of dominance can be formulated in terms of a 

single locus (B) with no epistasis as 

Heterosis = d − {a + (−a)}/2                  (1)  
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Where, a and −a are the genotypic values of the parental  

genotypes (B1B1 and B2B2) and d is the genotypic value of the 

non-parental genotype (B1B2). 

The dominance hypothesis is consistent with recent genomic 

evidence of differences in gene content between maize inbred 

lines. The other theory, over-dominance, suggests that the  

heterozygous combination of the alleles at a single locus is supe-

rior to all of the homozygous combinations. Unlike the domi-

nance theory, it also allows the parents to vary in the abundance 

of genes (Russell, 1986). The parents must be genetically diverse 

in order for Heterosis to occur and thus the allele frequencies of 

successful Heterotic groups must vary (Smith et al., 1990). It is 

clear that well-developed Heterotic patterns of mature breed-

ing programs are artificial buildings created by breeders, and 

improved by the breeding hybrid process (Tracy and Chandler, 

2008). The basis for modern Heterotic group was established by 

maize breeders in the 1940s simply by dividing the available 

inbreeds into two classes in a seemingly arbitrary manner with 

little regard to phylogeny. Cress (1967) proposed that the way 

to make the most of a mutual recurrent selection system is to 

create one pool with the available germplasm and then arbitrari-

ly divide the pool into classes. 

When developing hybrid maize it involves inbred development, 

determining the best inbred combination, evaluating the hybrids 

for superior hybrid selection. Conducting multi-location trials 

for two to three years and their evaluation are the most critical 

measures for launching hybrid maize cultivars for final release. 

There is a revival of vigor in hybrids that has been lost through 

inbreeding and dominance in the expressed trait(s) leading to 

various advantages such as high-quality food, disease tolerance, 

insect and pest, and some more agronomic traits. The crop has 

achieved genetic advantage in grain yield and resistance and 

tolerance to biotic and abiotic stresses after several decades of 

breeding research with the use of diverse germplasm. 

 

Combining ability 

Combining ability is an important feature of hybrid breeding. 

Combining capacity analysis is of particular importance in cross 

pollinated crops such as maize (Sharma et al., 2004). It helps to 

identify potential parents that can be used to produce hybrids 

and synthetics. The idea of combining capacity has become in-

creasingly relevant over the years not only in maize. A sound 

breeding system offers the possibility of producing high-yielding 

crop varieties, says Griffing (1956). The diallel crosses are wide-

ly used in plant breeding programs to measure the GCA and SCA 

effects of agronomic traits. The top-cross test which involves 

crosses of corn lines with a tester is another method for estimat-

ing GCA. The study is more effective because it provides valua-

ble knowledge about hybrid success in selecting parents. It also 

supports selection efficiency in isolated populations, according 

to Boćanski et al. (2009) and specific combination ability pro-

vides the performance of any two inbred inbred lines in a hybrid 

combination. It is useful for selecting the maize hybrid parental 

lines. It helps to get an idea for a specific character about the 

nature of the gene action. Diallel cross analysis offers estimates 

of genetic parameters for combining ability and a description of 

the parents' dominance relationship examined with or without 

reciprocals using the first filial generation (F1). 

 

Maize heterotic group 

In any breeding program, Heterotic groupings are vital. Choos-

ing Heterotic groups is crucial because heterotic patterns are 

valuable tools to manipulate the trait of interest to Heterosis. 

Within a Heterotic group, crosses are made to establish superi-

or inbred lines within the group. Superior inbred lines are 

crossed from dissimilar heterotic lines to create hybrids. Each 

year, several hundred’s or 1000’s of hybrids are evaluated to 

determine the superior hybrids for commercial release based on 

their performance and target area of adaptation (maturity, 

stress, climate, etc.). The ears are harvested from female rows, 

and they are the hybrid crop. Hybrid seed is also formed by 

growing female and male rows and detasselling (removing male 

inflorescence from female row of plants). To avoid selfing 

amongst female inbred line, manual or mechanical tools are 

used to detassel before pollen shed. Heterotic groups suggest 

that plants derive from related populations or from different 

groups that exhibit similar combination capacity and heterotic 

response when crossed. Globally, heterotic groups differ ac-

cording to region or particular breeding program. The following 

table shows some examples of heterotic maize group around 

different countries around the world (Table 1). 

 

Major steps involved in hybrid maize development 

The major steps toward hybrid maize production begin with the 

creation of inbreed lines. Inbreeding is a pairing of ancestor-

related individuals more closely than would be expected under 

random mating. The most important step in a breeding program 

is to recognize parental combinations which can produce hy-

brids of superior yield. Extensive testing is important to select 

sources of germplasm with high mean efficiency, useful genetic 

diversity and excellent combination potential. Most of the  

efforts on population enhancing breeding programs involved 

population enhancement per se but restricted elite population 

hybrid research. The 'population-hybrid concept' is an alterna-

tive that exploits Heterosis using genetically broad-based 

Germplasm. It has been documented that parents with high  

general combining ability and large genetic distance generate 

hybrids with better yield output (Cox and Murphy, 1990; Diers 

et al., 1996). Extensive population hybrid testing should increase 

the use and exploitation of genetic diversity. Maize continues to 

rise rapidly due to a good combination of high market demands 

with comparatively low production costs and high yields. Inbred 

lines or hybrids are more promising source materials than popu-

lations with no inbreeding history. The CIMMYT germplasm has 

been one of the strongest examples of genetic diversification 

worldwide in the past decade. The introduction of exotic 

germplasm maize is an effective way of extending the genetic 

base of local maize germplasm (Nelson and Goodman, 2008). 



221 

 

The germplasm introduced from CIMMYT was a great resource 

for tropical germplasm improvement (Yuan et al., 2002; Xia et al., 

2005). Superior hybrids are then tested and established for 

commercial seed production and used by farmers. 

 

Conventional Maize Hybrids (Involve inbred parents) 

Single Cross (A x B), Three-Way Cross (A x B) x C, Double-Cross 

(A x B) x (C x D). 

 

Non-Conventional-Low Cost Hybrids  

Top-Cross (Variety x Inbred), Double Top-Cross (Single Cross x 

Variety), Variety cross (Variety A x Variety B), Synthetic cross 

(Synthetic A x Synthetic B), Population cross (Population A x 

Population B) (Figure 2). 

Types of hybrids 

 

Single cross hybrid: Single cross hybrid is formed from crossing 

between male and female inbred line and have the lowest seed 

yield and whose seed price is also high. Such hybrids are highly 

standardized among all other hybrids and will deliver the high-

est grain yield when grown. In China, India, South Africa, Thai-

land, the USA, Vietnam, and other established seed markets, 

single-cross hybrids are most common. This is because farmers 

in these settings strive at higher yields and can afford to pay the 

higher price, provided that the seed cost is a lower percentage 

of overall costs than in low yield circumstances. In many cross-

pollinated crops such as maize, single cross hybrids (F1) are 

commercially marketed as the first generation of selection 

(Miranda et al., 2008). 

Pabitra Joshi and Damodar Gautam /Arch. Agric. Environ. Sci., 6(2): 218-226 (2021) 

Figure 1. Ten years data for production, productivity and cultivated area of Maize globally (FAOSTAT). 

Table 1. Showing some examples of Heterotic group and Heterotic pattern in Maize available around different countries in the 
world. 

Heterotic group Heterotic pattern Country Reference 

U.S.  dent  lines, European flint 
lines 

U.S. dent lines X European flint lines Europe Schnell et al. (1992) 

female  group  Stiff  Stalk (SS)  and 
the  male group  is designated   
Non-Stiff  Stalk (NSS) 

Stiff  Stalk  (SS)  X  Non-Stiff  Stalk 
(NSS) 
  

U.S Corn 
belt and 
Canada 

Duvick et al. (2004) 

Tang  sipingtou  and  Luda honggu  
germplasm, Lancaster Sure Crop 
(LSC), Reid Yellow dent (RYD) 

Germplasm, domestic  ×  LSC, domestic  
× PN, Dom × Lan or Dom × Reid. Luda Red Cob  
× Lan 
  

USA, 
China 

Li et al. (2002, 2004) 

Suawan, Reid, Non Reid Suawan X Reid, Suawan X Non Reid, 
Reid X Non Reid 

China Fan et al. (2008) 

Tuxpeno  combines  well 
with  Cuban  Flint,  Coastal  Tropical  
Flint  (Caribbean  Flint),  Tuson,  ETO,  
Perla and Chandelle 
  

Tuxpeno  combines  well  with  Cuban Flint,  
Coastal  Tropical  Flint (Caribbean  Flint),  Tuson,  
and  ETO Cuban Flint combines well with  
Tuxpeno, Tuson, Coastal Tropical Flint, and Perla.  
Coastal  Tropical Flint  combines  well with  
Tuxpeno,  Cuban  Flint,  and 
Chandelle 

China Wellhausen (1978) 
Goodman (1985, 2005) 
Vasal et al. (1999) 
  

Source: (Meena et al., 2017). 
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Double cross hybrid: A double or four parents cross hybrid can 

be created by crossing two single cross F1 hybrids each formed 

from two inbred lines. Any of the resulting individuals in the 

double cross generation will be genetically distinct. This is the 

hybrid progeny from a cross between four unrelated inbred 

lines. . The inbred lines are first crossed in pairs and their  

hybrids are crossed to produce the double cross hybrid (Crow, 

1998) as indicated in equation (2).  

 

A x B and C x D = AB x CD = ABCD                (2)  

 

The first double cross hybrid was grown in the United States in 

the 1930s and 1940s. Typically, A and B are closely related and 

C and D are also closely related, but neither A nor B are closely 

related to C or D. Like a single-cross hybrid, plants of a double-

cross hybrid are not genetically standardized (Crow, 1998). 

 

Three way cross hybrid: Crossing the single cross F1 to a third 

parent (inbred line) and self-pollinating the resulting three-way 

hybrid produces a three-way cross population. In this cross the 

third parent contributes 50 percent of the alleles to the three 

way hybrid, therefore, should usually often be one of the better 

parents. A three-way cross is useful if one of the parents is less 

desirable and one or two are more desirable. For commercial 

seed, the single-cross is considered to be one with very high 

yielding potential and the line crossed must be the strongest for 

pollen production. The F1 hybrid from a cross between a single-

cross and a third inbred line (Crow, 1998) is shown in equation 

(3). 

 

A x B = AB x C = (AB) x C                 (3) 

 

Advantage of SCH over other hybrids 

There are also benefits of manufacturing single cross hybrid. As 

in the production of SCH two parental lines are required so the 

production and maintenance are easier than three way cross or 

double cross which requires production and maintenance of 

three and four parental lines respectively. Expression of Hetero-

sis is maximum in SCH and they are highly sensitive in high 

yielding and high input environment. As compared to three way 

and double cross hybrid they have uniform plant height, ear 

height, tasseling, silking, pollen shedding and all other charac-

teristics. Because of the availability of excellent inbred female 

parents, single-cross hybrids constitute almost 90 percent of 

hybrid corn seed market. Nonetheless, SCH have few draw-

backs as well including, the female parental line is typically low 

yielding resulting in high cost of seed production and the price 

of seed. Similarly, if any part is susceptible, it will affect all of the 

single-cross plants, resulting in lower results. Pollen shed occurs 

during a shorter period since all the plants are genetically alike, 

with the potential for lower yields, especially under stress  

condition (Beyene, 2016). 

 

Modified single cross maize hybrid and its importance 

One of the key problems facing breeders who grow maize  

hybrids is the inbreeding depression typically reflected in the 

inbred lines used as parents. Modified single cross hybrids  

provide a potentially desirable option to lower the costs of  

hybrid seed development. In this approach as an alternative to 

using an inbred line as the female parent, sister lines (SLs) are 

used in seed corn production (Rojas and Sprague, 1952; Wych, 

1988). The hybrids developed using SLs are referred to as  

modified single-Cross (MSC) hybrids. One of the main reasons 

for using modified single crosses in maize is to increase the 

amount of seed produced. The yield of sister crosses was signifi-

cantly higher than their parental inbreeds and proposed that 

use of modified single Crosses could significantly increase  

hybrid seed production. Liu et al. (1994) concluded that early 

generation sister crosses were stronger than later generation 

sister Crosses. Lou et al. (1993) found that the yield of Sister 

Crosses was significantly higher. Also, Cordava et al. (2000) 

checked crosses of tropical sister lines separated at S3 inbred 

generation and registered yields close to those crosses using 

parental elite lines. They concluded that this breeding technique 

is useful to increase yield and reduce the cost of maize hybrid 

seed in developing countries. Seed industry reports from  

Mexico, Thailand, Vietnam, and Brazil indicate a tendency to 

shift from three-way cross hybrid to modify single and single 

cross hybrids. International Maize and Wheat Improvement 

Center (CIMMYT) have also conducted maize research with the 

main objective to generate awareness about the implementa-

tion of the modified single-cross hybrids model. Most of the 

MSC hybrids were not substantially different from the ''best' SC 

counterpart. 11 out of 180 had grain yields that were slightly 

lower than their SC hybrid equivalents. Three of 180 hybrids 

had yields significantly greater than both SC hybrid counter-

parts. The SLs used in this study exhibited an average grain yield 

that was two-fold greater. 

 

Single cross hybrid seed production 

The production of open pollinated maize seed is fairly straight-

forward, but the production of hybrid seed requires additional 

field practices. Development of hybrid maize seed requires  

intentionally crossing a female parent population into isolated 

fields with a male parent. Each hybrid variety consists of a  

Figure 2. Hybrid maize seed is produced by using specified female and male 

parents, removing the tassels from the female plants before silk emergence 

and allowing male plants to provide the pollen for fertilizing the silks 

(MacRobert et al., 2014). 
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specific combination of the parents being female (seed bearing) 

and male (pollen providing). The two parents' field management 

is also important and requires careful planting timing, elimina-

tion of off types, and removal of tassels and separate harvesting 

of the female seed. 

 

Biotechnological approaches in single cross maize hybrid  

development 

Advance technologies have to be applied to increase the yield of 

single cross hybrids. This highlights the need for biotechnological 

approaches to advance the maize breeding strategies. Modern 

application of biotechnology in developing maize can be divided 

into two main categories: molecular genetics and genetic  

engineering. Functional genomics is intended to explain the role 

of all genes in an organism, and it will become an important bio-

technology tool (Prasanna, 2008). The various steps involved in  

hybrid breeding programs such as multiple crosses and screen-

ing for superior performance and Heterosis combinations are 

very expensive, laborious and time consuming. If Heterosis can 

be predicted before the crosses are made, then the number of 

crosses to be performed and the progeny to be screened can be 

reduced considerably. Genetic diversity between the parents 

has been suggested as a potential predictor of Heterosis. The 

relationship between RFLP-based genetic distance and Hetero-

sis depends on the form of crosses studied. In determining the 

correct breeding technique, the type of gene actions involved in 

hybrid success and their relative contribution are of particular 

importance. One theory for the Heterosis interpretation is over-

dominance. The correlation coefficient for grain yield and genet-

ic distances based on SSR markers between mid-parent Hetero-

sis is positive and mainly significant, while their magnitude is not 

high enough to be useful in the prediction of Heterotic results. 

The number of crosses to be performed and the progeny to be 

screened can be reduced considerably. Marker-assisted selec-

tion (MAS) is based on the concept that the presence of a gene 

can be inferred from a marker which is closely associated with 

the gene. With MAS, the breeder can perform several selection 

rounds in one year, without relying on the pathogen's natural 

occurrence. Encouraging results for maize streak resistance  

virus and drought tolerance have been obtained at CIMMYT in 

MAS (Ribaut et al., 2001, 2007). The availability of tightly linked 

genetic markers for resistance genes will help to identify plants 

carrying these genes at the same time without subjecting them 

to early generation pathogen attacks. Most of the published  

paper end with a conclusion that MAS would be useful, but it has 

not yet published the results of effective MAS effort. Structure 

of maize genome makes direct genome sequencing very difficult 

for gene discovery. DNA markers have provided useful  

resources in a number of analyzes, from phylogenetic analysis to 

positional gene cloning. 50 percent of the world's agricultural 

productivity has been achieved through traditional plant breed-

ing. Biotechnology is becoming increasingly important in agricul-

ture, but it should not be forgotten that plant breeding still plays 

a key role, says Gai et al. (2000). The development of high-

density molecular maps facilitated by DNA markers has made 

mapping and tagging of nearly every trait possible and serves as 

bases for assisted marker selection, they say. The research will 

help to elucidate gene function, gene regulation and expression. 

Maize genome sequencing would help to elucidate gene func-

tion, gene regulation and expression. Modern biotechnologies 

could complement and boost the efficiency of conventional 

breeding and selection techniques to improve the agricultural 

productivity. 

 

Major constraint for maize self-sufficiency in Nepal 

Hybrid maize plays an important role for the self-sufficiency of 

maize in Nepal. Low seed production, diseases and plagues, man-

agement activities, socio-economic factors, etc. are among the 

major constraints. Different diseases and pests have been re-

ported throughout Nepal attacking maize in Maize Fields as well 

as in Stores. Turcicum leaf blight is widespread in hill habitats 

and can cause significant losses if there is no strong genetic re-

sistance to the variety. The banded leaf and sheath blight 

(Rhizoctonia solani) increased in all habitats. Downy mildew 

(Perona sclerospora spp.) and leaf firing in the terai; are the  

important diseases mentioned by farmers. White grubs, stem 

borers, and termites were major maize field insects. Farmers lack 

knowledge on the fertilizer dose and method of application. Pot 

also causes significant yield losses worldwide with an average of 

12.8 percent amid applications for cannabis control, and 29.2 

percent for non-drug control. Experimental results at ARS, 

Pakhribas showed weedy environment resulting in maize yield 

reduction of up to 70 percent. In Nepal the total irrigated area is 

only about 1331 thousand ha (MOAD, 2016, 2017). The formal 

sector's contribution is less than 10 percent and efficiency is a 

productivity constraint. Large volumes of low-quality hybrids 

and other seeds are imported from India and distributed through 

agro-vets to farmers. Nepal has occasional crop failure in the 

past. Two-thirds of the maize is produced during the summer 

season in the mid hills and high hills. Delay in monsoon during 

planting, uneven rainfall distribution and prolonged drought dur-

ing crop season can adversely affect crop yield. The lack of agri-

cultural labor adversely affects production. NARC is suffering 

from an insufficient operating budget as a consequence of this 

also affecting maize research. These all of the above factors  

directly and indirectly affect maize production. If all these obsta-

cles are resolved we will surely fulfill our goal of self-sufficiency. 

 

Importance of single cross hybrid in present scenario of Nepal 

Maize requirements are rising day by day, whether for food or 

for meat. Nepal requires 2750 t of feed per day for the poultry 

(yellow maize) industry. We consume 0.5 M t of maize grain per 

year, 80 percent of which (value USD 10 million) is imported 

from India (NFA, 2018). There are approximately 127 feed mills 

(2 to 400 t/day capacity) registered and engaged in Nepal's feed 

industry. In the last five years, demand for poultry and animal 

feed has risen by around 13 percent and 8.5 percent per year, 

respectively. All of these above data and fats reveal the current 

maize consumption scenario in Nepal that clearly shows the 

need for higher production. So SCH comes into practice when 



224 

 

Pabitra Joshi and Damodar Gautam /Arch. Agric. Environ. Sci., 6(2): 218-226 (2021) 

the case of higher demand has come in. In Nepal, the registered 

hybrids developed are single cross hybrids that contribute 

greatly to increased yield. Annual demand for maize seed in  

Nepal is 19552 MT. NARC-developed hybrids have yet to be 

marketed due to involvement in restricted market growth activ-

ities. There are many constraints in maize production in Nepal 

as mentioned above. To meet the demand we import seeds from 

foreign countries. All the hybrids created by NARC since now 

have been single cross hybrids (Table 2). 

Due to the problem in flowering synchronization, First devel-

oped hybrid of Nepal i.e., Gaurav hybrid is in the process of  

de-notification from the released/registered list of Seed Quality 

Control Center (SQCC). Maize seed distribution and adoption in 

Nepal Hybrid (SCH) maize has been reported to cover < 10 per 

cent of the total maize region (SEAN 2017; SQCC 2018). This 

means we’ve got a long way to go. The hybrids should be  

commercialized. Extension workers should make the pros and 

cons of hybrid maize clear to farmers. NARC will step up  

research work to develop and disseminate higher yield,  

pest-resistant hybrids. 

 

Conclusion 

 

Genetic enhancement is the most preferred and effective means 

through which farmers and environment friendly varieties can 

be developed in sustainable way. Identification and categoriza-

tion of maize Heterotic groups through analyzing the combining 

ability is vital to explore Heterosis in maize. Modern plant 

breeding techniques and biotechnological approaches are the 

penetrating points for rapid progress in plant breeding. Identify-

ing and collecting the economically and environmentally im-

portant genes is now possible within a short period of time 

through biotechnological tools. Comparing with other nations, 

Nepal is very far behind exploiting Heterosis in maize crop and 

using the very few biotechnological tools to enhance the con-

ventional crop breeding. Therefore, focus should be given to 

explore the potential of maize genetic resources and Heterosis. 

Demand of maize grain is increasing mainly due to changing 

food consumption patterns and increased feed industry but still, 

large yield gap is persistent in maize crop resulting higher im-

port of maize grain from other countries. Mainly due to the yield 

advantage, among the different types of maize hybrids, single 

cross maize hybrids cultivation in potential areas considering 

crop management practices is the best way to increase produc-

tivity thereby achieving the maize self-sufficiency in Nepal. 

ACKNOWLEDGEMENT 

 

The author’s express sincere thanks and gratefully acknowledge 

all helping hands of this study. All personages who provided 

valuable feedback and suggestions on this paper are also appre-

ciated. 

 

Open Access: This is an open access article distributed under the 

terms of the Creative Commons Attribution NonCommercial 4.0 

International License, which permits unrestricted use, distribution, 

and reproduction in any medium, provided the original author(s) or 

sources are credited.   

 

REFERENCES 

 

Acquaah, G. (2012). Principles of Plant Genetics and Breeding (2nd ed.). Chapter: 

34. Breeding Sorghum. Oxford, UK: John Wiley & Sons, Ltd.; Wiley Online 

Library. 

Adhikari, J. (2014). Seed sovereignty: Analysing the debate on hybrid seeds and 

GMOs and bringing about sustainability in agricultural development. Journal 

of Forest and Livelihood 12, 33-46.  

Beyene, Y. (2016, August 22). Development of maize hybrids , CIMMYT –,—Google 

Search [Senior Maize Breeder, CIMMYT]. Kenya Presentation to Maize 

Breeding Technicians Training course, Mtwapa, Kenya. 

Boćanski, J., Srećkov, Z., & Nastasić,  A. (2009). Genetic and phenotypic relation-
ship between grain yield and components of grain yield of maize (Zea mays 
L.). Genetika, 41, https://doi.org/10.2298/GENSR0902145B 

Bruce, A. B. (1910). The Mendelian theory of heredity and the augmentation of 
vigor. Science (New York, N.Y.), 32(827), 627–628. https://doi.org/10.1126/
science.32.827.627-a 

Charlesworth, D., & Willis, J. H. (2009). The genetics of inbreeding depression. 

Nature Reviews. Genetics, 10(11), 783–796, https://doi.org/10.1038/

nrg2664 

Cisneros-López, M., Mendoza-Onofre, L. E., Mora- Aguilera, G., Córdova-Téllez, L., 

& Livera-Muñoz, M. (2007). Cold tolerant sorghum hybrids and parental 

lines. I: Seed quality and its effects on seedling establishment. 41(1), 45–55. 

Cordava, H. S., Vergara, N., Antonio, R., & Avila, G. (2000). CIMMYT tropical  

lowland maize research report 2000. 

Cox, T. S., & Murphy, J. P.  (1990). The effect of parental divergence on F2 Hetero-

sis in winter wheat crosses. TAG. Theoretical and Applied Genetics.  

Theoretische Und Angewandte Genetik, 79(2), 241–250,  

https://doi.org/10.1007/BF00225958 

Cress, C. (1967). Reciprocal Recurrent Selection and Modifications in Simulated 

Populations. Crop Science 7. 

Crow, J. F. (1998). 90 years ago: The beginning of hybrid maize. Genetics, 148(3), 

923–928. 

Dass, S., Kaul, J., Singode, A., & Karjagi, C. (2009). Single cross hybrid maize – A 

viable solution in the changing climate scenario. Indian Journal of Genetics 

and Plant Breeding, 69, 331–334. 

Davenport, C. B. (1908). Degeneration, albinism and inbreeding. Science (New York, 

N.Y.), 28(718), 454–455, https://doi.org/10.1126/science.28.718.454-b 

Dhakal, S. C., Regmi, P. P., Thapa, R. B., Sah, S. K., & Khatri-Chhetri, D. B. (2015). 

Productivity and profitability of maize-pumpkin mix cropping in Chitwan, 

Nepal. Journal of Maize Research and Development, 1, 112-122.  

Table 2. List of released and registered hybrids present in Nepal are as follows along with their parental lines from which they are 
developed. 

S.N. Name of Hybrid Parental line Released year (B.S) Maturity days Production potential 

1 Gaurav hybrid RML-1 X RML-2 2061 110-150 8.1 

2 Rampur hybrid – 2 NML-3 X NML-2 2061 130-160 7.0 

3 Khumal hybrid  – 2 KYM-33/KYM-35 2071 130-155 9.08 

3 Rampur hybrid – 4 RML32 X RML17 2073 155-165 6.95 

4 Rampur hybrid – 6 RML4X RML17 2073 158-168 6.8 

5 Rampur hybrid – 8 RML149 X RML18 2074 110-115 7.56 

6 Rampur hybrid – 10 RML150 X RML18 2074 120-160 8.05 



225 

 

Pabitra Joshi and Damodar Gautam /Arch. Agric. Environ. Sci., 6(2): 218-226 (2021) 

Diers, B. W., McVetty, P. B. E., & Osborn, T. C. (1996). Relationship between  

Heterosis and Genetic Distance Based on Restriction Fragment Length 

Polymorphism Markers in Oilseed Rape (Brassica napus L.). Crop Science, 36

(1), https://doi.org/10.2135/cropsci1996.0011183X003600010014x 

Duvick, D. N., Smith, J. S. C., & Cooper, M. (2004). Long-term selection on  

a commercial hybrid maize breeding program. Plant Breeding Reviews. 

 https://agris.fao.org/agris-search/search.do?recordID=US201301006678 

Falconer, D. S. (2003). Introduction to Quantitative Genetics. Textbook Publishers. 

Fan, X. M., Chen, H. M., Tan, J., Xu, C. X., Zhang, Y. M., Huang, Y. X., & Kang, M. S. 

(2008). A New Maize Heterotic Pattern between Temperate and Tropical 

Germplasms. Agronomy Journal, 100(4), 917–923, https://doi.org/10.2134/

agronj2007.0298 

FAOSTAT. (n.d.). Retrieved May 13, 2020, from http://www.fao.org/faostat/en/

#data/QC 

Gai, X., Lal, S., Xing, L., Brendel, V., & Walbot, V. (2000). Gene discovery using the 

maize genome database ZmDB. Nucleic Acids Research, 28(1), 94–96,  

https://doi.org/10.1093/nar/28.1.94 

Goodman, M. (1985). Broadening the genetic diversity in maize breeding by use of 

exotic germplasm. 

Goodman, M. M. (North C. S. U. (2005). Broadening the US maize germplasm base 

[Zea mays L.]. Maydica (Italy). https://agris.fao.org/agris-search/search.do?

recordID=IT2006602229 

Griffing, B. (1956). A generalized treatment of the use of diallel crosses in quantita-

tive inheritance. Heredity 10, 31–50 

Gurung, D. B., Bhandari, B., Shrestha, J., & Tripathi, M. P. (2011). Effect of sowing 

dates and genotypes on productivity of maize in terai region of Nepal.  

International Research Journal of Applied and Basic Sciences, 2(12): 446-451. 

Gurung, D. B., George, M. L., & Delacruz, Q. D. (2009). Determination of Heterotic 

Groups in Nepalese Yellow Maize Populations. Nepal Journal of Science and 

Technology, 10, 1–8, https://doi.org/10.3126/njst.v10i0.2802 

Gurung, D. B., Upadhyay, S. R., Pandey, B. R., Pokhrel, B. B., & Kshetri, J. B. (2011). 

Hybrid maize seed production: A new initiative for reliable and sustainable 

hybrid maize seed supply in Nepal. 8, 1–8. 

Hull, F. H. (1945). Recurrent selection for specific combining ability in corn. 134–135. 

Jones, D. F. (1918). The effects of inbreeding and crossbreeding upon development. 

KC, G., Karki, T. B., Shrestha, J., & Achhami, B. B. (2015). Status and prospects of 

maize research in Nepal. Journal of Maize Research and Development, 1(1),  

1–9, https://doi.org/10.3126/jmrd.v1i1.14239 

Keeble, F., & Pellew, C. (1911). The mode of inheritance of stature and of time of 

flowering in peas (Pisum sativum). Zeitschrift für induktive Abstammungs- 

und Vererbungslehre, 5(1), 331–331, https://doi.org/10.1007/BF01798042 

Kunwar, C. B., & Shrestha, J. (2014). Evaluating Performance of Maize hybrids in 

Terai Region of Nepal. World Journal of Agricultural Research, 2(1), 22–25, 

https://doi.org/10.12691/wjar-2-1-4 

León-Velasco, H., Onofre, L., Castillo-Gonzalez, F., Cervantes-Santana, T., &  

Martinez-Garza, A. (2009). Evaluation of two generations of cold tolerant 

sorghum hybrids and parental lines. I: Genetic variability and adaptability. 

Agrociencia, 43, 483–496. 

Li Y., Du, J., Wang, T., Shi, Y., Song, Y. and Jia J. (2002). Genetic diversity and  

relationships among Chinese maize 

Li Y., Shi, Y., Song, Y., Du, J., Tuberosa, R. and Wang, T. (2004) Analysis of genetic 

diversity in maize inbred lines based on AFLP markers. Maydica 49: 89-95. 

Liao, C. J., Wang, Y. H., Lin, J. X., Lu, H. D., & Chen, S. H. (2011). Preliminary Analysis 

on Key Agronomic Traits Relating to Biomass and Quality of Silage Maize. 

Fujian Journal of Agricultural Sciences, http://en.cnki.com.cn/Article_en/

CJFDTOTAL-FJNX201104017.htm 

Liu, Z. H., Chen, W. C., & Chang, S. M. (1994). Study on the selection of corn sister 

lines and the utilization of modified single cross-es. 9, 1–6. 

Lou, F. H., Chen, W. C., Ji, L. Y., Hu, Y. M., Liu, Z. H., Chen, S. J., Ji, H. Q., & Lu, X. Q. (1993). 

Studies on methods for developing modified single crosses of maize. 19, 321–327. 

MacRobert, J. F., Setimela, P. S., Gethi, J., & Worku, M. (2014). Maize Hybrid Seed 

Production Manual. CIMMYT. 

Meena, A., Gurjar, D., Patil, S. S., & Kumhar, B. (2017). Concept of Heterotic Group 

and its Exploitation in Hybrid Breeding. International Journal of Current  

Microbiology and Applied Sciences, 6, 61–73, https://doi.org/10.20546/

ijcmas.2017.606.007 

Melchinger, A. E., Boppenmaier, J., Dhillon, B. S., Pollmer, W. G., & Herrmann, R. G. 

(1992). Genetic diversity for RFLPs in European maize inbreds: II. Relation to 

performance of hybrids within versus between heterotic groups for forage 

traits. TAG. Theoretical and Applied Genetic. Theoretische Und Angewandte 

Genetik, 84(5–6), 672–681, https://doi.org/10.1007/BF00224167 

Miranda, G., Souza, L., Galvão, C., Guimaraes, L., Melo, A., & Santos, I. (2008).  

Genetic variability and heterotic groups of Brazilian popcorn populations. 

Euphytica, 162, 431–440, https://doi.org/10.1007/s10681-007-9598-9 

MoAD. (2016). Statistical Information on Nepalese Agriculture 2015/16. Govern-

ment of Nepal, Ministry of Agriculture and Cooperatives. AgriBusiness 

Promotion and Statistics Division. 

MoAD. (2017). Statistical Information on Nepalese Agriculture 2016/17.  Govern-

ment of Nepal, Ministry of Agriculture and Cooperatives. AgriBusiness 

Promotion and Statistics Division. 

MOAD/CBS. (2016). Food and Nutrition Security: A Status Report. Reported by 

Ministry of Agricultural Development and Central Bureau of Statistics to the 

Food and Agricultural Organizations, Nepal. 

NARC. (2016). Newly Released Crop Varieties. Published by Government of 

Nepal/ Nepal Agriculture Research Council, http://www.narc.gov.np/narc/

varieties_released.php (accessed on 24th October, 2016). 

Nelson, P., & Goodman, M. (2008). Evaluation of Elite Exotic Maize Inbreds for Use 

in Temperate Breeding. Reproduced from Crop Science. Crop Science  

Society of America Crop Science, 48, 2008–2085, https://doi.org/10.2135/

cropsci2007.05.0287 

NMRP. (2013). Registered maize Varieties in Nepal Up to 2013. Published by 

Government of Nepal/ Nepal Agriculture Research Council/National maize 

Research Program, Rampur, Chitwan. 

NMRP. (2015). Characteristics of maize Varieties Developed and Released in 

Nepal (1966-2015). Published by Government of Nepal/ Nepal Agriculture 

Research Council/National Maize Research Program, Rampur, Chitwan. 

NMRP. (2017). Annual Report 2073/74 (2016/17). National Maize Research  

Program, NARC, Rampur, Chitwan, Nepal. 

Pingali, P. L., & Pandey, S. (2001). CIMMYT 1999/2000 World maize facts and 

trends. meeting world maize needs: Technological opportunities and priori-

ties for the public sector [Report]. CIMMYT. https://repository.cimmyt.org/

handle/10883/771 

Prasanna, B. M. (2008, October 20). Molecular markers for maize improvement in 

Asia. The 10th Asian Regional Maize Workshop. Maize for Asia; Emerging 

Trends and Technologies, Makassar, Indonesia. 

Ribaut, J. M., Betran, J., Dreher, K., Pixley, K., & Hoisington, D. (2001). Marker-

assisted seelction in maize: Strategies, examples and costs. Plant and animal 

genome IX conference. 13-13.01.2001, California. 

Ribaut, J.-M., Fracheboud, Y., Monneveux, P., Banziger, M., Vargas, M., & Jiang, C. 

(2007). Quantitative trait loci for yield and correlated traits under high and 

low soil nitrogen conditions in tropical maize. Molecular Breeding, 20(1),  

15–29, https://doi.org/10.1007/s11032-006-9041-2 

Rojas, B. A., & Sprague, G. F. (1952). A comparision of variance components in corn 

yield trials: III. General and specific combining ability and their interaction 

with locations and years. 44, 462–466. 

Russell, W. A. (1986). Contribution of breading to maize improvement in United 

States 1920s-1980s. 61, 5–34. 

Schnell, N., Engelke, G., Augustin, J., Rosenstein, R., Ungermann, V., Götz, F.,  

& Entian, K. D. (1992). Analysis of genes involved in the  

biosynthesis of lantibiotic epidermin. European Journal of Biochemistry,  

204(1), 57-68. 

Sharma, D., Upadhyay, S. R., Paudel, D. C., Koirala, K. B., Baniya, B. K., Pokhrel, B. B., 

Adhikari, B. N., Maharjan, B. B., Dhami, N. B., & Katuwal, R. B. (2004). Evalua-

tion of full season open pollinated maize varieties (OPVs) for improving food 

security in the hill of Nepal. In: Proceedings of the 24th National Summer 

Crops Workshop on Maize Research Production in Nepal (DP Sherchan, K 

Adhikari, BK Basta, D Sharma, Eds), 28-30 June 2004, 49. 

Shull, G. H. (1908). The Composition of a Field of Maize. Journal of Heredity, os,  

4(1), 296–301, https://doi.org/10.1093/jhered/os-4.1.296 

Shull, G. H. (1909). A Pure-Line Method in Corn Breeding. Journal of Heredity, os,  

5(1), 51–58, https://doi.org/10.1093/jhered/os-5.1.51 

Smith, O. S., Smith, J. S., Bowen, S. L., Tenborg, R. A., & Wall, S. J. (1990). Similarities 

among a group of elite maize inbreds as measured by pedigree, F1 grain 

yield, grain yield, Heterosis, and RFLPs. TAG. Theoretical and Applied  

Genetics. Theoretische Und Angewandte Genetik, 80(6), 833–840,  

https://doi.org/10.1007/BF00224201 

Thapa, M. (2013). Regulatory framework of GMOs and hybrid seeds in Nepal. 

Agronomy Journal of Nepal, 3, 128-138.  

Tracy, W. F., & Chandler, M. A. (2008). The Historical and Biological Basis of the 

Concept of Heterotic Patterns in Corn Belt Dent Maize. In Plant Breeding: 

The Arnel R. Hallauer International Symposium (pp. 219–233). John Wiley & 

Sons, Ltd. https://doi.org/10.1002/9780470752708.ch16 



226 

 

Pabitra Joshi and Damodar Gautam /Arch. Agric. Environ. Sci., 6(2): 218-226 (2021) 

Vasal, S. K., Cordova, H. S, Pandey, S. & Srinivasan, G. (1999) Tropical maize and 

heterosis. Chapter 34. In: Coors JG, Pandey S (eds) The genetics and exploi-

tation of heterosis in crops. CSSA, Madison, Wisconsin 

Wellhausen, E.1. (1978). Recent developments in maize breeding in the tropics. p. 

59-89. In D.B. Walden, (ed.) Maize breeding and genetics. John Wiley & Sons, 

New York. 

Wych, R. D. (1988). Production of hybrid seed corn. In In G.F. Sprague and J.W. 

Dudley (ed.) Corn and CORN Improvement (pp. 565–607). ASA-CSSA-SSA 

Publishers, Madison, WI. 

Xia, X. C., Reif, J. C., Melchinger, A. E., Frisch, M., Hoisington, D. A., Beck, D. L., 

Pixley, K. V., & Warburton, M. L. (2005). Genetic diversity among CIMMYT 

maize inbred lines investigated with SSR markers: II. subtropical, tropical 

midaltitude, and highland maize inbred lines and their relationships with 

elite U.S. and European maize. Crop Science. https://repository.cimmyt.org/

handle/10883/3004 

Yuan, L., Zhang, S., Warburton, M., Li, X., & Li, M. (2002). Assessment of genetic 

similarities among maize inbred lines using SSR markers. In Proc. 8th Asian 

Regional Maize Workshop. PH Zaidi (Ed.) (pp. 50–58). 


