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Abstract

Intensively managed crop systems are normally dependent on nitrogen input to maximize yield potential. Improve-
ments in nitrogen-use efficiency (NUE) in crop plants may support the development of cropping systems that are
more economically efficient and environment friendly. The objective of this study was to map and characterize
quantitative trait loci (QTL) for NUE in a maize population. In preliminary experiments, inbred lines contrasting
for NUE were identified and were used to generate populations of F2:3 families for genetic study. A total of 214 F2:3
families were evaluated in replicated trials under high nitrogen (280 kg/ha) and low nitrogen (30 kg/ha) conditions
in 1996 and 1997. Analysis of ear-leaf area, plant height, grain yield, ears per plant, kernels number per ear, and
kernel weight indicated significant genetic variation among F2:3 families. The heritability of these traits was found
to be high (h2 = 0.57–0.81). The mapping population were genotyped using a set of 99 restriction fragment length
polymorphism (RFLP) markers. A linkage map of these markers was developed and used to identify QTL. Between
two and six loci were found to be associated with each trait. The correspondence of several genomic regions with
traits measured under nitrogen limited conditions suggests the presence of QTL associated with NUE. QTLs will
help breeders to improve their maize ideotype of a low-nitrogen efficiency by identifying those constitutive and
adaptive traits involved in the expression of traits significantly correlated with yield, such as ear leaf area and
number of ears per plant.

Introduction

Although soil nitrogen content frequently limits maize
yields in Egypt and in other countries around the
world, maize breeding programs have generally fo-
cused on increasing yield under conditions where the
nitrogen supply is adequate to maximize yield po-
tential. Over the past 45 years, maize yields in the
USA and around the world have increased; how-
ever, these gains have corresponded with increased
use of nitrogen (N) fertilizer and higher planting den-
sity [12]. The benefits of increased yield potential in
high-input cropping systems have not been realized by
resource-poor farmers in marginal areas [9]. Nitrogen
deficiency can also be a problem where N is applied at
below-optimal levels because of the potential for low

economic return resulting from drought or excessive
leaching of nitrate [23, 24]. The development of culti-
vars that are superior in the utilization of available N
may provide one approach to reducing the impact of
N-deficiency in maize production.

The potential for genetic improvement in nitrogen
use efficiency (NUE), defined as grain produced per
unit of N supplied, depends on the magnitude and the
nature of differences among genotypes [31]. Selection
for yield in environments having low N status should
be more effective than selection for yield potential
alone; however, such environments are not normally
favored by maize breeders because of increased envi-
ronmental variability and reduced heritability of grain
yield under low nitrogen conditions [8]. In practice,
low fertility effects are usually minimized in breeding



188

nurseries by applying N at levels required to saturate
the response of maize to N. As a result, the N response
of maize populations has been shown to be altered by
selection for yield in these environments [3, 21, 24, 25,
31, 33, 49]. High yielding hybrids and lines typically
respond favorably to increased nitrogen inputs.

The efficiency of selection for yield in low-N envi-
ronments may be improved by selection for correlated
secondary traits [8]. Traits related to efficient N uptake
and metabolism have been suggested as selection pa-
rameters. Among these traits are improved N uptake
characteristics by seedlings [50] and high plant nitrate
content [32]. Genetic variation for mobilization of N
from leaves and stems to grain has also been shown
[11]. There may be potential for developing cultivars
that accumulate large amounts of N during the vege-
tative stage and redistribute it efficiently during grain
production [5]. Although such traits are usually less
affected by environmental variation than yield, the dif-
ficulty of measuring them quickly and precisely has
limited routine application in breeding programs.

Genotypic differences in response of maize to
nitrogen fertilizers have been reported [46, 47].
Some early studies reported hereditary differences in
seedling responses to nitrate and ammonium forms
of nitrogen when grown in nutrient solutions [17].
Although the nitrate forms of fertilizer provided the
highest average response, certain inbreds were iden-
tified that responded well to the ammonium form of
nitrogen [31]. Genetic studies evaluating N response
in breeding lines and corn hybrids suggested polygenic
inheritance [11, 36].

Molecular markers can be used to study the in-
heritance of complex traits and identify specific loci
associated with the expression of these traits. Re-
cent advances in biotechnology have demonstrated
that genes for specific traits, such as drought tolerance
[2, 40, 41], heterosis [48], low phosphorus efficiency
[39], grain yield [52], European corn borer resis-
tance [45] and chemical and sensory characteristics
of eating quality [4], can be identified by molecular
mapping techniques. Once a desired trait has been
identified in a segregating population, specific chro-
mosome segments controlling variation for the trait
can be localized using RFLPs or some other type of
genetic marker system [6, 19, 20]. Markers shown to
be linked to specific genes may be used to facilitate se-
lection of desired genotypes through marker-assisted
selection (MAS).

The objectives of this project were (1) to ascertain
the chromosomal location and genetic effects of QTL

for traits associated with nitrogen use efficiency in
maize; and (2) to estimate the level of phenotypic and
genotypic interaction between these different traits.

Materials and methods

Experimental population

The parental lines used in this study were identi-
fied in an experiment evaluating 27 diverse maize
(Zea maysL.) breeding lines for nitrogen use effi-
ciency. The inbreds were grown under five N rates
(60, 120, 180, 240 and 300 kg/ha) in 1991 in a ran-
domized complete block design with six replications
at two locations (Nubaria Agricultural Experimental
Station and Alexandria University Research Station).
The planting density in each environment was 52 000
plants/ha. Two inbred lines, B73 (BSSSC5) and G79
(Egyptian Local Inbred derived from American Early
Dent), were identified as being tolerant and intolerant,
respectively, under low-N stress and comparable under
adequate-N conditions. The inbred line B73 yielded
significantly more than G79 under low-N conditions
(60 kg/ha N). The tolerant inbred line B73 was crossed
to the intolerant inbred G79 in the field in the summer
of 1992. Resultant F1 plants were selfed in the summer
of 1993 and 214 randomly drawn F2−3 plants (from
two selfed F1 plants) were selfed in the field in the
following summer (1994) to produce of F2−3 families.
Leaf samples were harvested from F2 plants, quick-
frozen in liquid nitrogen, ground, and stored at−20◦C
before DNA extraction. A total of 214 F2−3 families
were seed-increased by random sib-mating [14] in the
summer of 1995.

Field experimental design and measurements

The agronomic performance of 214 F2−3 families was
evaluated in field experiments at Alexandria Univer-
sity Research Station in the summer of 1996 and 1997.
Trials were conducted using a lattice design with two
repetitions under two nitrogen levels: high-N fertilizer
(HNF, 280 kg/ha) and severe-stress of low-N (SNS,
30 kg/ha). The planting density in each season was
56 000 plants/ha. Maize was oversown at a within-row
spacing of 0.25 m in rows 6 m long spaced 0.75 m
apart. Plots were thinned to one plant per hill after
emergence.

The traits measured in each experiment were aver-
aged across 10 guarded plants selected from each plot.
Ear-leaf area (ELA), plant height (PHT), grain yield
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Table 1. Means (± SE) of parental lines (B73 and G79) and 214 F3 families, genetic variance (GV) and broad-sense heritability (h2)
for all traits.

Trait N level Mean± SE Range GV h2

B73 (P1) G79 (P2) F3 F3 F3

ELA (cm2) HNF 604.3 ± 13.1 668.5 ± 14.4 712.7 ± 13.5 556.2–749.0 754.8∗∗ 0.75

ELA (cm2) SNS 412.5 ± 16.2 423.8 ± 14.7 449.0 ± 15.3 412.3–497.6 1136.9∗∗ 0.81

PHT (cm) HNF 156.3± 26.8 148.4 ± 30.2 211.2 ± 27.5 154.2–296.4 352.9∗∗ 0.65

PHT (cm) SNS 132.7± 20.3 125.6 ± 18.4 175.9 ± 21.7 120.6–208.7 587.4∗∗ 0.73

GYP (g) HNF 63.4 ± 7.2 64.1 ± 6.3 115.8 ± 11.3 52.4–185.4 356.3∗∗ 0.57

GYP (g) SNS 27.8± 8.4 19.3 ± 7.9 45.8 ± 7.5 11.4–121.0 678.6∗∗ 0.69

EPP HNF 1.25± 0.023 1.15± 0.030 1.26± 0.025 0.85–1.53 0.276∗∗ 0.70

EPP SNS 0.87± 0.036 0.77± 0.034 0.81± 0.464 0.42–0.89 0.489∗∗ 0.74

NKE HNF 230.2 ± 3.5 251.4 ± 2.6 295.6 ± 2.2 194.1–330.4 534.5∗∗ 0.64

NKE SNS 155.3 ± 2.3 135.9 ± 1.7 164.2 ± 2.1 143.0–207.8 261.7∗∗ 0.72

KWT (g) HNF 58.2 ± 1.05 56.8 ± 0.91 95.5 ± 1.03 52.6–116.0 32.9∗∗ 0.68

KWT (g) SNS 48.3 ± 0.98 44.2 ± 0.85 67.6 ± 0.94 38.3–97.2 33.6∗∗ 0.61

∗∗ Significant atP < 0.01.

(14% moisture) per plant (GYP), number of ears per
plant (EPP) and number of kernels per ear (NKE) were
measured on selected plants. A sample of 300 kernels
from each plot was dried to 11% moisture and weighed
to determine kernel weight (KWT).

Data analysis

Adjusted means, as well as the genotypic variance per
trial, were calculated per family for each trait using
SAS [43]. Using the adjusted means of the 214 F3
families, simple correlation coefficients were calcu-
lated between the traits. Broad-sense heritability (h2)
of each trait was estimated under both of HNF and
SNS as described by Ribautet al. [40].

RFLP assays

DNA was extracted from leaf tissue of 214 F2
plants following a modification of the CTAB method
[42]. Genomic DNA of each individual was digested
with the restriction endonucleasesEcoRI, HindIII,
and BamHI. Digested DNA was fractioned in 0.7%
agarose gels. After electrophoresis, gels were de-
natured, neutralized and Southern blotted onto un-
charged nylon membranes (MSI Magnagraph,). DNA
probes were labeled by Polymerase Chain Reaction

(PCR) amplification with 2.5% or 5.0% digoxigenin-
dUTP (Boehringer-Mannheim). The probes were
detected with antidigxigenin-alkaline phosphatase-
AMPPD chemiluminescent protocol previously de-
scribed in detail [2]. 185 RFLP probes from
Brookhaven National Laboratory (bnl) and University
of Missouri at Columbia (umc), were used to screen
the two parental lines and an F2 progeny sample of six
individuals. Probes detecting polymorphism between
the parents with at least one enzyme were used to
construct the linkage map of the F2 population. Seg-
regation ratios at each marker locus were tested by
a χ2 goodness of fit test for the expected Mendelian
segregation ratio 1:2:1 for co-dominant loci and 3:1
for dominant ones.

RFLP mapping and QTL determination

The program MAPMAKER (version 3.0; LOD thresh-
old 3.0) [27] was used to develop a linkage map
of RFLP markers. Distances between markers are
presented in centiMorgans (cM) derived using the
Kosambi function units [22]. QTL for each trait were
identified using the interval mapping method with
MAPMAKER/QTL. QTL analysis was performed on
the adjusted 214 F3 family means for the traits mea-
sured within each season as well as across seasons for
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Table 2. Genetic characteristics of QTLs involved in expression of ear leaf are (ELA) and plant height (PHT) under high nitrogen
fertilizer (HNF) and severe stress nitrogen (SNS).

Trait N-level Chromosome QTL Nearest Peak Genetic effect1 Direction2 Phenotypic

position RFLP LOD add. dom. variance

(cM) locus score (%)

ELA HNF 5 82.5 umc133b 2.84 53.1 −48.9 G79 11.3

8 141.6 bnl5.33 3.25 32.5 74.4 G79 18.1

10 90.3 umc44 3.10 −43.2 85.3 B73 14.3

6.64 32.8

ELA SNS 1 58.6 bnl9.13 4.21 −25.4 −16.2 B73 15.2

3 44.9 umc121 3.80 50.7 24.6 B73 17.8

8 9.5 bnl9.11 3.47 37.9 −48.6 B73 7.4

8 164.3 umc152 3.89 36.1 63.4 G79 11.1

9.86 35.6

PHT HNF 3 48.6 umc50 5.23 65.8 −43.9 G79 16.1

5 85.7 umc133b 4.56 48.2 −27.2 G79 12.4

9 21.1 umc165 3.62 −36.7 33.4 B73 18.3

12.04 32.5

PHT SNS 1 51.4 bnl9.13 4.58 60.9 77.3 B73 11.5

2 57.1 umc61 3.73 −41.3 −48.1 B73 9.6

3 58.9 umc50 4.84 32.4 63.1 G79 13.1

5 137.7 umc126 5.01 28.5 60.7 G79 15.2

9 32.6 umc165 3.23 −42.8 34.8 B73 10.3

19.11 38.2

1Additive effects are associated with the allele from intolerant line (P2). A positive value means that the P2 allele increases the
numeric value of the trait.
2Direction indicates the parental line which contributes to the increase of the numeric value of the trait.

each nitrogen level. A LOD score of 2.5 was cho-
sen as a minimum to declare the presence of QTL
in a given genomic region [26]. The percentage of
variance explained by individual QTL and allelic ef-
fects (additive and dominance) were estimated at the
maximum-likelihood QTL position. Since the esti-
mates of dominance are based on F3 progeny, they
are multiplied by two to obtain the correct dominance
estimation because they are expected to be reduced by
half from heterozygous F2 plants [30].

Results

Characterization of parental lines

A combined analysis of maize breeding lines over
two locations in 1991 identified two inbreds (B73 and
G79) that were tolerant and intolerant, respectively,
to low-N conditions (Figure 1). These lines produced

Figure 1. Grain yield in grams per plant (g/p) of the two maize
parental lines (B73 and G79) under different nitrogen levels evalu-
ated in 1991. Data combined across Nubaria Agricultural Research
Station and Alexandria University Experiment Station.

similar grain yields at high-N (240 or 300 kg/ha N),
but B73 (P1) yielded significantly more than G79 (P2)
under low-N conditions (60 kg/ha N).



191

Table 3. Genetic characteristics of QTLs involved in expression of grain yield (GYP) under high nitrogen fertilizer
(HNF) and severe stress nitrogen (SNS).

N-level Chromosome QTL Nearest Peak Genetic effect1 Direction2 Phenotypic

position RFLP LOD add. dom. variance

(cM) locus score (%)

HNF 1 131.4 umc128 3.67 10.2 19.5 G79 10.3

4 33.6 umc171 2.59 9.8 12.1 B73 14.1

5 8.5 bnl8.33 4.61 7.1 −8.8 B73 9.5

9 122.7 bnl4.26 3.00 6.3 17.6 G79 12.2

10 74.8 umc163 3.82 9.4 14.3 G79 7.1

15.32 40.8

SNS 1 46.9 bnl9.13 3.79 −12.1 20.4 G79 11.3

2 90.6 bnl12.06 4.78 −17.2 12.7 B73 8.1

7 110.8 umc168 2.90 8.0 9.2 B73 13.4

9 59.6 umc20 3.83 −10.4 −8.0 B73 9.2

9 120.7 bnl4.26 3.56 −9.7 −5.3 G79 5.4

10 69.4 umc163 3.05 11.3 2.8 G79 7.3

18.67 42.1

1Additive effects are associated with the allele from intolerant line (P2). A positive value means that the P2 allele
increases the numeric value of the trait.
2 Direction indicates the parental line which contributes to the increase of the numeric value of the trait.

RFLP genetic linkage map

A total of 108 RFLP markers (97 probes) were used
to construct a genetic linkage map of the F2 map-
ping population. Eleven probes identified 2 polymor-
phisms which were scored separately. The map cov-
ered 1570 cM with 99 marker loci classified into ten
linkage groups. The average distance between adja-
cent marker loci was about 16.5 cM. Nine markers re-
mained genetically unlinked. The length of the longest
gap between two loci, located on chromosomes 4 and
8, was 48 cM. The map is largely in agreement with
previously published maps established for temperate
maize (e.g., see Maize Genetics Cooperation Newslet-
ter 1996). However, in this analysis, umc134 and
umc165 were linked to markers on chromosome 6 and
9 while they were previously mapped on chromosome
2 and 3, respectively. This indicates that the probes
umc134 and umc165 may detect distinct polymorphic
loci in different populations.

Phenotypic performance of the parental lines and
mapping population

Significant genotypic differences were identified
among F3 families for all traits under high-N and
low-N conditions. The interaction between season-
s and families was not significant, thus individual

families responded similarly in both seasons. From
high-N to low-N conditions, marked reductions were
observed in the F3 family mean and in the spread of
the distribution for all traits but ear-leaf area (ELA)
(Table 1). For ELA, the range among F3 families in-
creased under low-N conditions (SNS); however, the
ELA mean of these families was decreased by 37%.
Grain yield/plant (GYP) fell by 85% under low-N
conditions. Decreased GYP was associated with re-
ductions in ear number (EPP), kernel number (NKE)
and kernel weight (KWT). The parental means for
GYP under SNS conditions were significantly lower
than the overall mean of the F3 families. This result
suggests the effects of dominance or overdominance
in the expression of these traits.

Increased genetic variance (GV) was detected for
ELA, plant height (PHT), GYP, and EPP under low-
N conditions (Table 1). Increased genetic variance
suggests increased power for QTL detection for these
traits. Heritability (h2) was also calculated for each
trait under low-N and high-N conditions. Heritability
for each trait was surprisingly high which may reflect
the absence of G× E interaction.

A linear correlation of traits showed that most traits
were significantly and positively correlated. How-
ever, KWT, one of the grain yield components, was
not significantly correlated with grain yield under
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Table 4. Genetic characteristics of QTLs involved in expression of ear per plant (EPP), number of kernels per ear (NKE) and 300
kernel weight (KWT) under high nitrogen fertilizer (HNF) and severe stress nitrogen (SNS).

Trait N-level Chromosome QTL Nearest Peak Genetic effect1 Direction2 Phenotypic

position RFLP LOD add. dom. variance

(cM) locus score (%)

EPP HNF 1 196.4 umc83 4.77 −0.54 −0.61 B73 11.1

4 55.3 umc171 3.21 0.62 0.53 G79 9.5

6 30.0 bnl7.28 2.86 −0.44 −0.70 B73 7.7

9 112.7 umc95 3.60 −0.59 0.32 G79 10.4

12.49 33.1

EPP SNS 1 94.5 umc105 5.12 −0.36 0.45 B73 9.3

3 114.3 umc39a 4.03 0.48 −0.53 B73 12.6

6 35.6 bnl7.28 4.89 −0.37 0.41 B73 8.4

9 102.1 bnl4.26 3.11 −0.44 0.28 G79 7.8

14.54 24.5

NKE HNF 1 130.9 umc128 4.56 22.3 35.4 G79 14.3

9 133.4 bnl4.26 3.07 14.5 −11.2 B73 11.6

6.21 22.7

SNS 1 127.5 umc128 2.82 19.8 26.3 G79 7.2

NKE 7 105.6 umc168 3.05 17.2 −12.0 B73 10.1

6 148.4 bnl5.37 4.46 11.4 11.2 G79 9.4

9.83 20.3

KWT HNF 4 42.8 umc171 2.5 −6.16 5.32 B73 12.3

9 66.6 umc164b 3.2 8.44 7.50 B73 15.8

10 112.5 bnl7.49 2.9 −9.23 −9.23 B73 16.4

6.7 39.8

KWT SNS 5 137.1 bnl5.37 3.4 4.82 2.67 G79 9.6

9 48.3 umc20 3.1 −7.40 9.45 B73 14.8

4.9 17.1

1Additive effects are associated with the allele from intolerant line (P2). A positive value means that the P2 allele increases the
numeric value of the trait;2Direction indicates the parental line which contributes to the increase of the numeric value of the trait.

low N-conditions in this study. This may be due to
the reduction of kernel number observed under SNS.
By their nature, GYP, EPP, NKE and KWT are not
independent, as confirmed by Agrama [1].

Identifying QTLs for N-related traits

The data collected from both seasons were pooled to
obtain single trait values for each family under HNP
and SNS and these values were used for QTL analy-
sis. Analysis of variance identified several markers
that showed significant differences amongst genotypes
for every trait measured, indicating possible QTL for
those traits. Analysis of the same data with MAP-
MAKER/QTL confirmed the presence of significant

QTL for all the four major yield components and for
plant height and ear leaf area. The location and charac-
teristics of QTL identified for these traits are presented
in Tables 2, 3 and 4. The number of QTLs identified
per trait was between two and six under the two N-
levels, with more QTLs identified under low-N. The
total of phenotypic variance explained by QTL mark-
ers ranged between 11.8% for KWT (Table 4) and
42.1% for GYP (Table 4).

By comparing QTLs per nitrogen level, several ge-
nomic regions were shown to be associated with more
than one trait. A QTL (bnl9.13) on chromosome 1
was associated with ELA, PHT and GYP under low-N
conditions (Tables 2 and 3). Two other QTL associ-
ated with GYP under low-N on linkage groups 7 and
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9 were also associated with NKE and EPP respec-
tively (Tables 3 and 4). A QTL on linkage group 6
was associated with both NKE and KWT under low-N
(Table 4). The identification of several genomic re-
gions associated with the expression of different traits
reflects the highly significant linear correlation ob-
served between these traits under different nitrogen
stress conditions.

Dominant, overdominant and additive gene effects
were observed at several QTL positions (Tables 2–
4). These effects are consistent with the observed
frequency distributions of traits and observed mean
values of the two parental lines.

Discussion

Nitrogen uptake and utilization in corn production is
of great interest because of the economic cost asso-
ciated with high-input practices and because of its
influence on groundwater quality. Improvement of
nitrogen use efficiency in maize breeding programs
would have the advantage of reducing the costs of
N inputs and should help to reduce environmental
problems linked to high N fertilization. The selection
criteria identified by CIMMYT (International Maize
and Wheat Improvement Center) for maize tolerance
to low-N include: (1) grain yield at high and low N,
(2) plant height under low N, and (3) ear leaf area
under low N [10]. In our study, these traits showed
genetic variability in the parental lines, relatively high
heritability, simple method for measuring, and positive
associations among them.

The RFLP map developed using Mapmaker was
very close to the length of linkage maps constructed
in other studies [2, 40]. Although complete marker
coverage was not achieved (chromosome 4 and 8), ca.
85% of the genome was within 20 cM of at least one
marker, and most QTL for any particular trait should
have been identifiable [37, 38].

Only a few experiments have been reported to date
in which molecular markers have been used to iden-
tify and characterize QTL regulating maize responses
to environmental stress. Restriction fragment length
polymorphisms have been used to identify QTL for
low phosphorus tolerance [39], thermotolerance [34],
ABA under drought [28], aluminum tolerance [51] and
drought tolerance [2, 40, 41]. To our knowledge the
work described here is the first comprehensive analy-
sis of the location of QTL for traits determining the
response of maize to low nitrogen conditions.

Several QTL in this study appeared were associ-
ated with more than one trait. Three such QTL asso-
ciated with multiple traits were identified on linkage
group 1 (ELA, PHT and GYP), linkage group 7 (GYP
and NKE), and linkage group 9 (GYP and EPP). These
QTLs may have pleiotropic effects thereby explain-
ing the strong correlation observed among the traits.
Pleiotropy or close linkage between GYP, EPP and
NKE has been suggested by numerous other studies
using classical analysis [1, 16, 13, 23]. The high cor-
relation was confirmed by identification of different
QTLs for may traits on the same chromosome.

In this study, several QTL were associated with tol-
erance to low-N conditions. The percent of phenotypic
variance explained by different sets of QTL under the
two N levels was relatively high. From a genetic point
of view, it is logical to imagine that a large number of
genes are involved in the determination of yield. Grain
yield is really the final product of plant development,
and each physiological mechanism involved in plant
development should affect yield to varying degrees
[1, 41]. The large number of major phenotypic and
physiological changes (such plant height, ear leaf area,
number of ears or number of kernels), demonstrates
the complexity of plant response to nitrogen stress,
and it is expected that the number of QTL involved
in the expression of yield will be large. Of course, in
any given experiment, the stress level will be impor-
tant and the expression of particular traits will depend
on the stress intensity.

QTL detection above a given threshold of probabil-
ity is dependent on specific environmental conditions
[41]. In this experiment, the fact that some yield
QTL were not consistent across experiments was not
surprising because it is likely that different yield lim-
iting QTL are important in different environments.
The improvement of low-N tolerance in maize us-
ing molecular markers should be efficient when the
identification of QTL is achieved under low-nitrogen
conditions.

Selection for low nitrogen efficiency is often dif-
ficult, a problem that could be aided by indirect se-
lection with RFLP markers. The knowledge gained
in this study can be used directly in setting up a
marker-assisted selection (MAS) program. The QTL
on chromosomes 1, 2, 7, 9, and 10 are candidates
for incorporating yield components under low nitro-
gen. Marker information can be employed in selecting
for the desired regions. With RFLP MAS approach,
breeding can be carried out to reduce the cost of field
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testing and the time required to develop maize lines
with high nitrogen-use efficiency.
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