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ABSTRACT 
 

 

Developing nitrogen use efficient (NUE) genotypes of wheat could reduce crop N fertilizer 
requirement. However, selection for NUE alone can be difficult and less efficient than associating it 
with one or more of selection criteria. The aim of this study was to determine selection criteria for 
improving NUE in wheat genotypes and their F1 and F2 progenies under contrasting N 
environments. The results of this study indicated that high nitrogen uptake efficiency (NUPE), grain 
yield/plant (GYPP), grains/spike (GPS), spikes/plant (SPP), and grain protein content (GPC) of 
parents, high NUPE, GYPP, biological yield/plant (BYPP), GPC and GPS of F1's and high NUPE, 
harvest index (HI), BYPP, SPP, GPC and GPS of F2's have significant and strong correlation 
coefficients with high nitrogen use efficiency (NUE). It is observed that NUPE is commonly 
correlated with NUE in all studied genotypes (parents, F1's and F2's). Similarly, GPS is also strongly 
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correlated with NUE. Moreover, SPP is strongly correlated with NUE in parents and F2's. A 
negative and significant correlation existed between NUPE and NUTE for parents under high-N (-
0.82), F1's under high-N (-0.73) and low-N (-0.36) and F2's under high-N (-0.91) and low-N (-0.81). 
The traits NUPE, GYPP, SPP and GPS showed high heritability in narrow sense and could 
therefore be offered to wheat breeders for use in breeding programs as selection criteria for 
improving nitrogen use efficiency.  
 

 
Keywords: Correlations; bread wheat; NUE; secondary traits; heritability; N-uptake. 
 
1. INTRODUCTION 
 
Low soil nitrogen is among the major abiotic 
stresses threatening cereal production and 
limiting food security and economic growth [1]. 
The incidence of low-N stress may increase, due 
partly to global climate changes, declines in soil 
organic matter and reduction in soil fertility and 
water holding capacity [2]. One approach to 
reducing the impact of N deficiency on wheat 
production may be to select cultivars that are 
superior in N-use efficiency, either due to 
enhanced uptake capacity or because of more 
efficient use of absorbed N in grain production 
[3].  

 
Nitrogen use efficiency has been described in 
various ways, but these definitions generally 
describe two types of efficiency, either uptake 
efficiency or utilization efficiency. Nitrogen uptake 
efficiency (NUPE) has been defined as total plant 
nitrogen content per unit content per unit N 
available in the soil. Nitrogen utilization efficiency 
(NUTE) was described by Moll et al. [4] as the 
grain production per unit N concentration in the 
plant. They recommended the development of 
genotypes with both high uptake and high 
utilization efficiencies. 

 
Various studies worldwide have identified genetic 
associations between grain yield and NUE 
components under contrasting N conditions.  In 
general, these studies indicated that NUPE 
accounts for more of the genetic variation in NUE 
at low-N than at high N supply, e.g. amongst 10 
spring wheat cultivars in Mexico [5] and 20 winter 
wheat cultivars in France [6]. However, Dhugga 
and Waines [7] comparing 12 spring wheats in 
California, found that NUPE was the most 
important component of NUE at all N levels. 
 
Genetic gains in NUE with breeding under low N 
supply have been related mainly to 
improvements in NUPE in spring wheat in 
Mexico [5] and Finland [8] and to NUTE in winter 
wheat in France [9] and the UK [10]. In these 
studies, modern cultivars normally had higher 

yields than old cultivars under low N input 
conditions [5,9,10]. Under high N supply, several 
studies worldwide concluded that wheat breeding 
did not result in consistent improvements in 
NUPE but in improved NUTE associated with 
higher harvest index, e.g. in Mexico [11], 
Argentina [12], France [9] and in various 
countries [13,14]. In contrast, studies in the UK 
[10], Mexico [5] and Finland [8] found that 
increases in NUE were explained approximately 
equally by NUPE and NUTE. 
 
Numerous studies of cultivars and segregating 
populations have shown inverse relationships 
between grain yield and grain N concentration 
(e.g. Kibite and Evans [15] and Triboi et al., [16]. 
Assuming a constant N, harvest index (the 
proportion of above-ground N (AGN) at harvest 
in the grain; NHI), grain yield will be positively 
associated with AGN and/ or negatively 
associated with grain nitrogen content (GNC). 
Under low N supply, genetic gains in yield were 
positively associated with AGN and NHI and 
negatively associated with GNC [5,9,10]. 
Whereas under high N supply, genetic gains in 
yield were positively associated with AGN 
[5,9,10], positively [5,9] or neutrally [10] 
associated with NHI, and negatively [5,9] or 
neutrally [10] associated with GNC. Essentially, 
under both low and high N supply, wheat crops 
with higher NUE compared to current cultivars 
will require an increase in NUPE to raise AGN 
and/or an increase in NUTE. The latter may be 
achieved by raising NHI and/or lowering GNC. 
 
There have to date been relatively few attempts 
to use ‘direct selection’ breeding to improve NUE 
in wheat. CIMMYT in Mexico adopted a strategy 
to select for grain yield in medium-to-high fertility 
conditions, since at this fertility level both NUPE 
and NUTE contribute to the observed variation in 
NUE, resulting in lines which were more N-
efficient [5]. More recently, it has been suggested 
that this method of selection may not be as 
efficient as selecting lines under alternating high-
low N selection regimes commencing with high N 
in the F2 [17].   
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A selection criterion for a given trait should be of 
strong association with this trait and of high 
heritability. Therefore, the objectives of the 
present study were (i) to evaluate 
interrelationships among traits for determining 
the strongest ones with N-use efficiency in wheat 
parents and their F1 and F2 progenies and (2) to 
estimate heritability and expected genetic 
advance from selection for such criteria in order 
to identify those of strong correlation with NUE 
coupled with high heritability and high selection 
gain under low-N to be used as selection criteria 
for NUE. 

 
2. MATERIALS AND METHODS 
 
This study was carried out at Giza Research 
Station of the Agricultural Research 
Center(ARC), Giza Egypt (30° 02'N latitude and 
31° 13'E longitude with an altitude of 22.50 
meters above sea level), in 2005/2006 season 
and at Noubarya  Research Station of the ARC, 
Noubarya, Egypt (30° 66'N latitude and 30° 06' E 
longitude with an altitude of 15.00 meters above 
sea level), in 2006/2007, 2007/2008 and 
2008/2009 seasons. 
 
Six bread wheat genotypes (Triticum aestivum 
L.) were chosen for their divergence in nitrogen 
use efficiency to be used as parents of diallel 
crosses, based on previous field screening 
carried out by Wheat Res. Dept., Field Crops 
Res. Inst., ARC, Egypt. Three of them were 
promising breeding lines of high yield under low-
N (L25, L26 and L27) and three were 
commercial local cultivars of low yield under low-
N (Gemmeiza 7; Gem7, Gemmeiza 9; Gem9 
and Giza 168; Gz168).  
 
In season 2005/2006, a half diallel of crosses 
involving the six parents (without reciprocals) 
was done at Giza Agric. Res. Stat., Agric. Res. 
Center, to obtain the F1 seeds of 15 crosses. In 
summer 2006, a part of F1 seeds was sown in 
greenhouse of Wheat Res. Dept. under 
controlled conditions to obtain the F2 seeds. In 
season 2007/2008, the half diallel of crosses 
was again done to increase quantity of F1 seeds 
and in summer 2007 the F1seeds were again 
sown in the greenhouse under controlled 
conditions to obtain more seeds of 15 F2 
crosses. In the seasons 2007/2008, 2008/2009, 
parents (6), F1's (15) and F2's (15) were sown on 
17th of November each season in the field of 
Noubarya Res. Stat., under two levels of 
nitrogen fertilizer; the low level was without 
fertilization (LN) and the high level was 75 kg 

Nitrogen/ feddan (HN); this is the recommended 
level of Ministry of Agriculture. This level of 
nitrogen fertilizer (168 kg Urea/fed) was added in 
two equal doses, the first dose was added just 
before the sowing irrigation and the second dose 
just before the second irrigation (21 days after 
irrigation). In this experiment, a split plot design 
in lattice (6x6) arrangement was used with three 
replications. The two levels of nitrogen were 
allotted to the main plots and the genotypes to 
the sup plots. Each parent or F1 was sown in two 
rows and each F2 was sown in four rows; each 
row was three meter long; spaces between rows 
were 30 cm and 10 cm between plants, and the 
plot size was 1.8 m2 for parent or F1 and 3.6 m2 
for F2. All other agricultural practices were done 
according to the recommendation of Ministry of 
Agriculture for growing wheat in Noubarya 
region.   
 
Available soil nitrogen in 30 cm depth was 
analyzed immediately prior to sowing and N 
application at the laboratories of Water and 
Environment Unit, ARC, Egypt in the two 
seasons. Soil nitrogen was found to be 55 and 
57 kg N/ fed in the seasons 2007/2008, 
2008/2009, respectively. Available soil nitrogen 
after adding nitrogen fertilizer was therefore 55 
and 130 kg N/fed in the first season and 57 and 
132 kg N/fed in the second season for the two 
treatments, i.e. LN and HN, respectively. The 
available nitrogen to each plant (including soil 
and added N) was calculated for each 
environment to be 0.79, 1.85 g/plant in 
2007/2008 season and 0.81 and 1.89 kg/fed in 
2008/2009 season, with an average across the 
two seasons of 0.80 and 1.87 g/plant for the two 
environments LN and HN, respectively. The soil 
analysis of the experimental soil at Noubarya 
Research Station, as an average of  the two 
growing seasons, indicated that the soil is sandy 
loam (67.86% sand, 7.00% silt and 25.14% clay), 
the pH is 8.93, the EC is 0.55 dSm-1, the soluble 
cations in meq l-1 are Ca2+ (5.30), K+ (0.70), Na+ 
(0.31), Mg2+ (2.60) and the soluble anions in meq 
l-1 are CO3

2- (0.00), HCO3
-  (2.10), Cl-  (5.30)  and 

SO3
2- (1.51).  

 
A random sample of 10 plants of each genotype 
of parents and F1's and 30 plants of F2's was 
used to collect data for 14 traits: Days to 50% 
heading (DTH) as number of days from sowing 
date to the date at which 50% of main spike 
awns/ plot have completely emerged from the 
flag leaves, days to maturity (DTM) measured as 
number of days from sowing date to the date at 
which 50% of main peduncles/ plot have turned 
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to yellow color (physiological maturity), plant 
height (PH) measured as plant length from the 
soil surface to the tip of the spikes, excluding 
awns, number of spikes/plant (SPP) as number 
of fertile spikes per plant, number of grains/ spike 
(GPS), 100 grain weight (100 GW) measured as 
weight of 100 grains taken from each guarded 
plant, grain yield/ plant (GYPP) measured as 
weight of the grains of each individual plant, 
biological yield/ plant (BYPP) measured as 
weight of the grains and stem of each individual 
plant and harvest index (HI%) according formula:  
HI= 100 (GYPP/ BYPP). At physiological maturity 
stage, five random guarded plants were removed 
from each plot by cutting at the soil surface. The 
plants were bulked as one sample per plot. They 
were separated into straws (including leaves, 
stems and spike residues) and grains. Samples 
were oven dried at 70°C to a constant weight 
and each part was weighed separately. Samples 
were ground in powder and nitrogen of straws (N 
straw) and grains (Ng) was determined using 
Kjeldahl procedure according to A.O.A.C. [18].  
Total plant nitrogen (Nt) was calculated as 
follows: Nt = Ng+Nstraw. Data were collected for: 
nitrogen use efficiency (NUE) g/g= (GYPP / Ns), 
nitrogen uptake efficiency (NUPE)% =100 (Nt / 
Ns), nitrogen utilization efficiency (NUTE) (g/g)= 
(GYPP/Nt), nitrogen harvest index (NHI%)= 
100(Ng/ Nt), and grain protein content (GPC) 
measured as follows: GPC%= Ng x 5.70 
according to AACC [19], where GYPP is grain 
yield/ plant in gram, Nt is total nitrogen in the 
whole plant (grains and straw), Ns is available 
nitrogen in the soil for each plant, and Ng is grain 
nitrogen content. Nitrogen efficiency parameters 
were estimated according to Moll et al. [4].   
 
The analysis of variance (ANOVA) of the split 
plot design was performed on the basis of 
individual plot observation using the MIXED 
procedure of SAS ® [20]. Moreover, each 
environment (HN and LN) was analyzed 
separately as lattice design for the purpose of 
determining genetic parameters using 
Genestat10th addition windows software. Least 
significant differences (LSD) values were 
calculated to test the significance of differences 
between means according to Steel et al. [21]. 
Simple correlation coefficients were calculated 
between pairs of studied traits under stress and 
non-stress conditions in parents, F1 and F2 
generations according to Singh and Narayanan 
[22]. The genetic parameters and ratios were 
calculated according to methods developed by 
Jinks and Hayman [23], Jinks [24] and Hayman 
[25,26] and described by Sharma [27]. Narrow-

sense heritability (h2
n) in F1's was estimated 

using the following equation: h2
n = [1/4D / (1/4D + 

1/4H1– 1/4F + Ê]. Narrow-sense heritability (h2
n) 

in F2 was estimated using the following equation: 
h2

n = [1/4D / (1/4D + 1/16H1– 1/8F + Ê)], where Ê 
= expected environmental component of 
variance. D = variance due to additive effects of 
the genes. F = mean of the covariance of 
additive and dominance effects across all arrays. 
H1= variance component due to dominance 
deviation. The expected genetic advance (GA) 
from direct selection as a percentage of the 
mean (x) was calculated according to Singh and 
Narayanan [22] based on 1% selection intensity 
as follows: GA = 100[(k.h2

n δph)/x] Where: k = 
2.64 (selection differential for 1% selection 
intensity), and δph= square root of the dominator 
of the narrow sense heritability.  
 
3. RESULTS AND DISCUSSION 
 
3.1 Analysis of Variance  
 
Combined analysis of  variance across years (Y) 
of the split plot design in lattice (6x6) 
arrangement across 2008/2009 and 2009/2010 
seasons for the studied 36 wheat genotypes (6 
parents , 15 F1's and 15 F2's ) under two levels of  
nitrogen was performed (data not presented). 
Mean squares due to years were highly 
significant for nine studied traits, namely days to 
heading (DTH), plant height (PH), spikes/plant 
(SPP), grains/ spike (GPS), 100 grain weight 
(100 GW), grain yield/ plant (GYPP), biological 
yield/ plant (BYPP, nitrogen utilization efficiency 
(NUTE) and nitrogen harvest index (NHI), 
indicating significant effect of climatic conditions 
on most studied traits,  
 
Results also exhibit that mean squares due to 
nitrogen levels (N) were highly significant for all 
studied traits, indicating that the N level has an 
obvious effect on all studied traits of studied 
wheat genotypes. Mean squares due to 
genotypes (G) were highly significant for all 
studied traits, indicating that wheat genotypes 
used in this study were significantly (P≤ 0.01) 
different for all studied traits. Moreover, mean 
squares due to genotypes x nitrogen levels, i.e.  
G x N were significant (P ≤ 0.01 or 0.05) for all 
studied traits, indicating that genotypes ranks 
differently from one nitrogen level to another and 
that selection can be done under a specific soil 
nitrogen environment as proposed by Al-Naggar 
et al. [28-37]. The significant G×N interaction for 
NUE was also a good evidence for varying 
responses of these wheat genotypes at various 
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N levels [38,39]. The interactions G x Y and G x 
Y x N were also significant (P ≤ 0.01 or 0.05) for 
all studied traits, indicating that genotypes ranks 
differ from one combination of Y x N to another. 
 
Combined analysis of variance of a lattice design 
for all studied traits under each environment 
(high N and low N) across two seasons was also 
performed (data not presented). Mean squares 
due to genotypes, parents, F1's and F2's under 
the two levels of nitrogen were highly significant 
for all studied traits. Significant differences 
among parents of diallel crosses in all studied 
traits are pre-requisite for performing the diallel 
analysis for estimating the inheritance of studied 
traits under different N- application rates. Mean 
squares due to parents vs. F1's and F1's vs F2's 
were highly significant for all studied traits under 
the two levels of nitrogen, except for nitrogen 
uptake efficiency (NUPE) which were not 
significant for F1's vs F2's, indicating the 
presence of significant heterosis for all studied 
traits and the presence of inbreeding effects for 
most studied traits. Mean squares due to the 
interaction G x Y were highly significant for all 
studied traits under the two levels of nitrogen, 
except for NUPE and GPC under low N which 
were not significant. Mean squares due to the 
interaction P x Y under high level of nitrogen 
were significant or highly significant for 10 
studied traits and non significant for DTH, BYPP, 
NUE and GPC. Mean squares due to the 
interactions F1's x Y and F2's x Y under high-N 
were significant or highly significant for all 
studied traits, except NUPE for F1's x Y and 
100GW for F2's x Y, which were not significant. 
Mean squares due to the interactions F1's x Y 
and F2

's x Y were significant or highly significant 
for all studied traits under low N, except for 
100GW, GYPP, NUE, NUPE, NUTE and GPC for 
F1's x Y and NUE and NUPE for F2's x Y. Mean 
squares due to the interactions P's vs F1's x Y 
and F1's vs F2's x Y under the two levels of 
nitrogen were significant and highly significant for 
all studied traits, except GPC and NHI for F1's vs. 
F2's x Y and NHI for P's vs F1's x Y. The 
significance of the interactions P's vs F1's x Y 
and F1's vs F2's x Y indicates that heterosis and 
inbreeding effects differ from season to season in 
most studied traits. 
 
3.2 Mean Performance  
 
A comparative summary of means of all studied 
traits across all 36 genotypes (6 parents, 15 F1's 
and 15 F2's) subjected to two levels of nitrogen 
conditions and across two years is presented in 

Table (1). In general, low N caused a significant 
reduction in 7 out of 8 studied traits, namely 
GYPP, SPP, 100 GW, GPS and HI. Mean grain 
yield/plant (GYPP) was significantly decreased 
due to low-N by an average of 18.96, 21.17, and 
15.40% for parents, F1's and F2's, respectively. 
Reduction in grain yield of wheat due to low soil 
nitrogen was reported by several investigators. A 
positive relationship between N application levels 
and the grain yield has already been shown in 
many studies [39,40]. Significant reduction in 
grain yield as a result of low-N was associated 
with significant reductions in all yield components 
traits, i.e. SPP, 100GW and GPS. These 
reductions were relatively high in magnitude for 
number of spikes/ plant (SPP) for parents 
(23.65%), F1's (23.99%) and F2's (43.52%). This 
indicates that SPP is the most determining 
component of grain yield / plant of wheat under 
low-N stress. The importance of this trait 
(number of spikes or fertile tillers per plant) in 
wheat for grain productivity under abiotic stress 
conditions was previously reported by several 
investigators; e.g. Al-Naggar et al. [41]. Al-Bakry 
et al. [42] observed that increasing nitrogen 
application increased the number of fertile tillers 
per unit area. Geleto et al. [43] reported that 
grain yield is closely related to the number of 
spikes per unit area. Fertilized plots produced 
more spikes than control. Such response can be 
attributed to the adequate nitrogen availability 
which might facilitate the tillering ability of plants, 
resulting in a greater spike population. Ayoub et 
al. [44] also reported that spike population 
increased with increase in nitrogen level. 
 
Moreover, low nitrogen caused a significant 
reduction in biological yield / plant (BYPP) by 
12.49, 12.27 and 11.24%, grain protein content 
(GPC) by 25.06, 29.18, and 23.31%  and harvest 
index (HI) by 6.57, 8.97 and 3.69% for parents, 
F1's and F2's, respectively. It was observed that 
low- N caused slight but significant earliness of 
DTM by 3.13, 5.33 and 4.52% (4.17, 7.16 and 
6.07 days) and DTH by 0.70, 4.50 and 5.55 days 
for parents, F1's and F2

's, respectively.  
 
On the contrary, low–N caused increases in the 
averages of nitrogen use efficiency (NUE) by 
89.56, 97.60 and 84.28% for parents, F1's and 
F2's, respectively. Significant increase in NUE 
due to low- N stress was associated with 
significant increases in averages of NUPE and 
NUTE. In agreement with these results, Ortiz-
Monasterio et al. [5] also reported significant 
influence of N application rate on NUTE in which 
the highest efficiencies were measured at the 



 
 
 
 

Al-Naggar et al.; JAERI, 5(3): 1-15, 2016; Article no.JAERI.21917 
 
 

 
6 
 

lowest application rate. Sinebo et al. [45] also 
found similar results in which they reported 
NUTE values of 29.3- 43.9 and 31.8-48.3 kg kg-1 
N, respectively.   
 
In the present study, magnitude of increase in 
NUPE (65.87, 83.08 and 78.70%) was much 
higher than that in NUTE (14.39, 3.93 and 
20.21%) for parents, F1

's and F2
's, respectively. 

This indicates that NUPE is the most determinant 
component of NUE. Al-Naggar et al. [33-37] 
showed that N efficiency diminishes as N 
fertilizer rates increase. Gorny et al. [46] reported 
that NUPE, NUTE and NHI tended to increase 
under low-N. According to Le Gouis et al. [47], in 
wheat, Al-Naggar et al. [33,37] in maize and Al-

Naggar et al. [28,29] in grain sorghum , N uptake  
in biomass was the most important factor in NUE 
determination regardless of  N level. Abeledo et 
al. [48] reported that both N conversion and N 
capture have played a role in the improvement of 
NUE. On the contrary, Gaju et al. [49] found that 
NUPE effect explained only a small amount of 
phenotypic variance in NUE amongst cultivars, 
but NUTE affected it up to 61% and 77% under 
high –N low-N, respectively. The differences in 
results might be attributed to the different genetic 
background of genotypes used in different 
studies. In the present study, it is also observed 
that low- N stress caused a significant (but slight) 
increase in plant height of F1's (6.80%) and F2's 
(4.80%). 

 
Table 1. Means of studied wheat traits under low–N (0 Kg N/fed) and high–N (75 Kg N/fed) and 

relative reduction compared to high–N combined acro ss parents, F 1's and F 2's across two 
seasons 

 
Traits Parameter Parents F 1 crosses F 2 crosses 

High-N Low-N High-N Low-N High-N Low-N 
DTH Average 88.64 87.94 89.61 85.11 89.04 83.49 

Reduction% --- 0.78 --- 4.95** --- 6.13** 
DTM Average 132.33 128.17 133.33 126.17 132.76 126.69 

Reduction% --- 3.13* --- 5.33** --- 4.52** 
PH(cm) Average 82.74 81.21 89.54 83.96 102.95 99.05 

Reduction% --- 1.74 --- 6.22** --- 3.78** 
GPS Average 80.23 69.81 79.95 71.76 74.48 64.78 

Reduction% --- 13.47** --- 9.80** --- 12.47** 
100 GW(g) Average 4.66 4.05 4.33 3.84 3.37 2.61 

Reduction% --- 12.96** --- 10.51** --- 21.72** 
SPP Average 11.88 9.11 12.13 9.14 12.95 7.31 

Reduction% --- 18.96** --- 23.99** --- 43.52** 
GYPP(g) Average 27.53 22.41 29.12 22.83 25.65 21.54 

Reduction% --- 18.96** ---- 21.17** --- 15.40** 
BYPP(g) Average 63.14 54.98 64.87 56.78 59.29 52.59 

Reduction% --- 12.94** --- 12.27** --- 11.24** 
HI (%) Average 43.67 40.73 45.11 40.51 43.50 41.37 

Reduction% ---- 6.57** --- 8.97** --- 3.96 
NUE(g/g) Average 14.72 28.03 15.57 28.53 13.72 26.91 

Reduction% ---- -.89.56** ---- -97.60** ---- -84.28** 
NUPE (%) Average 16.00 26.87 16.14 29.43 17.13 29.97 

Reduction% ----- -65.87** ----- -83.08** --- -78.70** 
NUTE 
(g/g) 

Average 0.94 1.07 0.98 1.00 0.84 0.98 
Reduction% ---- -14.39** ---- -3.93 --- -20.21** 

GPC (%) Average 14.35 11.33 14.61 12.64 14.86 12.91 
Reduction% ------ 21.3** ------- 14.71** ------ 13.12** 

NHI (%) Average 56.10 55.94 56.21 58.08 56.75 57.73 
Reduction% ----- 0.28 ----- -3.33 ------ -1.73 

N= nitrogen, * and** indicate significance at 0.05 and 0.01 probability levels, respectively reduction% 
= 100 [(HN-LN)/HN] 
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3.3 Interrelationships 
 
Estimates of simple correlation coefficients 
between each of grain yield /plant (GYPP), 
nitrogen uptake efficiency (NUPE) and nitrogen 
utilization efficiency (NUTE) and other studied 
traits across the two seasons under high-N and 
low-N were calculated across all parents, F1's 
and F2's and presented in Table (2). Grain yield/ 
plant showed perfect positive association with 
NUE (r=1.00) under both high-N and low-N for all 
groups of genotypes, i.e., parents, F1's and F2's, 
that is why the estimates of correlation 
coefficients between GYPP and other traits are 
very close to those between NUE and the same 
traits. 
 
The strongest correlations (r ≤ 0.90) was 
observed between grain protein content (GPC) 
which is an expression of grain nitrogen content 
(Ng) and each of NUPE and NUE (GYPP) for all 
genotypes under both environments, i.e. high-N 
and low-N. 
 
Concerning the components of grain yield, 
significant and high-in-magnitude correlations 
were observed between GYPP and each of GPC 
(Ng) (0.92), HI (0.82), GPS (0.71),100GW (0.63) 
and SPP (0.43) across parents, NUPE (0.80), HI 
(0.67) and NUTE (0.62) across F1s and HI (0.82) 
and SPP (0.32) across F2's under high-N and 
GPS (0.86), GPC (0.95) HI (0.55), SPP (0.57) 
and 100GW (0.36) across parents, GPS (0.60), 
BYPP (0.74), HI (0.71), GPC (0.44) and SPP 
(0.36) across F1s and SPP (0.29), GPS (0.24), 
NUPE (0.39), HI (0.55) and BYPP (0.38) across 
F'2s under low-N conditions. These results 
indicate the importance of SPP, GPS, GPC and 
NUPE for getting high grain yield / plant under 
both high and low N conditions. Sinclair and 
Jamieson [50] reported that, it is logical that the 
number of grains produced is not only important 
for determining the yield, but is also related to the 
NUE. However, the results imply that breeding 
efforts improving yield by increasing the number 
of grains should also result in higher NUE as well 
according to Moll et al. [5].  
 
The results indicate also that under low-N, it is 
possible to obtain wheat genotypes (parents, F'1s 
and F'2s) that have high grain yield of high grain 
protein contents. This conclusion was previously 
reported by some investigators. A further 
improvement of grain protein content under N-
limited conditions without substantial depressions 
in yielding capacity seems to be possible in 
bread wheat as suggested by Laperche et al. 

[51]. In other studies, Ayoub et al. [44] and Ortiz-
Monasterio et al. [5] reported negative 
associations of grain yield with protein content. 
Sinebo et al. [45] found significant negative 
correlations of NUTE with grain protein content. 
 
Concerning the components of NUE of parents, 
results (Table 2) showed that NUE had positive 
and significant correlations with NUPE (0.83 and 
0,88) and negative and significant correlation 
coefficients with NUTE ( -0.62 and -0.46 ) under 
low-N and high-N, respectively. So, parents data 
indicate that NUE is based mainly on NUPE, 
especially under low-N. Data of F1's showed that 
NUE is depending only on NUTE under high-N 
(r=0.61) and on NUPE under low-N (0.75), 
suggesting that NUE of F1 hybrids depends more 
on NUPE under high-N and NUTE under low-N. 
Regarding F2 populations, data showed that NUE 
had significant and positive, but low-in-magnitude 
correlations with NUPE under low-N (r=0.39) and 
high–N (r=0.24) and not correlated with NUTE. 
This indicates that F2 hybrids express their NUE 
due to NUTE under both low and high N 
conditions, with higher degree under low-N. 
 
In general, across all genotypes, NUE depends 
mainly on NUPE, except F1's under high-N which 
depends on NUTE. Thus under low-N, NUE 
increases by increase of NUPE for parents, F1's 
and F2's. The same conclusion was valid under 
high-N, for parents and F2's, but for F1's, NUE 
increases by increasing NUTE. Numerous 
studies indicated that NUPE accounts for more of 
the genetic variation in NUE at low N than at high 
N supply, e.g. amongst 10 spring wheat cultivars 
in Mexico [5] and 20 winter wheat cultivars in 
France [47].  Moreover, Dhugga and Waines [52] 
comparing 12 spring wheats in California, found 
that NUPE was the most important component of 
NUE at all N levels. Genetic gains in NUE with 
breeding under low N supply have been related 
mainly to improvements in NUPE in spring wheat 
in Mexico [5] and Finland [8] and to NUTE in 
winter wheat in France [9] and the UK [10]. 
 
In general, grain yield or nitrogen use efficiency 
(NUE) were significantly correlated with nitrogen 
uptake efficiency (NUPE) in most cases; this 
correlation was more pronounced in parents 
(0.88 and 0.83) than in F1 crosses (0.80 and 
0.75) and F2 crosses (0.24 and 0.39) under high-
N and low-N, respectively. Harvest index (HI) 
showed significant and positive correlation 
coefficients in most cases with GYPP and NUE 
for parents, F1's and F2's of medium to high 
magnitude under low-N and high-N.  
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Since NUPE and HI showed strong correlations 
with NUE or GYPP in this study and nitrogen 
translocation efficiency (NTRE) (grain N/total 
plant N) proved be strongly correlated with HI in 
other studies [33], grain yield or NUE of parents, 

F1's and F2's in the present study could therefore 
be considered of strong association with N-
uptake and N-translocation efficiencies. Similar 
conclusion was reported by Al Naggar et al. [35-
37] in maize and Gorny et al. [46] in wheat.  

 
Table 2. Correlation coefficients among studied tra its across parents, F 1's  and F 2's under high 

and low-N  
 

Genotype  High N  Low N  
GYPP NUPE NUTE GYPP NUPE NUTE  

Parents  
DTH 0.71** 0.96** -0.93** 0.51** 0.15 0.66** 
DTM 0.14 0.10 -0.05 -0.21 -0.33* 0.12 
PH 0.23 0.22 -0.25 -0.75** -0.48** -0.60** 
SPP 0.43** 0.79** -0.97** 0.57** 0.82** -0.22 
GPS 0.71** 0.85** -0.73** 0.86** 0.91** 0.16 
100GW 0.63** 0.84** -0.79** 0.36* 0.28* 0.21 
GYPP --- 0.88** -0.45** --- 0.83** 0.54** 
BYPP 0.07 0.85** -0.73** 0.38* 0.40** 0.50** 
HI% 0.82** 0.11 0.27 0.55** 0.58** 0.17 
NUE 1.00** 0.88** -0.46** 1.00** 0.83** 0.54** 
NUPE 0.88** ---- -0.82** 0.83** --- -0.02 
NUTE -0.45** -0.82** --- 0.54** -0.02 --- 
GPC 0.92** 0.99** -.0.76** 0.95** 0.99** 0.40* 
NHI 0.32 -0.11 0.58** -0.47** -0.41* 0.55** 
F1 crosses  
DTH 0.12 -0.17 0.21* 0.70** 0.57** 0.50** 
DTM 0.18 0.18 0.35** 0.69** 0.60** 0.48** 
PH 0.05 0.16 -0.05 0.52** 0.45** 0.57** 
SPP 0.35** 0.61** -0.46** 0.36** 0.44** -0.45** 
GPS 0.30** 0.07 0.17 0.60** 0.28* 0.06 
100GW 0.14 0.41** -0.24* -0.22* -0.07 -0.64** 
GYPP -- 0.08 0.62** ---- 0.75** 0.06 
BYPP 0.42** 0.76** -0.30** 0.74** 0.69** -0.11 
HI% 0.67** -0.53** 0.86** 0.71** 0.43** 0.51** 
NUE 1.00** 0.08 0.61** 1.00** 0.75** 0.06 
NUPE 0.80** ---- -0.73** 0.75** ---- -0.36** 
NUTE 0.62** -0.73** --- 0.36** -0.36** --- 
GPC 0.41* 0.37* -0.77** 0.44** 0.84** -0.56** 
NHI -0.37* -0.61 0.23 -0.68** -0.50** 0.10 
F2 crosses  
DTH -0.33** -0.55** 0.40** 0.20 0.23* 0.14 
DTM -0.11 -0.62** 0.56** 0.41** 0.49** -0.20 
PH 0.39** 0.29** -0.08 -0.05 -0.15 0.14 
SPP 0.32** 0.47** -0.48** 0.29** 0.34** -0.10 
GPS -0.04 0.56** -0.54** 0.24* 0.43** -0.07 
100GW 0.15 0.43** -0.39** 0.18 0.50** -0.57** 
GYPP --- 0.24* 0.11 ---- 0.39** -0.08 
BYPP 0.24* 0.59** -0.57** 0.38** 0.39** -0.19 
HI% 0.82** -0.12 0.41** 0.55** -0.05 0.16 
NUE 1.00** 0.24* 0.11 1.00** 0.39** 0.39** 
NUPE 0.11 --- -0.91** 0.39** --- -0.81** 
NUTE -0.91** -0.91** --- -0.08 -0.81** ---- 
GPC 0.27* 0.36* -0.24 0.26* 0.89** -0.69** 
NHI -0.11 -0.60** 0.61** 0.02 0.89** 0.31** 

* and** indicate significant at 0.05 and 0.01 probability levels, respectively 
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It is observed that a negative and significant 
correlation existed between NUPE and NUTE for 
parents under high-N (-0.82), F1's under high-N    
(-0.73) and low-N (-0.36) and F2's under high-N (-
0.91) and low-N (-0.81). This observation was 
reported by many previous investigators (e.g. 
Gorny et al., [46]). The two processes (N-uptake 
and N-utilization) appear to be governed by 
different genetic factors [53-55]. For instance 
results of extensive molecular studies, on wheat 
and maize [51,56-58] revealed that different sets 
of genes (QTL regions) controlled various 
components of the two major measures of  N 
efficiency, and that expression of the genes (loci) 
was considerably dependent upon soil N status. 
Hence, the appearance of the above mentioned 
negative relationship between NUPE and NUTE 
in the examined hybrids and their parents may 
be a genetic quandary. Most of modern parents 
of wheat were developed under enhanced N 
fertilization with strong selection for yielding 
capacity and grain quality. Thus, such a strategy 
may have favored high-yielding genotypes with 
increased NUTE, but not those with a high 
NUPE. This implies that the proposal of Martre et 
al. [59] to search for genotypes able to 
translocation of larger amounts of N grains 
without reducing plant biomass and 
photosynthetic capacity under N shortage has 
become particularly challenging for wheat 
breeders'. 
 
4. HERITABILITY 
 
4. 1 In F1 Generation 
 
Broad-sense heritability (h2

b) in F1's for all 
studied traits  (except GPC) in this experiment 
was of high magnitude and ranged from 61.7% 
(SPP) to 99.9% (GPS) under high-N and from 
41.0% (NHI) to 100.0% (GPS) under low-N 
environments (Table 3), indicating that 
environment had a small effect on the phenotype 
of F1's for most studied traits. Grain protein 
content (GPC) trait showed very small h2

b value 
under both high and low N environments (8.52 
and 20.00%, respectively), indicating a large 
effect of environment on this trait.  
 
Narrow-sense heritability (h2

n) in F1's (Table 3) 
was generally of medium magnitude and ranged 
from 8.50% (NUTE) to 56.89% (GPS) under 
high-N and from 9.00% (NHI) to 73.55% (GPS) 
under low-N. It is observed that GPC trait 
recorded 0.0% h2

n under both high- and low- N; 
the reason may be because its D value was 
negative; that is why we considered it zero. 

The big difference between broad- and narrow- 
sense heritability estimated from F1's in this 
experiment could be attributed to the high 
estimates of dominance as compared to additive 
component. It is observed that narrow-sense 
heritability (h2

n) in F1's of the present study was 
generally higher in magnitude under low-N than 
under high-N for all studied traits, except for plant 
height. This increase in h2

n under low-N 
compared to high-N was more pronounced in 
SPP, GPS, GYPP and NUE traits; i.e. the most 
important components of grain yield and 
consequently nitrogen use efficiency in wheat. 
 
Expected genetic advance (GA) from selection 
(based on 1% selection intensity) across two 
years for F1's ranged from 0.12% for NHI to 
23.9% for HI under high-N and from 1.02% for 
NHI to 23.26% for GPS under low-N. In general, 
the values of GA were higher under low-N than 
under high-N (for 11 out of 14 studied traits). The 
traits SPP, GPS, GYPP, BYPP, NUE and NUPE 
showed much higher estimates of GA ( 23.25, 
23.26, 19.70, 10.44, 19.62 and 22.43%, 
respectively) under low-N than those under high-
N (2.50, 15.87, 5.11, 5.44, 9.44 and 11.25%, 
respectively).  

 
4. 2 In F2 Generation 
 
Broad-sense heritability (h2

b) in F2's for all 
studied traits (except GPC under both 
environments and NHI under low N) in this 
experiment was of high magnitude and ranged 
from 40.12% (SPP) to 100.00% (GPS) under 
high-N and from 63.71% (100 GW) to 100.00% 
(GPS) under low-N environments (Table 4), 
indicating that environment had a small effect on 
the phenotype of F2's for most studied traits. In 
F2 generation, grain protein content (GPC) under 
both high and low N environments (13.00 and 
20.00%, respectively) and NHI trait under low-N 
(14.30%) showed very small h2

b value, indicating 
a large effect of environment on these traits.  
 
Narrow-sense heritability (h2

n) in F2's (Table 4) 
was generally of low to high magnitude and 
ranged from 2.11% (NHI) to 82.90% (GPS) under 
high-N and from 6.80% (NHI) to 93.00% (GPS) 
under low-N. It is observed that in F2's, GPC trait 
recorded 0.0% h2

n under both high- and low- N; 
the reason may be because its D value was 
negative; that is why we considered it zero. The 
big difference between broad- and narrow- sense 
heritability estimated from F2's in this experiment 
could be attributed to the high estimates of 
dominance as compared to additive component.  
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Table 3. Estimates of heritability in broad (h 2
b) and narrow (h 2

n) sense and genetic advance 
from selection (GA) for studied traits under high a nd low-N in F 1 populations of 15 diallel 

crosses across two seasons 
 

Parameter  DTH DTM PH SPP GPS 100GW GYPP 
   High N      
h2

b% 91.15 85.88 94.50 61.70 99.90 81.00 91.27 
h2

n% 28.80 15.85 39.71 9.20 56.89 21.40 20.41 
GA% 2.13 0.80 4.66 2.50 15.87 9.24 5.11 
   Low N      
h2

b% 80.27 87.78 96.00 54.42 100.00 57.50 91.00 
h2

n% 42.52 21.80 33.11 66.32 73.55 27.43 67.14 
GA% 2.27 1.30 4.38 23.25 23.26 9.90 19.70 
Parameter  BYPP HI NUE NUPE NUTE GPC NHI 
   High N      
h2

b% 96.32 87.30 91.20 96.00 96.60 8.52 63.85 
h2

n% 29.10 9.60 39.50 40.70 8.50 0.00 1.90 
GA% 5.54 23.90 9.44 11.25 4.00 0.00 0.12 
   Low N      
h2

b% 97.88 93.50 90.75 96.60 87.30 20.00 41.00 
h2

n% 40.20 15.87 66.90 46.36 11.11 0.00 9.00 
GA% 10.44 5.42 19.62 22.43 5.63 -5.70 1.02 

 
Table 4. Estimates of heritability in broad (h 2

b) and narrow (h 2
n) sense and genetic advance 

from selection (GA) for studied traits under high a nd low-N in F 2 populations of 15 diallel 
crosses across two seasons 

 
Variance 
components 

DTH DTM PH SPP GPS 100GW GYPP 

   High -N     
h2

b% 74.40 61.00 97.41 40.12 100.00 65.83 81.76 
h2

n% 56.00 46.75 16.45 16.10 82.90 30.60 42.70 
GA% 3.00 1.40 2.60 3.20 20.40 12.80 7.70 
   Low -N     
h2

b% 82.59 76.59 98.40 70.00 100.00 63.71 88.65 
h2

n% 79.10 37.80 17.72 43.76 93.00 25.56 85.10 
GA% 5.38 1.70 3.20 22.00 28.12 12.31 23.14 
Variance 
components 

BYPP HI NUE NUPE NUTE GPC NHI 

   High -N     
h2

b% 90.37 82.00 81.64 95.03 91.83 20.00 59.53 
h2

n% 65.40 19.30 42.64 33.37 20.41 0.00 2.11 
GA% 7.00 3.60 7.70 9.52 6.80 0.00 0.12 
   Low -N     
h2

b% 96.00 78.20 88.60 88.10 67.57 13.00 14.30 
h2

n% 55.44 33.38 85.00 72.80 27.00 0.00 6.80 
GA% 13.00 7.50 23.10 27.43 6.80 0.00 6.70 

 
It is observed that narrow-sense heritability (h2

n) 
in F2's of the present study was generally higher 
in magnitude under low-N than under high-N for 
all studied traits, except for DTM, 100 GW and 
BYPP. This increase in h2

n under low-N 
compared to high-N was more pronounced in 
SPP, GPS, GYPP, NUE and NUPE traits; i.e. the 
most important components of grain yield and 
nitrogen use efficiency in wheat. 

Our results of heritability in F1's  and F2's are in 
agreement with some researchers, e.g. Shabana 
et al. [60] , Blum [61,62] and Al-Naggar et al. [28-
37], who support the idea that heritability is 
higher under stressed than non-stressed 
environment. On the contrary, other investigators 
reported that heritability is higher under good 
(non-stressed) environment [63-65]. 
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Expected genetic advance (GA) from selection 
(based on 1% selection intensity) across two 
years ranged from 0.12% for NHI to 20.40% for 
GPS under high-N and from 1.70% for DTM to 
28.12% for GPS under low-N (Table 4). In 
general, the values of GA were higher under low-
N than under high-N (for 12 out of 14 studied 
traits). The traits SPP, GPS, GYPP, BYPP, NUE, 
NUPE and NHI showed much higher estimates 
of GA (22.00, 28.12, 23.14,13.00, 23.10, 27.43 
and 6.70 %, respectively) under low-N than those 
under high-N (3.20, 20.40, 7.70, 7.00, 7.70, 9.52  
and 0.12%, respectively).  
 
These results in F1 and F2 generations indicated 
that to improve grain yield and nitrogen use 
efficiency traits in the present germplasm, it is 
better to practice selection for these traits under 
low-N conditions to obtain higher values of 
selection gain. 

 
5. ALTERNATIVE SCREENING CRITERIA 

FOR NUE 
 
The selection criterion for a given abiotic stress 
tolerance character, such as low-N tolerance, 
should be of strong association with tolerance to 
low-N, i.e. with nitrogen use efficiency and of 
high heritability in narrow-sense under low-N 
conditions. The results in Tables (2, 3 and 4) 
concluded  that NUPE, GYPP, GPS, and SPP of 
parents, NUPE, GYPP, BYPP, DTH and GPS of 
F1's and NUPE, HI, BYPP, SPP and GPS of F2's 
had strong associations with high nitrogen use 
efficiency.  
 
The importance of number of spikes (fertile tillers 
per plant) in wheat for grain productivity under 
abiotic stress conditions was previously reported 
by several investigators [41]. CIMMYT breeders 
found that maize grain yield under low-N was 
closely related to some secondary traits such as 
improved N-uptake efficiency, high plant nitrate 
content, high-specific leaf-N content and late leaf 
senescence [3,65]. These results for NUPE and 
SPP are in consistency with those reported by 
Al-Naggar et al. [30,31,33-37]. 
 
Numerous studies indicated that NUPE accounts 
for more of the genetic variation in NUE at low N 
than at high N supply, e.g. amongst 10 spring 
wheat cultivars in Mexico [5] and 20 winter wheat 
cultivars in France [47]. Moreover Dhugga and 
Waines [52] comparing 12 spring wheats in 
California, found that NUPE was the most 
important component of NUE at all N levels. 
Genetic gains in NUE with breeding under low N 

supply have been related mainly to 
improvements in NUPE in spring wheat in 
Mexico [5] and Finland [8], but to NUTE in winter 
wheat in France [9] and the UK [10]. Differences 
in results could be attributed to genotypes used 
in different studies; that might differ in genes 
controlling NUPE and genes controlling NUTE. 
 
Harvest index (HI) and nitrogen harvest index 
(NHI) provide a means for determining the 
allocation of important nutrients within the plant 
tissues to grain during reproductive growth. 
Since NUPE and HI showed strong correlations 
with NUE or GYPP in this study and nitrogen 
translocation efficiency (NTRE) (grain N/total 
plant N) proved be strongly correlated with HI in 
other studies [33] , grain yield or NUE of parents, 
F1's and F2's in the present study could therefore 
be considered of strong association with N-
uptake and N-translocation efficiencies. Similar 
conclusion was reported by Al-Naggar et al. [33] 
in maize and Gorny et al. [46] in wheat.  
 
In the present study, a negative and significant 
correlation existed between NUPE and NUTE for 
parents under high-N (-0.82), F1's under high-N        
(-0.73) and low-N (-0.36) and F2's under high-N   
(-0.91) and low-N (-0.81). Both processes, N 
uptake and N-utilization, appear to be governed 
by different genetic factors [53-55]. For instance 
results of extensive molecular studies , on wheat 
and maize [51,56-58] revealed that different sets 
of genes (QTL regions) controlled various 
components of the two major measures of  N 
efficiency, and that expression of the genes (loci) 
was considerably dependent upon soil N status. 
Hence, the appearance of the above mentioned 
negative relationship between NUPE and NUTE 
in the examined hybrids and their parents may 
be a genetic quandary. Most of modern parents 
of wheat were developed under enhanced N 
fertilization with strong selection for yielding 
capacity and grain quality. Thus, such a strategy 
may have favored high-yielding genotypes with 
increased NUTE, but not those with a high 
NUPE. This implies that the proposal of Martre et 
al. [59] to search for genotypes able to 
translocation of larger amounts of N grains 
without reducing plant biomass and 
photosynthetic capacity under N shortage has 
become particularly challenging for wheat 
breeders.  
 
Selection based on improved performance under 
low N based on NUE alone has often been 
considered efficient, but the use of secondary 
traits can increase selection efficiency [33]. Plant 
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breeders have advocated the judicious 
incorporation of secondary traits within breeding 
programs [61,62]. Results of the present study 
suggest that to maximize the genetic gain from 
selection, for improving NUE in wheat and 
consequently, grain yield under low-N, future 
research should focus on the incorporation of 
secondary traits such as NUPE, GYPP, SPP and 
GPS   in the selection programs along with NUE 
trait. 
 
6. CONCLUSION 
 
The results of this study indicated that GYPP, 
GPS, SPP and NUPE of parents, GYPP, NUPE, 
BYPP, DTH and GPS of F1's and HI, NUPE, 
BYPP, SPP and GPS of F2's are considered 
selection criteria for high nitrogen use efficiency 
(NUE). Nitrogen uptake efficiency (NUPE) is a 
common selection criterion for NUE in all studied 
genotypes, i.e. parents, F1's and F2's. 
Grains/spike (GPS) as a selection criterion for 
grain yield/plant (GYPP) is also selection 
criterion for NUE, since GYPP is perfectly 
correlated with NUE. Moreover, spikes/plant 
(SPP) is strongly correlated with both GYPP and 
NUE in parents and F2's. All these selection 
criteria (NUPE, GYPP, SPP and GPS) have high 
heritability in narrow sense and could be offered 
to wheat breeders for use in selection programs 
for getting high selection gain when improving 
nitrogen use efficiency. Results suggest that 
future research should focus on the incorporation 
of such secondary traits (NUPE, GYPP, SPP and 
GPS) in the selection programs along with NUE 
trait in order to maximize the genetic gain from 
selection for improving wheat NUE.  
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Banziger M, Diallo AO. Progress in 

developing drought and N stress tolerant 
maize cultivars for Eastern and Southern 
Africa. Proceeding of the 7th Eastern and 
Southern Africa regional maize 
conference, Nairobi, Kenya. 2001;189-194. 

2. Banziger M, Edmeades GO, Lafitte HR. 
Physiological mechanisms contributing to 
the increased N stress tolerance of tropical 
maize selected for drought tolerance. Field 
Crops Res. 2002;75:223-233. 

3. Lafitte HR, Edmeades GO. Improvement 
for tolerance to low soil nitrogen in tropical 
maize. I. Selection criteria. Field Crops 
Res. 1994;39:114. 

4. Moll RH, Kamprath EJ, Jackson WA. 
Analysis and interpretation of factors which 
contribute to efficiency to nitrogen 
utilization. Agron. J. 1982;75:562–564.  

5. Ortiz Monasterio JI, Sayre KD, Rajaram S, 
Mc Mahom M. Genetic progress in wheat 
yield and nitrogen use efficiency under four 
nitrogen rates. Crop Sci. 1997;37:898–904. 

6. Le Gouis J, Beghin D, Heumez E, 
Pluchard P. Genetic differences for 
nitrogen uptake and nitrogen utilization 
efficiencies in winter wheat. Eur. J. Agron. 
2000;12:163–173. 

7. Dhugga KS, Waines JG. Analysis of 
nitrogen accumulation and use in bread 
and durum wheat. Crop Sci. 1989;29: 
1232–1239. 

8. Muurinen S, Slafer GA, Peltonen Sainio P. 
Breeding effects on nitrogen use efficiency 
of spring cereals under northern 
conditions. Crop Sci. 2006;46:561–568. 

9. Brancourt Hulmel M, Doussinault G, 
Lecomte C, Berard P, Le Buanec B, Trottet 
M. Genetic improvement of agronomic 
traits of winter wheat cultivars released in 
France from 1946 to 1992. Crop Sci. 2003; 
43:37–45.  

10. Foulkes MJ, Sylvester Bradley R, Scott 
RK. Evidence for differences between 
winter wheat cultivars in acquisition of soil 
mineral nitrogen and uptake and utilization 
of applied fertiliser nitrogen. J. Agric. Sci. 
(Camb.) 1998;130:29–44.  

11. Fischer RA, Wall PC. Wheat breeding in 
Mexico and yield increases. J. Aust. Inst. 
Agric. Sci. 1976;42:139–148. 

12. Calderini DF, Dreccer MF, Slafer GA. 
Genetic improvement in wheat yield and 
associated traits: A re-examination of 
previous trends and latest trends. Plant 
Breed. 1995;114:108–112. 

13. Paccaud FX, Fossanti A, Cao HS. 
Breeding for quality and yield in winter 
wheat: Consequences for nitrogen uptake 
and nitrogen partitioning efficiency. Z. 
Pflanzenzucht. 1985;94:89–100. 

14. Feil B. Breeding progress in small grain 
cereals, a comparison of old and modern 
cultivars. Plant Breed. 1992;108:1–11. 

15. Kibite S, Evans LE. Causes of negative 
correlations between grain yield and grain 



 
 
 
 

Al-Naggar et al.; JAERI, 5(3): 1-15, 2016; Article no.JAERI.21917 
 
 

 
13 

 

protein concentration in common wheat. 
Euphytica. 1984;33:801–810. 

16. Triboi E, Martre P, Girousse C, Ravel C, 
Triboi Blondel AM. Unravelling 
environmental and genetic relationships 
between grain yield and nitrogen 
concentration for wheat. Eur. J. Agron. 
2006;25:108–118. 

17. Van Ginkel M, Ortiz Monasterio I, 
Trethowan R, Hernandez E. Methodology 
for selecting segregating populations for 
improved nitrogen use efficiency in bread 
wheat. Euphytica. 2001;119:223–230.  

18. AOAC. Official methods of association of 
analytical chemists. 15th ed. Washington 
D.C, USA. 1990;290. 

19. AACC. American Association Cereal 
Chemists. Approved methods of the 
american association cereal chemists. 
American Association of Cereal Chemists, 
Inc, St. Paul, Minnesota; 2000. 

20. Littell RC, Milliken GA, Stroup WW, 
Wolfinger RD. SAS system for mixed 
models. SAS Inst, Cary, NC; 1996. 

21. Steel RGD, Torrie JH, Dickey D. Principles 
and procedure of statistics. A Biometrical 
approach 3rd Ed. McGraw Hill Book Co. 
Inc, New York. 1997;352-358. 

22. Singh P, Narayanan SS. Biometrical 
techniques in plant breeding. Kalayani 
Publishers, New Delhi, India; 2000. 

23. Jinks JL, Hayman I. The analysis of diallel 
crosses. Maize Genetics Cooperation 
Newsletter. 1953;27:48-54. 

24. Jinks JL. The analyses of continuous 
variation in diallel cross of Nicotiana 
rustica varieties. Genetics. 1954;39:767-
88. 

25. Hayman BL. The theory and analysis           
of diallel crosses. Genetics. 1954a;39:     
789-809.  

26. Hayman BL. The analysis of variance of 
diallel tables. Biometrics. 1954b;10:      
235-244. 

27. Sharma RJ. Statistical and biometrical 
techniques in plant breeding. New Delhi. 
Second Edition. 2003;432. 

28. Al Naggar AMM, El Kadi DA, Abo Zaid 
Zeinab SA. Genetic parameters of grain 
sorghum traits contributing to low – N 
tolerance. Egypt. J. Plant Breed. 2006; 
10(2):79-102. 

29. Al Naggar AMM, El Kadi DA, Abo Zaid 
Zeinab SA. Inheritance of nitrogen use 
efficiency traits in grain sorghum under 

low- and high-N. Egypt. J. Plant Breed. 
2007;11(3):181-206. 

30. Al-Naggar AMM, Shabana R, Mahmoud 
AA, Shaboon SAM. Genetic improvement 
of maize for low-soil nitrogen tolerance via 
S1 recurrent selection. Egypt. J. Plant 
Breed. 2008;12(2):255-277. 

31. Al Naggar AMM, Atta MMM, Amein MM. 
Maize genotypic differences in nitrogen 
use efficiency under low soil-N conditions. 
Egypt. J. of Appl. Sci. 2009;24(3B):      
528-546. 

32. Al Naggar AMM, Shabana R, Al Khalil T H. 
Tolerance of 28 maize hybrids and 
populations to low-nitrogen. Egypt. J. Plant 
Breed. 2010;14(2):103-114. 

33. Al Naggar AMM, Shabana R, Al Khalil TH. 
Alternative screening criteria for selecting 
nitrogen use efficient genotypes of maize. 
Egypt. J. Plant Breed. 2011;15(1):27-40.  

34. Al Naggar AMM, Shabana R, Atta MMM, 
Al Khalil TH. Genetic parameters 
controlling some maize adaptive traits to 
elevated plant densities combined with 
reduced N-rates. World Research Journal 
of Agronomy. 2014;3(2):70-82. 

35. Al Naggar AMM, Shabana R, Atta MMM, 
Al Khalil TH. Matching the optimum plant 
density and adequate N-rate with high-
density Tolerant genotype for maxmizing 
maize (Zea mays L.) crop yield. Journal of 
Agriculture and Ecology Research. 2015a; 
2(4):237-253. 

36. Al Naggar AMM, Shabana R, Atta MMM, 
Al Khalil TH. Maize response to elevated 
plant density combined with lowered N-
fertilizer rate is genotype-dependent. The 
Crop Journal. 2015b;(3):96-109. 

37. Al Naggar AMM, Shabana R, Atta MMM, 
Al Khalil TH. Response of genetic 
parameters of low-N tolerance adaptive 
traits to decreasing soil-N rate in maize 
(Zea mays L.). Applied Science Reports. 
2015c;9(2):110-122. 

38. Earl CD, Ausubel FM. The genetic 
engineering of nitrogen fixation. Nutritional 
Review. 1983;41:1-6.  

39. Austin RB, Bingham J, Blackwell RD, 
Evans LT, Ford MA, Morgan CL, Taylor M. 
Genetic improvements in winter wheat 
yields since 1900 and associated 
physiological changes. Journal of 
Agricultural Science. 1980;94:675-689. 

40. Desai RM, Bahatia CR. Nitrogen uptake 
and nitrogen harvest index in durum wheat 



 
 
 
 

Al-Naggar et al.; JAERI, 5(3): 1-15, 2016; Article no.JAERI.21917 
 
 

 
14 

 

cultivars varying in their grain protein 
concentration. Euphytica. 1978;27:       
561-566. 

41. Al Naggar AMM, Atta MMM, Sobieh SES 
Al Azab KHF. Predicted genetic 
parameters from F1 and F2 diallel analyses 
and actual progress from selection for 
drought tolerance in wheat. Egypt. J. Plant 
Breed. 2013;17(4):33–58.  

42. Al Bakry MRI, Al Naggar AMM, Moustafa 
HAM. Improvement of grain yield of a 
glaucous wheat mutant line via 
backcrossing.  Egypt. J. Plant Breed. 2008; 
12(2):123-131. 

43. Geleto T, Tanner DG, Mamo T, Gebeyehu 
G. Response of rain fed bread and durum 
wheat to source level and timing of 
nitrogen fertilizer on two Ethiopian vertisole 
S. I. yield and yield components. Comm.  
in Soil Sci. and Plant Analysis. 1995;26: 
1773-1794.  

44. Ayoub M, Guertin S, Smith DL. Nitrogen 
fertilizer rate and timing effect on bread 
wheat protein in eastern Canada. Crop Sci. 
1995;174:337-349. 

45. Sinebo W, Gretzmacher R, Edelbauer A. 
Genotypic variation for nitrogen use 
efficiency in Ethiopian barley. Field Crops 
Res. 2003;85:43–60.  

46. Gorny AG, Banaszak Z, Lugowska B, 
Ratajczak D. Inheritance of the efficiency 
of nitrogen uptake and utilization in          
winter wheat (Triticum aestivum L.) under 
diverse nutrition levels. Euphytica. 2011; 
77:191–206. 

47. Le Gouis J, Beghin D, Heumez E, 
Pluchard P. Diallel analysis of winter wheat 
at two nitrogen levels. Crop Sci. 2002;42: 
1129–1134. 

48. Abeledo LG, Calderini DF, Slafer GA. 
Nitrogen economy in old and modern 
malting barleys. In Field Crops Research. 
2008;106:171−178.  
DOI: 10.1016/j.fcr.2007.11.006 

49. Gaju O, Allard V, Martre P, Snape JW, 
Heumez E, Gouis JLE, Moreau D, Bogard 
M, Griffiths S, Orford S, Hubbart S, 
Foulkes MJ. Identification of traits to 
improve the nitrogen-use efficiency of 
wheat genotypes. In Field Crops 
Research. 2011;123:139−152.  
DOI: 10.1016/j.fcr.2011.05.010 

50. Sinclair TR, Jamieson PD. Grain number, 
wheat yield and bottling beer: An analysis. 
Field Crop Res. 2006;98:60–67. 

51. Laperche A, Brancourt Hulmel M, Heumez 
E, Gardet O, Hanocq E, Deviennearret F, 
Le Gouis J. Using genotype x nitrogen 
interaction variables to evaluate the QTL 
involved in wheat tolerance to nitrogen 
constraints. Theor. Appl. Genet. 2007;15: 
399–415. 

52. Hirel B, Le Gouis J, Ney B, Gallais A. The 
challenge of improving nitrogenuse 
efficiency in crops plants: Towards a more 
central role of genetic vari-ability and 
quantitative genetics within integrated 
approaches. J. Exp. Bot. 2007;58;     
2369–2387. 

53. Gallais A, Hirel B. An approach of the 
genetics of nitrogen use efficiency in 
maize. Journal of Experimental Botany. 
2004;55:295–306. 

54. Good AG, Shrawat AK, Muench DG.  Can 
less yield more? Is reducing nutrient input 
into the environment compatible with 
maintaining crop production? Trends Plant 
Sci. 2004;9:597–605. 

55. Bertin P, Gallais A. Physiological and 
genetic basis of nitrogen use efficiency in 
maize. II. QTL detection and coincidences. 
Maydica. 2001;46:53–68. 

56. Quarrie SA, Steed A, Calestani C. A high-
density genetic map of hexaploid wheat 
(Triticum aestivum L.) from the cross 
Chinese Spring 3SQ1 and its use to 
compare QTLs from grain yield across a 
range of environments. Theoretical and 
Applied Genetics. 2005;110:865–880. 

57. Habash DZ, Bernard S, Schondelmaier J, 
Weyen J, Quarrie SA. The genetics of 
nitrogen use in hexaploid wheat: N 
utilisation, development and yield. Theor. 
Appl. Genet. 2007;114:403–419. 

58. Martre P, Porter JR, Jamieson PD, Triboi 
E. Modeling grain nitrogen accumulation 
and protein composition to understand the 
sink/source regulations of nitrogen 
utilization in wheat. Plant Physiol. 2003; 
133:1959–1967. 

59. Shabana R, Bailey T, Fery KJ. Production 
traits of oats selected under low; medium 
and high productivity. Crop Sci. 1980;20: 
739-744. 

60. Blum A. Breeding crop varieties for stress 
environments. Crit. Rev. Plant Sci. 1988a; 
2:199-238. 

61. Blum A. Plant breeding for stress 
environments. CRC press Inc, Florida, 
USA. 1988b;78-84. 



 
 
 
 

Al-Naggar et al.; JAERI, 5(3): 1-15, 2016; Article no.JAERI.21917 
 
 

 
15 

 

62. Rosielle AA, Hamblin J. Theoretical 
aspescts of selection for yield in stress and 
non-stress environments. Crop Sci. 1981; 
21:43-46. 
DOI:10.2135/cropsci1981.0011183X00210
0010013x 

63. Atlin GN, Frey KJ. Selecting oat lines for 
yield in low productivity environments Crop 
Sci. 1990;30:556-561. 

64. Banziger M, Lafitte HR. Efficiency of 
secondary traits for improving maize for 
low-nitrogen target environments. Crop 
Sci. 1997;37:1110-1117.  

65. Worku M. Genetic and Crop-Physiological 
Basis of Nitrogen Efficiency in Tropical 
Maize. Ph.D. Thesis. Fac. Agric.  
Hannover Univ. Germany. 2005;122. 

 
_______________________________________________________________________________ 
© 2016 Al-Naggar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/12055 


