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Selection criteria for high nitrogen use efficiencyn wheat
(Triticum aestivum L.) parents and their F, and F, progenies

ABSTRACT

Developing nitrogen use efficient (NUE) genotypésvbeat could reduce
crop N fertilizer requirement. However, selectiam NUE alone can be difficult
and less efficient than associating it with onenarre of selection criteria. The aim
of this study was to determine selection critea improving NUE in wheat
genotypes and theirFand F, progenies under contrasting N environments. The
results of this study indicated that high nitrogertake efficiency (NUPE), grain
yield/plant (GYPP), grains/spike (GPS), spikes/pl@PP), and grain protein
content (GPC) of parents, high NUPE, GYRPRP-GNBlogical yield/plant (BYPP),
GPC and GPS ofi5 and high NUPE, harvest index (HI), BYPP, SPPCGIRAd
GPS of E's have significant and strong correlation coediits with high nitrogen
use efficiency (NUE). It is observed that NUPE @smenonly-strenglycorrelated
with NUE in all studied genotypes (parentgsfand E's). Similarly, GPS-strengly
correlated—withGYPP is also strongly correlated with NUE—sir&&¥PP—is
perfectly-correlated1-00)with-NUE. Moreover, SPP is strongly correlated with
both-GYPPandNUE in parents andJfs. A negative and significant correlation
existed between NUPE and NUTE for parents unden-Nig-0.82), k's under
high-N (-0.73) and low-N (-0.36) and'& under high-N (-0.91) and low-N (-0.81).
The traits NUPE, GYPP, SPP and GPS showed higiabéity in narrow sense
and could therefore be offered to wheat breedersu$e in breeding—seleetion
programs as selection criteria for—getting—highesibn—gain—whenmproving

nitrogen use efficiency.

Key words: Correlations, Bread wheat, NUE, Secondary traiesitebility, N-
uptake

INTRODUCTION

Low soil nitrogen is among the major abiotic stessshreatening cereal
production and limiting food security and economiowth [1]. The incidence of

low-N stress may increase, due partly to globahate changes, declines in soil
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organic matter and reduction in soil fertility am@ter holding capacity [2]. One
approach to reducing the impact of N deficiencywdreat production may be to
select cultivars that are superior in N-use efficig either due to enhanced uptake

capacity or because of more efficient use of alebid in grain production [3].

Nitrogen use efficiency has been described in warizvays, but these
definitions generally describe two types of effiwy, either uptake efficiency or
utilization efficiency. Nitrogen uptake efficienéMUPE) has been defined as total
plant nitrogen content per unit content per uniawilable in the soil. Nitrogen
utilization efficiency (NUTE) was described by Mod#t al. [4] as the grain
production per unit N concentration in the planthey recommended the

development of genotypes with both high uptakelagh utilization efficiencies.

Various studies worldwide have identified genetgsariations between
grain yield and NUE components under contrastirgphditions. —-ef-high-anrd-tew
N-input-supply In general, these studies indicated that NUPEwadsdor more of
the genetic variation in NUE at low-N than at highsupply, e.g. amongst 10
spring wheat cultivars in Mexico [5] and 20 winteheat cultivars in France [6].
However, Dhuggaand Waines [7]comparing 12 spring wheats in California,
found that NUPE was the most important componeMWE at all N levels.

Genetic gains in NUE with breeding under low N dygmave been related
mainly to improvements in NUPE in spring wheat ieXo [5] and Finland [8]
and to NUTE in winter wheat in France [9] and thk [10]. In these studies,
modern cultivars normally had higher yields thad olltivars under low N input
conditions [5,9,10]. Under high N supply, severaidees worldwide concluded
that wheat breeding did not result in consisterprowements in NUPE but in
improved NUTE associated with higher harvest indexy. in Mexico [11]
Argentina [12], France [9] and in various counttfi#8,14]. In contrast, studies in
the UK [10], Mexico [5] and Finland [8] found thatcreases in NUE were
explained approximately equally by NUPE and NUTE.

Numerous studies of cultivars and segregating p@tjouls have shown
inverse relationships between grain yield and ghhinoncentration (e.gKibite
andEvans[15] and Triboiet al., [16]. Assuming a constant N, harvest index (the
proportion of above-ground N (AGN) at harvest ie train; NHI), grain yield

will be positively associated with AGN and/ or nagely associated with grain
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nitrogen content (GNC). Under low N supply, genegiains in yield were
positively associated with AGN and NHI and negdyivassociated with GNC
[5,9,10]. Whereas under high N supply, genetic gam yield were positively
associated with AGN [5,9,10], positively [5,9] peutrally [10] associated with
NHI, and negatively [5,9] or neutrally [10] assdei with GNC. Essentially,
under both low and high N supply, wheat crops whitfjher NUE compared to
current cultivars will require an increase in NUEaise AGN and/or an increase
in NUTE. The latter may be achieved by raising Nidt/or lowering GNC.

There have to date been relatively few attemptsig®e ‘direct selection’
breeding to improve NUE in wheat. CIMMYT in Mexi@dopted a strategy to
select for grain yield in medium-to-high fertiligonditions, since at this fertility
level both NUPE and NUTE contribute to the observadiation in NUE, resulting
in lines which were more N-efficient [5]. More rextly, it has been suggested that
this method of selection may not be as efficierdedscting lines under alternating
high-low N selection regimes commencing with higiinNhe R [17].

Fo-identifya A selection criterion for a given traitlei-stress-toleranee, it
should be of strong association with this traitogen-use-efficiencgomponents
and of high heritability—n—nrarrowense underlowN-conditions Therefore, the
objectivesof the present study were (i) to evaluate inteti@ships among traits
for determining the strongest ones with N-use &fficy in wheat parents and their
F1 and F, progenies and (2) to estimate heritability andeexgd genetic advance
from selection for such criteria in order to idénthose of strong correlation with
NUE coupled with high heritability and high selectigain under low-N to be used

as selection criteria for NUE.

MATERIALS AND METHODS

This study was carried out at Giza Research Statadnthe Agricultural
Research Center(ARC), Giza Egypt (30° 02'N latitasel 31° 13'E longitude
with an altitude of 22.50 meters above sea leval)2005/2006 season and at
Noubarya Research Station of the ARC, NoubaBgypt (30° 66'N latitude
and 30° 06' E longitudeith an altitude of 15.00 meters above sea level),
2006/2007, 2007/2008 and 2008/2009 seasons.

Six bread wheat genotype3riticum aestivum L.) were chosen for their

divergence in nitrogen use efficiency to be useplaments of diallel crosses, based
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on previous field screening carried out by Wheas.Reept., Field Crops Res.
Inst.,, ARC, Egypt. Three of them were promisingedlieg lines of high yield

under low-N (L25, L26 and L27) and three were comuiag local cultivars of low

yield under low-N (Gemmeiza 7; Gem7, Gemmeiza 9m&end Giza 168;

Gz168).

In season 2005/2006, a half diallel of crosses luing the six parents
(without reciprocals) was done at Giza Agric. R&tt., Agric. Res. Center, to
obtain the [Fseeds of 15 crosses. In summer 2006, a part sedds was sown in
greenhouse of Wheat Res. Dept. under controlledlitons to obtain the F
seeds. In season 2007/2008, the half diallel cds@e was again done to increase
quantity of i seeds and in summer 2007 thgsdeds were again sown in the
greenhouse under controlled conditions to obtainenseeds of 15.Fcrosses. In
the seasons 2007/2008, 2008/2009, parents (&,(15) and Fs (15) were sown
on 17" of November each season in the field of Noub#&twga. Stat., under two
levels of nitrogen fertilizer; the low level wasthaut fertilization (LN) and the
high level was 75 kg Nitrogen/ feddan (HN); thistii® recommended level of
Ministry of Agriculture. This level of nitrogen felizer (168 kg Urea/fed) was
added in two equal doses, the first dose was aga&dbefore the sowing
irrigation and the second dose just before the redrigation (21 days after
irrigation). In this experiment, a split plot dgsiin lattice (6x6) arrangement was
used with three replications. The two levels ofagen were allotted to the main
plots and the genotypes to the sup plots. EacmpareR was sown in two rows
and each Fwas sown in four rows; each row was three metag;lspaces
between rows were 30 cm and 10 cm between plamisthe plot size was 1.8°m
for parent or I and 3.6 r for K. All other agricultural practices were done
according to the recommendation of Ministry of Agiture for growing wheat in

Noubarya region.

Available soil nitrogen in 30 cm depth was analymadhediately prior to
sowing and N application at the laboratories of &/and Environment Unit,
ARC, Egypt in the two seasons. Soil nitrogen wamtbto be 55 and 57 kg N/ fed
in the seasons 2007/2008, 2008/2009, respectivelgilable soil nitrogen after
adding nitrogen fertilizer was therefore 55 and k§0N/fed in the first season and
57 and 132 kg N/fed in the second season for tlett@atments, i.e. LN and HN,
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respectively. The available nitrogen to each p{artiuding soil and added N) was
calculated for each environment to be 0.79, 1.8tagt in 2007/2008 season and
0.81 and 1.89 kg/fed in 2008/2009 season, withvamnage across the two seasons
of 0.80 and 1.87 g/plant for the two environmenié and HN, respectively. The
soil analysis of the experimental soil at NoubaRgsearch Station, as an average
of the two growing seasons, indicated that théis@andy loam (67.86% sand,
7.00% silt and 25.14% clay), the pH is 8.93, the iE®.55 dSil, the soluble
cations in meqt are C&" (5.30), K (0.70), N& (0.31), Md"* (2.60) and the
soluble anions in meg'lare CQ* (0.00), HCQ (2.10), Cl (5.30) and S
(1.51).

A random sample of 10 plants of each genotype oéra and Fs and 30
plants of FE's was used to collect data for 14 traitays to 50% heading (DTH)
as number of days from sowing date to the datenathn560% of main spike awns/
plot have completely emerged from the flag leawdesys to maturity (DTM)
measured asumber of days from sowing date to the date at wbi@% of main
peduncles/ plot have turned to yellow color (phigical maturity),plant height
(PH) measured as plant length from the soil surfac¢héotip of the spikes,
excluding awnsnumber of spikes/plant (SPP)as number of fertile spikes per
plant,number of grains/ spike (GPS), 100 grain weight (IIGW) measured as
weight of 100 grains taken from each guarded plgwatin yield/ plant (GYPP)
measured as weight of the grains of each indivigight, biological yield/ plant
(BYPP) measured as weight of the grains and stem of eatiidual plant and
harvest index (HI%) according formula: HI= 100 (GYPP/ BYPP). At
physiological maturity stage, five random guard&hf{s were removed from each
plot by cutting at the soil surface. The plantsevieulked as one sample per plot.
They were separated into straws (including lease=mns and spike residues) and
grains. Samples were oven dried at 70°C to a conhstaight and each part was
weighed separately. Samples were ground in powdérnétrogen of straws (N
straw) and grains () was determined using Kjeldahl procedure according
A.O.A.C. [18]. Total plant nitrogen (Nwas calculated as follows: M Ng+Nstraw
Data were collected fornitrogen use efficiency (NUE) g/g (GYPP / N),
nitrogen uptake efficiency (NUPE)% =100 (N / Ns), nitrogen utilization
efficiency (NUTE) (9/g)= (GYPP/N), nitrogen harvest index (NHI%)= 100(Ny/



Ny), andgrain protein content (GPC) measureas follows: GPC%= Ng x 5.70
according to AACC [19] , where GYPP is grain yiefddant in gram, Nis total
nitrogen in the whole plant (grains and strawy,idNavailable nitrogen in the soil
for each plant, and \is grain nitrogen content. Nitrogen efficiency gaeters
were estimated according to Metlal. [4].

The analysis of variance (ANOVA) of the split pld¢sign was performed
on the basis of individual plot observation usihg MIXED procedure of SAS ®
[20]. Moreover, each environment (HN and LN) wawmlgzed separately as
lattice design for the purpose of determining giengdrameters using Genestat10
addition windows software. Least significant di#faces (LSD) values were
calculated to test the significance of differenbesveen means according to Steel
et al. [21]. Simple correlation coefficients were caftall between pairs of studied
traits under stress and non-stress conditionsrénfs fr and i, generations according
to Singh and Narayanan [22]. The genetic parametrdsratios were calculated
according to methods developed by Jinks and Hayf@8h Jinks [24] and
Hayman [25,26] and described by Sharma [27]. ®vessense heritability @) in
Fi's was estimated using the following equatiofy; # [1/4D / (1/4D + 1/4H—
1/4F + E]. Narrow-sense heritability’hin F, was estimated using the following
equation: f, = [1/4D / (1/4D + 1/16k- 1/8F + E)], where E = expected
environmental component of variance. D = variange ©h additive effects of the
genes. F = mean of the covariance of additive adimbnce effects across all
arrays. H= variance component due to dominance deviatior.eXpected genetic
advance (GA) from direct selection as a percentdglee mean (x) was calculated
according to Singh and Narayanan [22] based oneléttson intensity as follows:
GA = 100[(k.H, dpn)/X] Where: k = 2.64 (selection differential for 18election

intensity), andpr= square root of the dominator of the narrow sdwesgability.

RESULTS AND DISCUSSION
1. Analysis of variance
Combined analysis of variance across years (Mhefsplit plot design in
lattice (6x6) arrangement across 2008/2009 and/20@9 seasons for the studied
36 wheat genotypes (6 parents , 1S Bnd 15 Fs ) under two levels of nitrogen

was performed (data not presented). Mean squarestalyears were highly



significant for nine studied traits, namely daysheading (DTH), plant height
(PH), spikes/plant (SPP), grains/ spike (GPS), @@0n weight (100GW), grain
yield/ plant (GYPP), biological yield/ plant (BYPRitrogen utilization efficiency
(NUTE) and nitrogen harvest index (NHI), indicatisignificant effect of climatic

conditions on most studied traits,

Results also exhibit that mean squares due togair levels (N) were
highly significant for all studied traits, indicag that the N level has an obvious
effect on all studied traits of studied wheat ggpes. Mean squares due to
genotypes (G) were highly significant for all stedlitraits, indicating that wheat
genotypes used in this study were significantly (PO1) different for all studied
traits. Moreover, mean squares due to genotypdésogan levelsj.e. G x N were
significant (P< 0.01 or 0.05) for all studied traits, indicatirtat genotypes ranks
differently from one nitrogen level to another dhdt selection can be done under
a specific soil nitrogen environment as proposedbiaggaret al. [28-37]. The
significant GxN interaction for NUE was also a goedidence for varying
responses of these wheat genotypes at variouseNs1§88,39]. The interactions
G x Y and G x Y x N were also significant €700.01 or 0.05) for all studied traits,

indicating that genotypes ranks differ from one bomation of Y x N to another.

Combined analysis of variance of a lattice dedmnall studied traits
under each environment (high N and low N) acrosse seasons was also
performed ( data not presented). Mean squaresodgenotypes, parents;'§and
F.'s under the two levels of nitrogen were highlyngigant for all studied traits.
Significant differences among parents of diallelsses in all studied traits are pre-
requisite for performing the diallel analysis fostiemating the inheritance of
studied traits under different N- application ratelean squares due to parevss
Fi's and IF's vs F,'s were highly significant for all studied traiteder the two
levels of nitrogen, except for nitrogen uptake @éfincy (NUPE) which were not
significant for k'svs F,'s , indicating the presence of significant hetisréer all
studied traits and the presence of inbreeding &ffir most studied traits. Mean
squares due to the interaction G x Y were highiyigicant for all studied traits
under the two levels of nitrogen, except for NURt &PC under low N which
were not significant. Mean squares due to the actesn P x Y under high level of

nitrogen were significant or highly significant fdr0 studied traits and non
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significant for DTH, BYPP, NUE and GPC. Mean squadlee to the interactions
Fi's x Y and EFs x Y under high-N were significant or highly sifgeant for all
studied traits, except NUPE fog'$x Y and 100GW for 5 x Y, which were not
significant. Mean squares due to the interactiofs ¥ Y and Es x Y were
significant or highly significant for all studiedaits under low N, except for
100GW, GYPP, NUE, NUPE, NUTE and GPC fatsFx Y and NUE and NUPE
for F's x Y. Mean squares due to the interactiony$rs's X Y and Fsvs F's X
Y under the two levels of nitrogen were significamid highly significant for all
studied traits, except GPC and NHI fafsfvs. F,'s x Y and NHI for P'ss Fy's x
Y. The significance of the interactions P&F;'s X Y and Fsvs F's x Y indicates
that heterosis and inbreeding effects differ freeason to season in most studied

traits.

2- Mean performance

A comparative summary of means of all studied graacross all 36
genotypes (6 parents, 13'¢~and 15 Fs) subjected to two levels of nitrogen
conditions and across two years is presented iteTah In general, low N caused
a significant reduction in 7 out of 8 studied tsaihamely GYPP, SPP, 100GW,
GPS and HI. Mean grain yield/plant (GYPP) was gigantly decreased due to
low-N by an average of 18.96, 21.17, and 15.40% parents, Fs and E's,
respectively. Reduction in grain yield of wheat diwelow soil nitrogen was
reported by several investigators. A positive ietahip between N application
levels and the grain yield has already been shawmany studies [39,40].
Significant reduction in grain yield as a result lofv-N was associated with
significant reductions in all yield components tisai.e. SPP, 100GW and GPS.
These reductions were relatively high in magnitfmenumber of spikes/ plant
(SPP) for parents (23.65%);'$ (23.99%) and F5 (43.52%). This indicates that
SPP is the most determining component of grairdyiglant of wheat under low-
N stress. The importance of this trait (numbesmikes or fertile tillers per plant)
in wheat for grain productivity under abiotic ssesonditions was previously
reported by several investigators; e.g. Al-Naggaal. [41]. Al-Bakry et al. [42]
observed that increasing nitrogen application iaseel the number of fertile tillers
per unit area. Geletet al. [43] reported that grain yield is closely relatedthe

number of spikes per unit area. Fertilized plotsdpced more spikes than control.
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Such response can be attributed to the adequatgenit availability which might
facilitate the tillering ability of plants, resuly in a greater spike population.
Ayoub et al. [44] also reported that spike population incréasdth increase in

nitrogen level.

Table (1). Means of studied wheat traits under lowN (0 Kg N/fed) and high—
N (75 Kg N/fed) and relative reduction compared tohigh—N
combined across parents, s and F,'s across two seasons.

Traits Parameter Parents R crosses Ecrosses
High-N Low-N High-N Low-N High-N Low-N
Average 88.64 87.94 89.61 85.11 89.04 83.49
DTH
Reduction% 0.78 4,95** 6.13**
Average 132.33 128.17 133.33 126.17 132.76 126.69
DTM
Reduction% 3.13* 5.33* 4,52%*
Average 82.74 81.21 89.54 83.96 102.95 99.05
PH(cm)
Reduction% 1.74 6.22** 3.78**
Average 80.23 69.81 79.95 71.76 74.48 64.78
GPS
Reduction% 13.47** 9.80** 12.47*
Average 4.66 4.05 4.33 3.84 3.37 2.61
100GW(qg)
Reduction% 12.96** 10.51** 21.72**
Average 11.88 9.11 12.13 9.14 12.95 7.31
SPP
Reduction% 18.96** 23.99** 43.,52%*
Average 27.53 22.41 29.12 22.83 25.65 21.54
GYPP(g)
Reduction% 18.96** 21.17* 15.40**
Average 63.14 54.98 64.87 56.78 59.29 52.59
BYPP(g)
Reduction% 12.94** 12.27*%* 11.24%*
Average 43.67 40.73 45.11 40.51 43.50 41.37
HI(%)
Reduction% 6.57* 8.97** 3.96
Average 14.72 28.03 15.57 28.53 13.72 26.91
NUE(g/g)
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

Average 0.94 1.07 0.98 1.00 0.84 0.98
NUTE(g/g)
Reduction% -14.39** -3.93 -20.21**
Average 14.35 11.33 14.61 12.64 14.86 12.91
GPC(%)
Reduction%  ------ 21.3* e 14.71%* - 132%*
Average 56.10 55.94 56.21 58.08 56.75 57.73
NHI(%)

Reduction%  ----- 0.28 - -3.33 - -1.73

N= nitrogen, * and** indicate significance at 0.05and 0.01 probability levels, respectively
Reduction%= 100[(HN-LN)/HN]

Moreover , low nitrogen caused a significant regurctn biological yield /
plant (BYPP) by 12.49, 12.27 and 11.24%, graingirotontent (GPC) by 25.06,
29.18, and 23.31% and harvest index (HI) by 6&97 and 3.69% for parents,
Fi's and E&'s, respectively. It was observed that low- N cdusight but significant
earliness of DTM by 3.13, 5.33 and 4.52% (4.176 atd 6.07 days) and DTH by
0.70, 4.50 and 5.55 days for parentss Bnd ks, respectively.

On the contrary, low—N caused increases in theagesr of nitrogen use
efficiency (NUE) by 89.56, 97.60 and 84.28% for guas, K's and FE's,
respectively. Significant increase in NUE due tw-dN stress was associated with
significant increases in averages of NUPE and NUTIB. agreement with these
results, Ortiz-Monastericet al. [5] also reported significant influence of N
application rate on NUTE in which the highest effitties were measured at the
lowest application rate. Sinelebal. [45] also found similar results in which they
reported NUTE values of 29.3- 43.9 and 31.8-48.8dd N, respectively.

In the present study, magnitude of increase in NY&&87, 83.08 and
78.70%) was much higher than that in NUTE (14.3933and 20.21%) for
parents, s and ks, respectively. This indicates that NUPE is thesmo
determinant component of NUE. Al-Naggat al. [33-37] showed that N
efficiency diminishes as N fertilizer rates increaGornyet al. [46] reported that
NUPE, NUTE and NHI tended to increase under lowAkcording to Le Gouigt
al., [47] , in wheat, Al-Naggaet al. [33,37] in maize and Al-Naggat al. [28,29]
in grain sorghum , N uptake in biomass was thetrmportant factor in NUE
determination regardless of N level. Abelegtoal. [48] reported that both N
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conversion and N capture have played a role inntpgovement of NUE. On the
contrary, Gajuet al. [49] found that NUPE effect explained only a shaahount
of phenotypic variance in NUE amongst cultivars, RUTE affected it up to 61%
and 77% under high —N low-N, respectively. Theeati#hces in results might be
attributed to the different genetic background ehatypes used in different
studies. In the present study, it is also observed low- N stress caused a
significant (but slight) increase in plant heightg's (6.80%) and F5 (4.80%).

3. Interrelationships
Estimates of simple correlation coefficients betwesach of grain yield

Iplant (GYPP), nitrogen uptake efficiency (NUPE)damitrogen utilization
efficiency (NUTE) and other studied traits acrdss two seasons under high-N
and low-N were calculated across all parent's &d E's and presented in Table
(2). Grain yield/ plant showed perfect positive aasation with NUE (r=1.00)
under both high-N and low-N for all groups of gemas,i.e., parents, Fs and
F.'s, that is why the estimates of correlation caeffits between GYPP and other

traits are very close to those between NUE anddinee traits.

Table (2). Correlation coefficients among studiedraits across parents, s
and F,'s under high and low-N.

High N Low N
Trait
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%*
H1% 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**
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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**
F, 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** Rt 0.75** 0.06
BYPP 0.42** 0.76** -0.30** 0.74* 0.69** -0.11
HI1% 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
* and** indicate significant at 0.05 and 0.01 probaility levels, respectively.
Continue Table (2)
High N Low N
Trait
GYPP NUPE NUTE GYPP NUPE NUTE
F, 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*
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GYPP 0.24* 0.11 0.39* -0.08

BYPP 0.24* 0.59** -0.57* 0.38** 0.39** -0.19
HI1% 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 probaility levels, respectively.

The strongest correlations £r0.90) was observed between grain protein
content (GPC) which is an expression of grain giro content (j) and each of
NUPE and NUE (GYPP) for all genotypes under bothrenments,i.e. high-N

and low-N.

Concerning the components of grain yield, significaand high-in-
magnitude correlations were observed between GYRP emch of GPC (§)
(0.92), HI (0.82), GPS (0.71),100GW (0.63) and $®R3) across parents, NUPE
(0.80), HI (0.67) and NUTE (0.62) acrosgskand HI (0.82) and SPP (0.32) across
F.'s under high-N and GPS (0.86), GPC (0.95) HI (0.5%P (0.57) and 100GW
(0.36) across parents, GPS (0.60), BYPP (0.74)0H11), GPC (0.44) and SPP
(0.36) across 5 and SPP (0.29), GPS (0.24), NUPE (0.39), HI (0=t BYPP
(0.38) across E5 under low-N conditions. These results indicagithportance of
SPP, GPS, GPC and NUPE for getting high grain yigldnt under both high and
low N conditions. Sinclair and Jamieson [50] repdrthat, it is logical that the
number of grains produced is not only importantdetermining the yield, but is
also related to the NUE. However, the results imphat breeding efforts
improving yield by increasing the number of grasi®uld also result in higher
NUE as well according to Moéit al. [5].

The results indicate also that under low-N, it asgible to obtain wheat
genotypes (parents,;&'and Fs) that have high grain yield of high grain protein
contents. This conclusion was previously reporteddime investigators. A further

improvement of grain protein content under N-lirditeonditions without
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substantial depressions in yielding capacity setenbe possible in bread wheat as
suggested by Laperclee al. [51] . In other studies, Ayou& al. [44] and Ortiz-
Monasterioet al. [5] reported negative associations of grain yeith protein
content. Sinebet al. [45] found significant negative correlations of NE'Wwith

grain protein content.

Concerning the components of NUE of parents, reqilable 2) showed
that NUE had positive and significant correlatianih NUPE ( 0.83 and 0,88 )
and negative and significant correlation coeffitsanith NUTE ( -0.62 and -0.46 )
under low-N and high-N, respectively. So, paremtdndicate that NUE is based
mainly on NUPE, especially under low-N. Data ofsFshowed that NUE is
depending only on NUTE under high-N (r=0.61) and MOPE under low-N
(0.75), suggesting that NUE of Rybrids depends more on NUPE under high-N
and NUTE under low-N. Regarding populations, data showed that NUE had
significant and positive, but low-in-magnitude @ations with NUPE under low-
N (r=0.39) and high—N (r=0.24) and not correlatethWUTE. This indicates that
F, hybrids express their NUE due to NUTE under botk &nd high N conditions,

with higher degree under low-N.

In general, across all genotypes, NUE depends gnamINUPE, except
F1's under high-N which depends on NUTE. Thus uno\erN, NUE increases by
increase of NUPE for parents,'$-and E's. The same conclusion was valid under
high-N, for parents and,B, but for if's, NUE increases by increasing NUTE.
Numerous studies indicated that NUPE accounts ferof the genetic variation
in NUE at low N than at high N supply, e.g. amonb3tspring wheat cultivars in
Mexico [5] and 20 winter wheat cultivars in Frar{d€]. Moreover—Heoweve
Dhugga and Waines [52] comparing 12 spring wheat€alifornia, found that
NUPE was the most important component of NUE alNd#vels. Genetic gains in
NUE with breeding under low N supply have been tesla mainly to
improvements in NUPE in spring wheat in Mexico [8jnd Finland [8] and to
NUTE in winter wheat in France [9] and the UK [10]

In general, grain yield or nitrogen use efficiefByJE) were significantly
correlated with nitrogen uptake efficiency (NUPE)most cases; this correlation

was more pronounced in parents (0.88 and 0.83)ithBicrosses ( 0.80 and 0.75)
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and R crosses (0.24 and 0.39) under high-N and low-Npeetively. Harvest
index (HI) showed significant and positive correlatcoefficients in most cases
with GYPP and NUE for parents;'§and E's of medium to high magnitude under
low-N and high-N.

Since NUPE and Hihowed strong correlations with NUE or GYPP in this
study and nitrogen translocation efficiency (NTR&gin N/total plant N) proved
be strongly correlated with HI in other studies][38rain yield or NUE of parents,
Fi's and Es in the present study could therefore be cons@lesf strong
association with N-uptake and N-translocation éfficies. Similar conclusion
was reported by Al Naggat al. [35-37] in maize and Gormt al. [46] in wheat.

It is observed that a negative and significanteadation existed between
NUPE and NUTE for parents under high-N (-0.82)s kinder high-N(-0.73) and
low-N (-0.36) and Fs under high-N (-0.91) and low-N (-0.81). This eh&tion
was reported by many previous investigators (emnget al., [46] ). BethThe
two processes (N-uptake and N-utilization) appeabe governed by different
genetic factors [53-55. For instance results okesive molecular studies, on
wheat and maize [51,56-58] revealed that diffessmts of genes (QTL regions)
controlled various components of the two major mesas of N efficiency, and
that expression of the genes (loci) was considgrdébendent upon soil N status.
Hence, the appearance of the above mentioned wegagiationship between
NUPE and NUTE in the examined hybrids and theirepts may be a genetic
guandary. Most of modern parents of wheat were Idped under enhanced N
fertilization with strong selection for yielding pacity and grain quality. Thus,
such a strategy may have favored high-yielding ggres with increased NUTE,
but not those with a high NUPE. This implies tha¢ fproposal of Martret al.
[59] to search for genotypes able to translocatioragjdr amounts of N grains
without reducing plant biomass and photosynthedigacity under N shortage has

become particularly challenging for wheat breeders'

4. Heritability:

4. a. In F, generation:
Broad-sense heritability ) in Fy's for all studied traits (except GPC)

in this experiment was of high magnitude and rarfgeih 61.7% (SPP) to 99.9%
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(GPS) under high-N and from 41.0% (NHI) to 100.0%PE) under low-N
environments (Table 3), indicating that environmbat a small effect on the
phenotype of Fs for most studied traits. Grain protein cont€P(C) trait showed
very small f, value under both high and low N environments (&68 20.00%,

respectively), indicating a large effect of envimmant on this trait.

Narrow-sense heritability tf) in Fi's (Table 3) was generally of
medium magnitude and ranged from 8.50% (NUTE) t8%% (GPS) under high-
N and from 9.00% (NHI) to 73.55% (GPS) under lowH\s observed that GPC
trait recorded 0.0%% under both high- and low- N; the reason may babse its

D value was negative; that is why we considereerio.

The big difference between broad- and narrow- semsetability
estimated from Fs in this experiment could be attributed to thghhestimates of
dominance as compared to additive component. dbsgerved that narrow-sense
heritability () in F's of the present study was generally higher inmitade
under low-N than under high-N for all studied tsaiéxcept for plant height. This
increase in f under low-N compared to high-N was more pronounice8PP,
GPS, GYPP and NUE trajtse. the most important components of grain yield and

consequently nitrogen use efficiency in wheat.

Table 3. Estimates of heritability in broad (f,) and narrow (h?%,) sense and
genetic advance from selection (GA) for studied tigs under high
and low-N in F; populations of 15 diallel crosses across two seaso

Parameter DTH DTM PH SPP GPS 100GW GYPP
High N

h%,% 91.15 85.88 94.50 61.70  99.90 81.00 91.27

h%.% 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

h%,% 80.27 87.78 96.00 54.42 100.00 57.50 91.00

h%.% 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
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Parameter BYPP HI NUE NUPE NUTE GPC NHI

High N
h%,% 96.32 87.30 91.20 96.00 96.60 8.52 63.85
h%.% 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
h%,% 97.88 93.50 90.75 96.60 87.30 20.00 41.00
h%.% 40.20 15.87 66.90 46.36 11.11 0.00 9.00
GA% 1044 542 19.62 22.43 5.63 -5.70 1.02

Expected genetic advance (GA) from selection (based% selection
intensity) across two years fog's ranged from 0.12% for NHI to 23.9% for HI
under high-N and from 1.02% for NHI to 23.26% foP& under low-N. In
general, the values of GA were higher under lowzahtunder high-N (for 11 out
of 14 studied traits). The traits SPP, GPS, GYPFRB, NUE and NUPE showed
much higher estimates of GA ( 23.25, 23.26, 19144, 19.62 and 22.43%,
respectively) under low-N than those under high2M6@, 15.87, 5.11, 5.44, 9.44
and 11.25%, respectively).

4. a. In F, generation:
Broad-sense heritability t§ in B's for all studied traits (except GPC

under both environments and NHI under low N) irstbkperiment was of high
magnitude and ranged from 40.12% (SPP) to 100.08%&] under high-N and
from 63.71% (100GW) to 100.00% (GPS) under low-Niemments (Table 4),
indicating that environment had a small effect oa phenotype of 5 for most
studied traits. In £generation, grain protein content (GPC) under Inigh and
low N environments (13.00 and 20.00%, respectivahyd NHI trait under low-N
(14.30%) showed very smalfivalue, indicating a large effect of environment on

these traits.

Narrow-sense heritability ff) in F's (Table 4) was generally of low to
high magnitude and ranged from 2.11% (NHI) to 82:9@GPS) under high-N and
from 6.80% (NHI) to 93.00% (GPS) under low-N. Itosserved that infs, GPC
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trait recorded 0.0%% under both high- and low- N; the reason may beibse its

D value was negative; that is why we consideredeito. The big difference
between broad- and narrow- sense heritability eggch from Es in this
experiment could be attributed to the high estimatedominance as compared to

additive component.

It is observed that narrow-sense heritabilits,Xfin R's of the present
study was generally higher in magnitude under lowhBin under high-N for all
studied traits, except for DTM, 100GW and BYPP .sTincrease in% under low-
N compared to high-N was more pronounced in SPRS,GFPYPP, NUE and
NUPE traits;i.e. the most important components of grain yield anbgen use

efficiency in wheat.

Our results of heritability in /% and EF's are in agreement with some
researchers, e.g. Shabaal. [60] , Blum [61,62] and Al-Naggaat al. [28-37] ,
who support the idea that heritability is highedenstressed than non-stressed
environment. On the contrary, other investigatagported that heritability is

higher under good (non-stressed) environment [§3-66

Table 4. Estimates of heritability in broad (f,) and narrow (h?%,) sense and
genetic advance from selection (GA) for studied tigs under high
and low-N in F, populations of 15 diallel crosses across two seaso

C;ﬁgi:zts DTH DTM PH SPP GPS 100GW  GYPP
High-N
h2,% 74.40 61.00 97.41 40.12 100.00 65.83 81.76
h2.% 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,% 82.59 76.59 98.40 70.00 100.00 63.71 88.65
h2,% 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
C;ﬁgi:‘;its BYPP HI NUE NUPE  NUTE GPC NHI
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High-N

h2,% 90.37 82.00 81.64 95.03 91.83 20.00 59.53

h?,% 65.40 19.30 42.64 33.37 20.41 0.00 211

GA% 7.00 3.60 7.70 9.52 6.80 0.00 0.12
Low-N

h%,% 96.00 78.20 88.60 88.10 67.57 13.00 14.30

h%.% 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

Expected genetic advance (GA) from selection (based% selection
intensity) across two years ranged from 0.12% fbil b 20.40% for GPS under
high-N and from 1.70% for DTM to 28.12% for GPS andbw-N (Table 4). In
general, the values of GA were higher under lovik&htunder high-N ( for 12 out
of 14 studied traits). The traits SPP, GPS, GYPPPB, NUE, NUPE and NHI
showed much higher estimates of GA ( 22.00, 282B214,13.00, 23.10, 27.43
and 6.70 %, respectively) under low-N than thosgeunmigh-N (3.20, 20.40, 7.70,
7.00, 7.70, 9.52 and 0.12%, respectively).

These results injFand K generations indicated that to improve grain
yield and nitrogen use efficiency traits in the qmet germplasm, it is better to
practice selection for these traits under low-Nditons to obtain higher values of

selection gain.
5. Alternative screening criteria for NUE

Fo—identify The selection criterion for a given abiotic stréekerance
character, such as low-N tolerance,should be of strong association with
tolerance to low-Ni.e. with nitrogen use efficiency and ef-significantdanigh
heritability in narrow-sense under low-N conditioi$e results in Tables (2, 3
and 4) concluded—indicatadat NUPE, GYPP, GPS, and SPP of parents, NUPE,
GYPP, BYPP, DTH and GPS of's and NUPE, HI, BYPP, SPP and GPS g F
are-considered-selection-eriteria faad strong associations with high nitrogen use
efficiency.

The importance of number of spikes (fertile tillger plant) in wheat for

grain productivity under abiotic stress conditionas previously reported by
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several investigators [41] . CIMMYT breeders fouhdt maize grain yield under
low-N was closely related to some secondary traitsh as improved N-uptake
efficiency, high plant nitrate content, high-specifeaf-N content and late leaf
senescence [3, 65] . These results for NUPE anda&Pi consistency with those
reported by Al-Naggaet al. [30,31,33-37] .

Numerous studies indicated that NUPE accounts forenof the genetic
variation in NUE at low N than at high N supplyg.eamongst 10 spring wheat
cultivars in Mexico [5] and 20 winter wheat cuirg in France [47] . Moreover
Hewever Dhugga and Waines [52] comparing 12 spring whéatCalifornia,
found that NUPE was the most important componenNOE at all N levels.
Genetic gains in NUE with breeding under low N dygmave been related mainly
to improvements in NUPE in spring wheat in Mexi&) nd Finland [8] , butand
to NUTE in winter wheat in France [9] and the UX0] . Differences in results
could be attributed to genotypes used in differgidies; that might differ in
genes controlling NUPE and genes controlling NUTE.

Harvest index (HI) and nitrogen harvest index (Npiipvide a means for
determining the allocation of important nutrientghin the plant tissues to grain
during reproductive growth. Since NUPE andsHbwed strong correlations with
NUE or GYPP in this study and nitrogen translogatidficiency (NTRE) (grain
N/total plant N) proved be strongly correlated within other studies [33] , grain
yield or NUE of parents, /5 and EFs in the present study could therefore be
considered of strong association with N-uptake BAaganslocation efficiencies.
Similar conclusion was reported by Al-Nagghal. [33] in maize and Gorngt al
. [46] in wheat.

In the present study, a negative and significantetation existed between
NUPE and NUTE for parents under high-N (-0.82)s kinder high-N (-0.73) and
low-N (-0.36) and Fs under high-N (-0.91) and low-N (-0.81). Both ggeses, N
uptake and N-utilization, appear to be governedliffgrent genetic factors [53-
55] . For instance results of extensive moleculadiss , on wheat and maize [51,
56-58] revealed that different sets of genes (Q@&@ions ) controlled various
components of the two major measures of N effyeand that expression of the

genes (loci ) was considerably dependent upon Noiktatus. Hence, the
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appearance of the above mentioned negative reshiprbetween NUPE and
NUTE in the examined hybrids and their parents tmap genetic quandary. Most
of modern parents of wheat were developed undearar@d N fertilization with
strong selection for yielding capacity and graimlgy. Thus, such a strategy may
have favored high-yielding genotypes with increaS&4TE, but not those with a
high NUPE. This implies that the proposal of Maréteal. [59] to search for
genotypes able to translocation of larger amouhtsl grains without reducing
plant biomass and photosynthetic capacity under hdrtage has become

particularly challenging for wheat breeders.

Selection based on improved performance under lowasked on NUE
alone has often been considered efficient, butuse of secondary traits can
increase selection efficiency [33] . Plant breedsase advocated the judicious
incorporation of secondary traits within breedimggrams [61,62] .Results of the
present study suggest that to maximize the gergdio from selection, for
improving NUE in wheat and consequently, grain ¢ieinder low-N, future
research should focus on the incorporation of sgagntraits such as NUPE,
GYPP, SPP and GPS in the selection programs althg\NUE trait.

CONCLUSION

The results of this study indicated that GYPP, GBBP and NUPE of
parents, GYPP, NUPE, BYPP, DTH and GPS g Bnd HI, NUPE, BYPP, SPP
and GPS of s are considered selection criteria for high gigno use efficiency
(NUE). Nitrogen uptake efficiency (NUPE) is a conmmselection criterion for
NUE in all studied genotypesge. parents, Fs and E's. Grains/spike (GPS) as a
selection criterion for grain yield/plant (GYPP)alkso selection criterion for NUE,
since GYPP is perfectly correlated with NUE. Morenvspikes/plant (SPP) is
strongly correlated with both GYPP and NUE in p&eand E's. All these
selection criteria (NUPE, GYPP, SPP and GPS) hayle heritability in narrow
sense and could be offered to wheat breeders firuselection programs for
getting high selection gain when improving nitrogase efficiency. Results
suggest that future research should focus on tterporation of such secondary
traits (NUPE, GYPP, SPP and GPS) in the selectrograms along with NUE
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trait in order to maximize the genetic gain frontesdon for improving wheat
NUE.
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