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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) genotypefs wheat could reduce crop N
fertilizer requirement. However, selection for NWlibone can be difficult and less efficient than
associating it with one or more of selection cr#efThe aim of this study was to determine
selection criteria for improving NUE in wheat geypg#s and their f£and b progenies under
contrasting N environments. The results of thislgtndicated that high nitrogen uptake efficiency
(NUPE), grain yield/plant (GYPP), grains/spike (GPSpikes/plant (SPP), and grain protein
content (GPC) of parents, high NUPE, GYPP, biolagjyeeld/plant (BYPP), GPC and GPS afs-
and high NUPE, harvest index (HI), BYPP, SPP, GRE€ @PS of Fs have significant and strong
correlation coefficients with high nitrogen usei@éincy (NUE). It is observed that NUPE is
commonly correlated with NUE in all studied gempaty (parents, 5 and k's). Similarly, GPS is
also strongly correlated with NUE. Moreover, SPRtiengly correlated with NUE in parents and
F,'s. A negative and significant correlation existetween NUPE and NUTE for parents under
high-N (-0.82), I’'s under high-N (-0.73) and low-N (-0.36) angskinder high-N (-0.91) and low-
N (-0.81). The traits NUPE, GYPP, SPP and GPS stdugh heritability in narrow sense and
could therefore be offered to wheat breeders ferindoreeding programs as selection criteria for

improving nitrogen use efficiency.
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INTRODUCTION

Low soil nitrogen is among the major abiotic stemsshreatening cereal production and
limiting food security and economic growth [1]. Thecidence of low-N stress may increase, due
partly to global climate changes, declines in soganic matter and reduction in soil fertility and
water holding capacity [2]. One approach to redycthe impact of N deficiency on wheat
production may be to select cultivars that are sapén N-use efficiency, either due to enhanced

uptake capacity or because of more efficient ussbebrbed N in grain production [3].

Nitrogen use efficiency has been described in uariways, but these definitions generally
describe two types of efficiency, either uptakdcéghcy or utilization efficiency. Nitrogen uptake
efficiency (NUPE) has been defined as total plaitiogen content per unit content per unit N
available in the soil. Nitrogen utilization efficiey (NUTE) was described by Mddt al. [4] as the



grain production per unit N concentration in therml They recommended the development of

genotypes with both high uptake and high utilizatificiencies.

Various studies worldwide have identified genetgsaciations between grain yield and
NUE components under contrasting N conditions.géneral, these studies indicated that NUPE
accounts for more of the genetic variation in NUHBoav-N than at high N supply, e.g. amongst 10
spring wheat cultivars in Mexico [5] and 20 wintetheat cultivars in France [6]. However,
Dhuggaand Waines [7tomparing 12 spring wheats in California, found tN&/PE was the most
important component of NUE at all N levels.

Genetic gains in NUE with breeding under low N dyppave been related mainly to
improvements in NUPE in spring wheat in Mexico fjd Finland [8] and to NUTE in winter
wheat in France [9] and the UK [10]. In these &sdmodern cultivars normally had higher yields
than old cultivars under low N input conditions93,0]. Under high N supply, several studies
worldwide concluded that wheat breeding did notlteis consistent improvements in NUPE but
in improved NUTE associated with higher harvesteinde.g. in Mexico [11]Argentina [12],
France [9] and in various countries [13,14]. Intcast, studies in the UK [10], Mexico [5] and
Finland [8] found that increases in NUE were expdi approximately equally by NUPE and
NUTE.

Numerous studies of cultivars and segregating poious have shown inverse relationships
between grain yield and grain N concentration (Kibite andEvans[15] and Triboiet al., [16].
Assuming a constant N, harvest index (the proportibabove-ground N (AGN) at harvest in the
grain; NHI), grain yield will be positively assotéal with AGN and/ or negatively associated with
grain nitrogen content (GNC). Under low N supplengtic gains in yield were positively
associated with AGN and NHI and negatively assediatith GNC [5,9,10]. Whereas under high
N supply, genetic gains in yield were positivelp@sdated with AGN [5,9,10], positively [5,9] or
neutrally [10] associated with NHI, and negativf8y9] or neutrally [10] associated with GNC.
Essentially, under both low and high N supply, wheraps with higher NUE compared to current
cultivars will require an increase in NUPE to ra®s@N 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 attemptss&‘direct selection’ breeding to improve
NUE in wheat. CIMMYT in Mexico adopted a strategyselect for grain yield in medium-to-high
fertility conditions, since at this fertility levédoth NUPE and NUTE contribute to the observed
variation in NUE, resulting in lines which were raoN-efficient [5]. More recently, it has been
suggested that this method of selection may nasefficient as selecting lines under alternating
high-low N selection regimes commencing with higinNhe & [17].

A selection criterion for a given trait should bestrong association with this trait and of
high heritability. Therefore, the objectivebthe present study were (i) to evaluate inteti@tships
among traits for determining the strongest oneh Wiuse efficiency in wheat parents and their F
and k progenies and (2) to estimate heritability andeekpd genetic advance from selection for
such criteria in order to identify those of strarggrelation with NUE coupled with high heritability

and high selection gain under low-N to be usecdebecton criteria for NUE.
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MATERIALS AND METHODS

This study was carried out at Giza Research Statioh the Agricultural Research
Center(ARC), Giza Egypt (30° 02'N latitude and 3B’E longitude with an altitude of 22.50
meters above sea level), in 2005/2006 season ahbw@barya Research Station of the ARC,
Noubarya, Egypt (30° 66'N latitude and 30° 06' Bgitude with an altitude of 15.00 meters above
sea level), in 2006/2007, 2007/2008 and 2008/2@a@8ans.

Six bread wheat genotype3riticum aestivum L.) were chosen for their divergence in
nitrogen use efficiency to be used as parents aifetlicrosses, based on previous field screening
carried out by Wheat Res. Dept., Field Crops Rast.,| ARC, Egypt. Three of them were
promising breeding lines of high yield under low-N25, L26 and L27) and three were
commercial local cultivars of low yield under low-{Eemmeiza 7; Gem7, Gemmeiza 9; Gem9
and Giza 168; Gz168).

In season 2005/2006, a half diallel of crosseshiing the six parents (without reciprocals)
was done at Giza Agric. Res. Stat., Agric. Res.t€erio obtain the Fseeds of 15 crosses. In
summer 2006, a part of ; Beeds was sown in greenhouse of Wheat Res. Dagr controlled
conditions to obtain the,Beeds. In season 2007/2008, the half diallel @sgs was again done to
increase quantity of /Seeds and in summer 2007 thededs were again sown in the greenhouse
under controlled conditions to obtain more seedsl®fF, crosses. In the seasons 2007/2008,
2008/2009, parents (6),,'§ (15) and Fs (15) were sown on T70f November each season in the
field of Noubarya Res. Stat., under two levels tfogen fertilizer; the low level was without
fertilization (LN) and the high level was 75 kg Migen/ feddan (HN); this is the recommended
level of Ministry of Agriculture. This level of trogen fertilizer (168 kg Urea/fed) was added in
two equal doses, the first dose was added justddfie sowing irrigation and the second dose just
before the second irrigation (21 days after iriggt In this experiment, a split plot design in
lattice (6x6) arrangement was used with three capibins. The two levels of nitrogen were allotted
to the main plots and the genotypes to the sups.pledch parent or;fwas sown in two rows and
each k was sown in four rows; each row was three metay;lspaces between rows were 30 cm
and 10 cm between plants, and the plot size wasdf@r parent or Fand 3.6 rifor F. All other
agricultural practices were done according to #g@mmendation of Ministry of Agriculture 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 Water and Emrnent Unit, ARC, Egypt in the two seasons.
Soil nitrogen was found to be 55 and 57 kg N/ fedthie seasons 2007/2008, 2008/2009,
respectively. Available soil nitrogen after addinigrogen fertilizer was therefore 55 and 130 kg
N/fed in the first season and 57 and 132 kg N/fethe second season for the two treatments, i.e.
LN and HN, respectively. The available nitrogenetch plant (including soil and added N) was
calculated for each environment to be 0.79, 1.8#agt in 2007/2008 season and 0.81 and 1.89
kg/fed in 2008/2009 season, with an average athessvo seasons of 0.80 and 1.87 g/plant for the

two environments LN and HN, respectively. The smiblysis of the experimental soil at Noubarya



Research Station, as an average of the two groséagons, indicated that the soil is sandy loam
(67.86% sand, 7.00% silt and 25.14% clay), the pH8.D3, the EC is 0.55 dSmthe soluble
cations in meqt are C&" (5.30), K (0.70), N& (0.31), Md" (2.60) and the soluble anions in meq
It are CQ?* (0.00), HCQ@ (2.10), Cl (5.30) and S¢¥ (1.51).

A random sample of 10 plants of each genotype mqia and Fs and 30 plants of ,B was
used to collect data for 14 traitdays to 50% heading (DTH)as number of days from sowing
date to the date at which 50% of main spike awiat/ l|ave completely emerged from the flag
leaves,days to maturity (DTM) measured asumber of days from sowing date to the date at
which 50% of main peduncles/ plot have turned tthoye color (physiological maturity)plant
height (PH) measured as plant length from the soil surfadbedip of the spikes, excluding awns,
number of spikes/plant (SPP)as number of fertile spikes per planymber of grains/ spike
(GPS), 100 grain weight (100GW)measured as weight of 100 grains taken from eaeindgd
plant, grain yield/ plant (GYPP) measured as weight of the grains of each indivichlaht,
biological yield/ plant (BYPP) measured as weight of the grains and stem of eatividual plant
andharvest index (HI1%) according formula: HIl= 100 (GYPP/ BYPP). At physgical maturity
stage, five random guarded plants were removed &aah plot by cutting at the soil surface. The
plants were bulked as one sample per plot. Theye weparated into straws (including leaves,
stems and spike residues) and grains. Samples averedried at 70°C to a constant weight and
each part was weighed separately. Samples werendyriou powder and nitrogen of straws (N
straw) and grains ()l was determined using Kjeldahl procedure accorthng.O.A.C. [18]. Total
plant nitrogen (Iy was calculated as follows:; N Ny+Nsyaw Data were collected fornitrogen use
efficiency (NUE) g/g= (GYPP / N), nitrogen uptake efficiency (NUPE)% =00 (N / Ny,
nitrogen utilization efficiency (NUTE) (g/g= (GYPP/N), nitrogen harvest index (NHI%)=
100(Ny/ Ny, and grain protein content (GPC) measuredas follows: GPC%= Ny x 5.70
according to AACC [19] , where GYPP is grain yiefdant in gram, Nis total nitrogen in the
whole plant (grains and straw) ¢ available nitrogen in the soil for each plaamd N, is grain

nitrogen content. Nitrogen efficiency parametersengstimated according to M al. [4].

The analysis of variance (ANOVA) of the split pb¢sign was performed on the basis of
individual plot observation using the MIXED proceduof SAS ® [20]. Moreover, each
environment (HN and LN) was analyzed separatebattise design for the purpose of determining
genetic parameters using Genestdtk@dition windows software. Least significant diéfeces
(LSD) values were calculated to test the signifaeanf differences between means according to
Steel et al. [21]. Simple correlation coefficients were cadtet between pairs of studied traits under
stress and non-stress conditions in paren@né ; generations according to Singh and Narayar2h [2
The genetic parameters and ratios were calculatedr@ing to methods developed by Jinks and
Hayman [23], Jinks [24] and Hayman [25,26] andcdeed by Sharma [27]. Narrow-sense
heritability () in Fi's was estimated using the following equatiof:=h[1/4D / (1/4D + 1/4h-
1/4F + E]. Narrow-sense heritability’(h in F, was estimated using the following equatiof);
[1/4D / (1/4D + 1/16H- 1/8F + E)], where E = expected environmental camept of variance. D



= variance due to additive effects of the genes: Fean of the covariance of additive and
dominance effects across all arrays=Hariance component due to dominance deviatiore Th
expected genetic advance (GA) from direct selectisna percentage of the mean (x) was
calculated according to Singh and Narayanan [28kthan 1% selection intensity as follows: GA
= 100[(k.H, dpn)/X] Where: k = 2.64 (selection differential for 18election intensity), andl,=

square root of the dominator of the narrow sensisaldity.

RESULTS AND DISCUSSION
1. Analysis of variance

Combined analysis of variance across years (Ythefsplit plot design in lattice (6x6)
arrangement across 2008/2009 and 2009/2010 seé#&sortke studied 36 wheat genotypes (6
parents , 15 5 and 15 Fs ) under two levels of nitrogen was performedtddnot presented).
Mean squares due to years were highly significaninfne studied traits, namely days to heading
(DTH), plant height (PH), spikes/plant (SPP), gsaiapike (GPS), 100 grain weight (100GW),
grain yield/ plant (GYPP), biological yield/ plagBYPP, nitrogen utilization efficiency (NUTE)
and nitrogen harvest index (NHI), indicating sigraht effect of climatic conditions on most

studied traits,

Results also exhibit that mean squares due togeitr levels (N) were highly significant
for all studied traits, indicating that the N lev&ls an obvious effect on all studied traits oflistd
wheat genotypes. Mean squares due to genotypewé(&) highly significant for all studied traits,
indicating that wheat genotypes used in this stwéye significantly (R 0.01) different for all
studied traits. Moreover, mean squares due to geestx nitrogen levels,e. G x N were
significant (P< 0.01 or 0.05) for all studied traits, indicatirfgt genotypes ranks differently from
one nitrogen level to another and that selection ba done under a specific soil nitrogen
environment as proposed by Al-Naggaral. [28-37]. The significant GxN interaction for NUE
was also a good evidence for varying responseheset wheat genotypes at various N levels
[38,39]. The interactions G x Y and G x Y x N weaiso significant (< 0.01 or 0.05) for all

studied traits, indicating that genotypes rankgedifrom one combination of Y x N to another.

Combined analysis of variance of a lattice dedign all studied traits under each
environment (high N and low N) across two seasoms wlso performed ( data not presented).
Mean squares due to genotypes, parents,ard ks under the two levels of nitrogen were highly
significant for all studied traits. Significant fifences among parents of diallel crosses in all
studied traits are pre-requisite for performing thi@lel analysis for estimating the inheritance of
studied traits under different N- application ratean squares due to paremsF's and Fsvs
F.'s were highly significant for all studied traitsdem the two levels of nitrogen, except for
nitrogen uptake efficiency (NUPE) which were nognsficant for k's vs F,'s , indicating the
presence of significant heterosis for all studiedts and the presence of inbreeding effects for
most studied traits. Mean squares due to the ictiera G x Y were highly significant for all

studied traits under the two levels of nitrogergept for NUPE and GPC under low N which were



not significant. Mean squares due to the interacBox Y under high level of nitrogen were
significant or highly significant for 10 studiedhits and non significant for DTH, BYPP, NUE and
GPC. Mean squares due to the interactiofs»Y and E's x Y under high-N were significant or
highly significant for all studied traits, exceptURE for R's x Y and 100GW for 5 x Y, which
were not significant. Mean squares due to the agtéons s x Y and ks x Y were significant or
highly significant for all studied traits under o, except for 100GW, GYPP, NUE, NUPE,
NUTE and GPC for /s x Y and NUE and NUPE for,B x Y. Mean squares due to the
interactions P'ss Fi's x Y and IFsvs F's x Y under the two levels of nitrogen were sigaift
and highly significant for all studied traits, ept&sPC and NHI for Fsvs. F,'s x Y and NHI for
P'svs Fi's x Y. The significance of the interactions ¥d's x Y and Fsvs F,'s X Y indicates that

heterosis and inbreeding effects differ from sedemeason in most studied traits.

2- Mean performance

A comparative summary of means of all studieddraiross all 36 genotypes (6 parents, 15
F.'s and 15 Fs) subjected to two levels of nitrogen conditiamsl across two years is presented in
Table (1). In general, low N caused a significagduction in 7 out of 8 studied traits, namely
GYPP, SPP, 100GW, GPS and HI. Mean grain yieldtglaYPP) was significantly decreased due
to low-N by an average of 18.96, 21.17, and 15.4@%parents, Fs and ks, respectively.
Reduction in grain yield of wheat due to low sadttagen was reported by several investigators. A
positive relationship between N application levalgl the grain yield has already been shown in
many studies [39,40]. Significant reduction in grgield as a result of low-N was associated with
significant reductions in all yield components tsai.e. SPP, 100GW and GPS. These reductions
were relatively high in magnitude for number ofkgsi/ plant (SPP) for parents (23.65%)sF
(23.99%) and §s (43.52%). This indicates that SPP is the motgrdening component of grain
yield / plant of wheat under low-N stress. The imi@oce of this trait (number of spikes or fertile
tillers per plant) in wheat for grain productivitynder abiotic stress conditions was previously
reported by several investigators; e.g. Al-Naggaal. [41]. Al-Bakry et al. [42] observed that
increasing nitrogen application increased the nundabefertile tillers per unit area. Gelet al.
[43] reported that grain yield is closely relatedthe number of spikes per unit area. Fertilized
plots produced more spikes than control. Such respeoan be attributed to the adequate nitrogen
availability which might facilitate the tillering bélity of plants, resulting in a greater spike
population. Ayoubet al. [44] also reported that spike population increaséth 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 to high—-N combinedacross 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




DTH

DT™M

PH(cm)

GPS

100GW(g)

SPP

GYPP(9)

BYPP(g)

HI(%)

NUE(g/9)

NUPE(%)

NUTE(g/g)

GPC(%)

NHI(%)

Average
Reduction%
Average
Reduction%
Average
Reduction%
Average
Reduction%
Average
Reduction%
Average
Reduction%
Average
Reduction%
Average
Reduction%
Average
Reduction%

Average

Reduction%

Average
Reduction%
Average
Reduction%

Average
Reduction%
Average

Reduction%

43.67

14.72

87.94

0.78

128.17

3.13*

81.21

1.74

69.81

13.47*

4.05

12.96**

9.11

18.96**

22.41

18.96**

54.98

12.94**

40.73

6.57**

28.03

.89.56**

26.87

-65.87**

1.07

-14.39**

11.33

21.3%

55.94

0.28

89.61

29.12

64.87

15.57

14.61

56.21

85.11

4.95**

126.17

5.33*

83.96

6.22**

71.76

9.80**

3.84

10.51**

9.14

23.99**

22.83

2117

56.78

12.27**

40.51

8.97**

28.53

-97.60**

29.43

-83.08**

1.00

-3.93

12.64

14.71**

58.08

-3.33

89.04

132.76

25.65

59.29

43.50

13.72

17.13

14.86

56.75

83.49

6.13**

126.69

4.52%*

99.05

3.78**

64.78

12.47**

2.61

21.72%

7.31

43.52**

21.54

15.40**

52.59

11.24**

41.37

3.96

26.91

-84.28**

29.97

-78.70

0.98

-20.21**

12.91

132**

57.73

-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 reauncin biological yield / plant (BYPP)
by 12.49, 12.27 and 11.24%, grain protein cont&R) by 25.06, 29.18, and 23.31% and harvest
index (HI) by 6.57, 8.97 and 3.69% for parentgs fand E's, respectively. It was observed that
low- N caused slight but significant earliness diNDby 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 fiardtis and ks, respectively.

On the contrary, low—N caused increases in theaaes of nitrogen use efficiency (NUE)
by 89.56, 97.60 and 84.28% for parentgs land E's, respectively. Significant increase in NUE
due to low- N stress was associated with significgaecreases in averages of NUPE and NUTE. . In
agreement with these results, Ortiz-Monastetial. [5] also reported significant influence of N
application rate on NUTE in which the highest a@ffitccies were measured at the lowest application
rate. Sinebet al. [45] also found similar results in which they refeol 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 NB387, 83.08 and 78.70%) was much
higher than that in NUTE (14.39, 3.93 and 20.21&%) farents, 5 and ks, respectively. This
indicates that NUPE is the most determinant compboENUE. Al-Naggaret al. [33-37] showed
that N efficiency diminishes as N fertilizer ratesrease. Gorngt al. [46] reported that NUPE,
NUTE and NHI tended to increase under low-N. Acaogdo Le Gouist al., [47] , in wheat, Al-
Naggaret al. [33,37] in maize and Al-Naggaet al. [28,29] in grain sorghum , N uptake in
biomass was the most important factor in NUE deirgation regardless of N level. Abeledoal.
[48] reported that both N conversion and N caphaee played a role in the improvement of NUE.
On the contrary, Gajet al. [49] found that NUPE effect explained only a simahount of
phenotypic variance in NUE amongst cultivars, bW affected it up to 61% and 77% under
high —N low-N, respectively. The differences inuks might be attributed to the different genetic
background of genotypes used in different studiethe present study, it is also observed that low-
N stress caused a significant (but slight) increéagsant height of Fs (6.80%) and 5 (4.80%).

3. Interrelationships
Estimates of simple correlation coefficients betwesach of grain yield /plant (GYPP),

nitrogen uptake efficiency (NUPE) and nitrogeniggition efficiency (NUTE) and other studied
traits across the two seasons under high-N andNlomere calculated across all parentgs nd
F,'s and presented in Table (2). Grain yield/ pldravweed perfect positive association with NUE
(r=1.00) under both high-N and low-N for all grougfsgenotypesi.e., parents, Fs and k's, that is
why the estimates of correlation coefficients betw&YPP and other traits are very close to those

between NUE and the same 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




DTH

DT™M

PH

SPP

GPS

100GW

GYPP

BYPP

HI1%

NUE

NUPE

NUTE

GPC

NHI

DTH

DTM

PH

SPP

GPS

100GW

GYPP

BYPP

HI1%

NUE

NUPE

NUTE

GPC

NHI

0.14
0.23

0.43

0.71**

0.63**

0.07
0.82**
1.00**
0.88**
-0.45**
0.92**

0.32

0.12

0.18

0.05
0.35**
0.30**

0.14

0.42**
0.67**
1.00**
0.80**
0.62**

0.41*

-0.37*

0.96"
0.10
0.22

0.79

0.85**

0.84**

0.88**

0.85**
0.11

0.88**

-0.82%*

0.99**

-0.11

-0.17
0.18
0.16
0.61**
0.07
0.41*
0.08
0.76**
-0.53**
0.08
-0.73**
0.37*

-0.61

Parents

-0.93" 0.51**
-0.05 -0.21
-0.25 -0.75**

-0.97" 0.57*

-0.73** 0.86**

-0.79** 0.36*

-0.45**

-0.73** 0.38*
0.27 0.55**

-0.46** 1.00**

-0.82** 0.83**
0.54**

-.0.76** 0.95**

0.58** -0.47**
F, crosses
0.21* 0.70**
0.35** 0.69**
-0.05 0.52*%*

-0.46** 0.36**

0.17 0.60**
-0.24* -0.22*

0.62**

-0.30** 0.74**

0.86** 0.71**

0.61** 1.00**

-0.73** 0.75**
0.36**

-0.77* 0.44**
0.23 -0.68**

0.15

-0.33*

-0.48**

0.82**

0.91*

0.28*

0.83**

0.40**

0.58**

0.83**

-0.02

0.99**

-0.41*

0.57**

0.60**

0.45**

0.44**

0.28*

-0.07

0.75**

0.69**

0.43**

0.75%*

-0.36**

0.84**

-0.50**

0.66**

0.12

-0.60**

-0.22

0.16

0.21

0.54**

0.50**

0.17

0.54**

-0.02

0.40*

0.55**

0.50**

0.48**

0.57**

-0.45**

0.06

-0.64**

0.06

-0.11

0.51**

0.06

-0.36**

-0.56**

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
DT™M -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 probdility levels, respectively.

The strongest correlations £r 0.90) was observed between grain protein con@®RQ)
which is an expression of grain nitrogen contenj) @hd each of NUPE and NUE (GYPP) for all
genotypes under both environmerits, high-N and low-N.

Concerning the components of grain yield, signiiicand high-in-magnitude correlations
were observed between GYPP and each of GRE(MNB2), HI (0.82), GPS (0.71),100GW (0.63)
and SPP (0.43) across parents, NUPE (0.80), HY(@fAd NUTE (0.62) acrossdg-and HI (0.82)
and SPP (0.32) across's-under high-N and GPS (0.86), GPC (0.95) HI (0.9%P (0.57) and
100GW (0.36) across parents, GPS (0.60), BYPP Y0OHU(0.71), GPC (0.44) and SPP (0.36)
across s and SPP (0.29), GPS (0.24), NUPE (0.39), HI {j0abisl BYPP (0.38) across,$'under
low-N conditions. These results indicate the imgace of SPP, GPS, GPC and NUPE for getting
high grain yield / plant under both high and lowcbhditions. Sinclair and Jamieson [50] reported
that, it is logical that the number of grains proeld is not only important for determining the yield
but is also related to the NUE. However, the rasiafiply that breeding efforts improving yield by
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increasing the number of grains should also rasuigher NUE as well according to Madt al.

[5].

The results indicate also that under low-N, it @sgble to obtain wheat genotypes
(parents, FS and ES) that have high grain yield of high grain protentents. This conclusion
was previously reported by some investigators. Ah&r improvement of grain protein content
under N-limited conditions without substantial deggions in yielding capacity seems to be
possible in bread wheat as suggested by Lapestcale [51] . In other studies, Ayou#t al. [44]
and Ortiz-Monasteriet al. [5] reported negative associations of grain yielth protein content.

Sineboet al. [45] found significant negative correlations of NEWith grain protein content.

Concerning the components of NUE of parents, reqilable 2) showed that NUE had
positive and significant correlations with NUPE .8® and 0,88 ) and negative and significant
correlation coefficients with NUTE ( -0.62 and -6.%under low-N and high-N, respectively. So,
parents data indicate that NUE is based mainly oiPHE, especially under low-N. Data of'$-
showed that NUE is depending only on NUTE undeh+hg(r=0.61) and on NUPE under low-N
(0.75), suggesting that NUE of Rybrids depends more on NUPE under high-N and Nuiéer
low-N. Regarding f populations, data showed that NUE had significard positive, but low-in-
magnitude correlations with NUPE under low-N (r=8).&and high—-N (r=0.24) and not correlated
with NUTE. This indicates that,Fhybrids express their NUE due to NUTE under botlr hnd
high N conditions, with higher degree under low-N.

In general, across all genotypes, NUE depends ynaimNUPE, exceptfs under high-N
which depends on NUTE. Thus under low-N, NUE insesaby increase of NUPE for parentgs F
and Rk's. The same conclusion was valid under high-N,p@arents and 5, but for k's, NUE
increases by increasing NUTE. Numerous studieséted that NUPE accounts for more of the
genetic variation in NUE at low N than at high Noply, e.g. amongst 10 spring wheat cultivars in
Mexico [5] and 20 winter wheat cultivars in Fran@g@]. Moreover, Dhugga and Waines [52]
comparing 12 spring wheats in California, foundt tR&/PE was the most important component of
NUE at all N levels. Genetic gains in NUE with koleey under low N supply have been related
mainly to improvements in NUPE in spring wheat iexXito [5] and Finland [8] and to NUTE in
winter wheat in France [9] and the UK [10] .

In general, grain yield or nitrogen use efficiebyJE) were significantly correlated with
nitrogen uptake efficiency (NUPE) in most caseis torrelation was more pronounced in parents
(0.88 and 0.83) than in Erosses ( 0.80 and 0.75) andcFosses (0.24 and 0.39) under high-N and
low-N, respectively. Harvest index (HI) showed dfigant and positive correlation coefficients in
most cases with GYPP and NUE for parents &nd E's of medium to high magnitude under low-
N and high-N.

Since NUPE and Hshowed strong correlations with NUE or GYPP in thkigdy and
nitrogen translocation efficiency (NTRE) (grain &tél plant N) proved be strongly correlated with
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HI in other studies [33] , grain yield or NUE ofrpats, K's and E's in the present study could
therefore be considered of strong association Wthptake and N-translocation efficiencies.
Similar conclusion was reported by Al Naggaral. [35-37] in maize and Gorngt al. [46] in

wheat.

It is observed that a negative and significantrelation existed between NUPE and
NUTE for parents under high-N (-0.82),'s~under high-N(-0.73) and low-N (-0.36) angsFunder
high-N (-0.91) and low-N (-0.81). This observatisas reported by many previous investigators
(e.g. Gornyet al., [46] ). The two processes (N-uptake and N-wtlan) appear to be governed by
different genetic factors [53-55. For instance lssof extensive molecular studies, on wheat and
maize [51,56-58] revealed that different sets gehes (QTL regions) controlled various
components of the two major measures of N effyeand that expression of the genes (loci) was
considerably dependent upon soil N status. Heheeappearance of the above mentioned negative
relationship between NUPE and NUTE in the examimgatids and their parents may be a genetic
guandary. Most of modern parents of wheat were Idped under enhanced N fertilization with
strong selection for yielding capacity and grairalgy. Thus, such a strategy may have favored
high-yielding genotypes with increased NUTE, but thmse with a high NUPE. This implies that
the proposal of Martret al. [59] to search for genotypes able to translocatiom@dr amounts of
N grains without reducing plant biomass and phatthstic capacity under N shortage has become

particularly challenging for wheat breeders'.

4. Heritability:
4. a. In F, generation:

Broad-sense heritability tf) in F's for all studied traits (except GPC) in this
experiment was of high magnitude and ranged frol¥%1(SPP) to 99.9% (GPS) under high-N
and from 41.0% (NHI) to 100.0% (GPS) under low-Nvimmments (Table 3), indicating that
environment had a small effect on the phenotypéd-tf for most studied traits. Grain protein
content (GPC) trait showed very smaf, value under both high and low N environments (8.52

and 20.00%, respectively), indicating a large gftéenvironment on this trait.

Narrow-sense heritability f) in Fy's (Table 3) was generally of medium magnitude
and ranged from 8.50% (NUTE) to 56.89% (GPS) utigih-N and from 9.00% (NH]I) to 73.55%
(GPS) under low-N. It is observed that GPC trairded 0.0% % under both high- and low- N;

the reason may be because its D value was negdtateis why we considered it zero.

The big difference between broad- and narrow- séesiability estimated from 5
in this experiment could be attributed to the highimates of dominance as compared to additive
component. It is observed that narrow-sense hdiijalh?,) in F/'s of the present study was
generally higher in magnitude under low-N than urdgh-N for all studied traits, except for plant
height. This increase irfhunder low-N compared to high-N was more pronourice8PP, GPS,
GYPP and NUE traitsi.e. the most important components of grain yield amdsequently

nitrogen use efficiency in wheat.
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Table 3. Estimates of heritability in broad (f,) and narrow (h?,) sense and genetic advance
from selection (GA) for studied traits under high aand low-N in F; populations of 15
diallel crosses across two seasons.

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
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% 10.44 5.42 19.62 22.43 5.63 -5.70 1.02

Expected genetic advance (GA) from selection (based% selection intensity) across
two years for I’'s ranged from 0.12% for NHI to 23.9% for HI undégh-N and from 1.02% for
NHI to 23.26% for GPS under low-N. In general, tldues of GA were higher under low-N than
under high-N (for 11 out of 14 studied traits). Thats SPP, GPS, GYPP, BYPP, NUE and NUPE
showed much higher estimates of GA ( 23.25, 2319670, 10.44, 19.62 and 22.43%, respectively)
under low-N than those under high-N (2.50, 15.87155.44, 9.44 and 11.25%, respectively).

4. a. In K, generation:
Broad-sense heritability {f) in F's for all studied traits (except GPC under both

environments and NHI under low N) in this experitnems of high magnitude and ranged from
40.12% (SPP) to 100.00% (GPS) under high-N and 6@171% (100GW) to 100.00% (GPS)
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under low-N environments (Table 4), indicating thatvironment had a small effect on the
phenotype of Fs for most studied traits. In, l|generation, grain protein content (GPC) under both
high and low N environments (13.00 and 20.00%, eetgely) and NHI trait under low-N

(14.30%) showed very smalffvalue, indicating a large effect of environmenttbese traits.

Narrow-sense heritability ¢ in F's (Table 4) was generally of low to high
magnitude and ranged from 2.11% (NHI) to 82.90%%Jénder high-N and from 6.80% (NHI) to
93.00% (GPS) under low-N. It is observed that jis,FGPC trait recorded 0.09%,hunder both
high- and low- N; the reason may be because italDevwwas negative; that is why we considered it
zero. The big difference between broad- and narsemse heritability estimated from's=in this
experiment could be attributed to the high estimaté dominance as compared to additive

component.

It is observed that narrow-sense heritability,XHn F's of the present study was
generally higher in magnitude under low-N than unbigh-N for all studied traits, except for
DTM, 100GW and BYPP. This increase ifi, lunder low-N compared to high-N was more
pronounced in SPP, GPS, GYPP, NUE and NUPE tra@isthe most important components of

grain yield and nitrogen use efficiency in wheat.

Our results of heritability in 5 and E's are in agreement with some researchers, e.g.
Shabanaet al. [60] , Blum [61,62] and Al-Naggaet al. [28-37] , who support the idea that
heritability is higher under stressed than nonssid environment. On the contrary, other

investigators reported that heritability is higlhder good (non-stressed) environment [63-66].

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

C;ﬁgi:zts DTH DTM PH SPP GPS 100GW  GYPP
High-N
h2,% 74.40 61.00 97.41 4012 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;/r:gi:‘;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% for NHI to 20.40% fd?S5under high-N and from 1.70% for DTM
to 28.12% for GPS under low-N (Table 4). In genettad values of GA were higher under low-N
than under high-N ( for 12 out of 14 studied taifBhe traits SPP, GPS, GYPP, BYPP, NUE,
NUPE and NHI showed much higher estimates of G&.0@, 28.12, 23.14,13.00, 23.10, 27.43
and 6.70 %, respectively) under low-N than thosgeurnigh-N (3.20, 20.40, 7.70, 7.00, 7.70, 9.52
and 0.12%, respectively).

These results in;Fand k generations indicated that to improve grain yehd nitrogen
use efficiency traits in the present germplasns iietter to practice selection for these traitdenn

low-N conditions to obtain higher values of selectgain.
5. Alternative screening criteria for NUE

The selection criterion for a given abiotic stréeterance character, such as low-N
tolerance, should be of strong association witbrtsice to low-Ni.e. with nitrogen use efficiency
and of high heritability in narrow-sense under Idweonditions. The results in Tables (2, 3 and 4)
concluded that NUPE, GYPP, GPS, and SPP of pardtilBE, GYPP, BYPP, DTH and GPS of
Fi's and NUPE, HI, BYPP, SPP and GPS ¢§ Rad strong associations with high nitrogen use

efficiency.

The importance of number of spikes (fertile tilleper plant) in wheat for grain
productivity under abiotic stress conditions wasvusly reported by several investigators [41] .
CIMMYT breeders found that maize grain yield undew-N was closely related to some
secondary traits such as improved N-uptake effayiemigh plant nitrate content, high-specific
leaf-N content and late leaf senescence [3, 65se€ results for NUPE and SPP are in consistency
with those reported by Al-Naggat al. [30,31,33-37].

Numerous studies indicated that NUPE accounts fmerof the genetic variation in NUE
at low N than at high N supply, e.g. amongst 10dngpwheat cultivars in Mexico [5] and 20

winter wheat cultivars in France [47] . Moreoverugha and Waines [52] comparing 12 spring
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wheats in California, found that NUPE was the niogiortant component of NUE at all N levels.
Genetic gains in NUE with breeding under low N dyppave been related mainly to
improvements in NUPE in spring wheat in Mexico [8hd Finland [8] , but to NUTE in winter
wheat in France [9] and the UK [10] . Differendesesults could be attributed to genotypes used
in different studies; that might differ in genestolling NUPE and genes controlling NUTE.

Harvest index (HI) and nitrogen harvest index (NpHpvide a means for determining the
allocation of important nutrients within the pldisisues to grain during reproductive growth. Since
NUPE and Hlshowed strong correlations with NUE or GYPP in tkisidy and nitrogen
translocation efficiency (NTRE) (grain N/total ptaN) proved be strongly correlated with HI in
other studies [33] , grain yield or NUE of pareriigs and E's in the present study could therefore
be considered of strong association with N-uptake &-translocation efficiencies. Similar
conclusion was reported by Al-Naggaral. [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~under high-N (-0.73) and low-N (-0.36) argsRunder
high-N (-0.91) and low-N (-0.81). Both processes,uptake and N-utilization, appear to be
governed by different genetic factors [53-55] . iFmtance results of extensive molecular studies ,
on wheat and maize [51, 56-58] revealed that wiffe sets of genes (QTL regions ) controlled
various components of the two major measures oéffidiency, and that expression of the genes
(loci ) was considerably dependent upon soil NustaHence, the appearance of the above
mentioned negative relationship between NUPE and'®lih the examined hybrids and their
parents may be a genetic quandary. Most of moderengs of wheat were developed under
enhanced N fertilization with strong selection falding capacity and grain quality. Thus, such a
strategy may have favored high-yielding genotypéth wicreased NUTE, but not those with a
high NUPE. This implies that the proposal of Martteal. [59] to search for genotypes able to
translocation of larger amounts of N grains withoetlucing plant biomass and photosynthetic
capacity under N shortage has become particuladilenging for wheat breeders.

Selection based on improved performance under lolwabed on NUE alone has often
been considered efficient, but the use of seconttaits can increase selection efficiency [33] .
Plant breeders have advocated the judicious incatipo of secondary traits within breeding
programs [61,62] .Results of the present study esigthat to maximize the genetic gain from
selection, for improving NUE in wheat and consedlyegrain yield under low-N, future research
should focus on the incorporation of secondarydraiich as NUPE, GYPP, SPP and GPS in the

selection programs along with NUE trait.
CONCLUSION

The results of this study indicated that GYPP, G8BP and NUPE of parents, GYPP,
NUPE, BYPP, DTH and GPS of'§ and HI, NUPE, BYPP, SPP and GPS g$ lare considered
selection criteria for high nitrogen use efficien®UE). Nitrogen uptake efficiency (NUPE) is a
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common selection criterion for NUE in all studiegngtypes,i.e. parents, Fs and Es.
Grains/spike (GPS) as a selection criterion foingyéeld/plant (GYPP) is also selection criterion
for NUE, since GYPP is perfectly correlated with ElUMoreover, spikes/plant (SPP) is strongly
correlated with both GYPP and NUE in parents ag'sl Rll these selection criteria (NUPE, GYPP,
SPP and GPS) have high heritability in narrow searg® could be offered to wheat breeders for
use in selection programs for getting high selectiain when improving nitrogen use efficiency.
Results suggest that future research should foough® incorporation of such secondary traits
(NUPE, GYPP, SPP and GPS) in the selection progedomg with NUE trait in order to maximize

the genetic gain from selection for improving whisatE.
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