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Abstract

The experiment was conducted to assess the effects of nitrogen (N) rate and time 
of application on N use efficiency (NUE) of bread wheat, and their association with 
grain yield and protein content. Factorial combinations of four N levels, two bread 
wheat varieties and three timings of N applications were laid out in a randomized 
complete block design. N rate significantly influenced grain yield, protein content, 
N uptake efficiency, N biomass production efficiency, N utilization efficiency, N use 
efficiency for grain and N use efficiency for protein yield. Time of N application had 
highly significant effect on grain yield, protein content and NUE traits. Rate of N 
application and variety were significantly interacted to influence grain yield. Grain 
yield for Madda Walabu found sharply increase with each increase in N application 
rate. The improved variety provided significantly higher grain yield, N utilization 
efficiency and N use efficiency for grain yield (NUEGY) when N was applied 1/4 
at planting, 1/2 at mid-tillering, and 1/4 at anthesis. Variations in NUEGY were 
explained more by the variations in N uptake efficiency. Harvest index contribution 
to NUEGY was higher for the local variety. Although NUE significantly decreased 
with increasing N rates, yield response of the varieties did not plateau out.
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1. Introduction

Wheat is one of the most important cereal crops glob-
ally and is a staple food for about one third of the 
world’s population (Hussain et al., 2002). In Ethio-
pia, it is grown annually on 1.68 million ha with a 
total production of 3.08 million tons which makes the 
country the largest wheat producer in sub-Saharan Af-
rica (CSA, 2010). Wheat provides more protein than 
any other cereal crops (Iqtidar et al., 2006). However, 
the global challenge for wheat nutrition is to increase 
grain yield while maintaining its protein (Tilman et 
al., 2002). Wheat yield and end-use quality depend 
upon the environment, genotype, and their interac-
tions. Low soil fertility, especially nitrogen (N) defi-
ciency, is one of the major constraints limiting wheat 
production in Ethiopian Highlands (Tanner et al., 
1993; Teklu and Hailemariam, 2009). Thus, increased 
usage of N fertilizer is considered to be a primary 
means of increasing wheat grain yield and protein 
content in these areas. 

 High levels of N supply results in a higher protein 
content, but increased efficiency of utilization is real-
ized when concentration in the kernels increases and 
grain yield remains stable (Ortiz-Monasterio et al., 
1997). Reports have shown that about 50% of applied 
N fertilizer remains unavailable to a crop due to N 
losses (Zafar and Muhammad, 2007). Legg and Meis-
inger (1982) also reported that not more than 50 to 
60% of applied N is usually recovered under average 
field conditions, and efficient timing and placement of 
N could increase recovery of applied N up to 70 or to 
80 %. In Ethiopia, erratic seasonal rainfall, inadequate 
availability of other nutrients, nitrate leaching during 
the short but heavy rainy seasons, ammonia volatil-
ization and continuous removal in the cereal mono-
cropping systems of the highlands may be the major 
factors that result in inefficient use of N fertilizer. 

Proper N application timing and rates are critical for 
meeting crop needs, and indicate considerable oppor-
tunities for improving N use efficiency (NUE) (Dhug-
ga and Waines, 1989; Blankenau et al., 2002). Growth 
stage of plants at the time of application determines 
NUE. Reports have shown that split N application 
in the later stages was effective in attaining higher 
N uptake efficiency (Kumari et al., 2000; Ashraf and 
Azam, 1998). NUE, grain yield produced per unit of 
N supply, is a complex trait comprising N uptake ef-
ficiency (NUPE) and N utilization efficiency (NUTE) 
(Moll et al., 1982; Ortiz-Monastero et al., 1997). 
NUPE reflects the ability of the plants in obtaining 
N, while NUTE reflects the efficiency with which the 
crop utilizes N in the plant for the synthesis of grain 
yield. Tran and Tremblay (2000) reported that wheat 
NUPE was lower in the early applications at planting 
and tillering than application in the later crop growth 
stage. The amount of economic yield, therefore, in-
creased by increasing NUPE and NUTE through ef-
ficient N application that decreases N losses from the 
soil-plant system (Muurinen, 2007). 

 Cultivars can differ in NUE as a result of differ-
ences in the absorption of nitrate (Rodgers and Bar-
neix, 1988) and N remobilization (Van Sanford and 
MacKown, 1986). However, improved varieties are 
often developed without considering their ability to 
grow and yield under low soil nutrient status, and 
have been selected for high yields under high nutrient 
input conditions (Wissum et al., 2009). Feil (1992) 
indicated that varieties producing large amounts of 
biomass seemed to have more NUPE, which could 
decrease NUTE thereby also decreasing total NUE of 
modern varieties. Genetic variation highly influences 
NUTE (Singh and Arora, 2001), which particularly 
depends on harvest index (HI) and N biomass pro-
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duction efficiency (NBPE) (Ortiz-Monasterio et al., 
1997). However, selection for higher HI may reduce 
the N storage capacity of the grain, since reduction 
in protein has been associated with high NUTE (Or-
tiz-Monasterio et al., 1997; Feil, 1997). On the other 
hand, reports have shown that NBPE has remained 
more or less unchanged during genetic improvement 
(Ortiz-Monasterio et al., 1997). 

 In Ethiopia, wheat is grown during the high rain-
fall season and losses of applied N through leaching 
may be decreased through proper rate and timing of 
N application. Limited research has been done on the 
effects of N rate and time of application in relation to 
genetic variations for NUE. Such studies may give a 
clue for enhancing grain yield and protein content of 
the crop through manipulating rates as well as tim-
ings of N application and/or plant breeding. Hence, 
this study was initiated to study the variations in NUE 
traits, and their association with grain yield and pro-
tein content of local and improved bread wheat variet-
ies under different N rates and time of applications.  

2. Materials and Methods

2.1 Description of the experimental site 

The experiment was conducted at Adaba (located at 
7o01’ N, 39o24’ E), West Arsi zone of Oromia Region, 
during the 2010 main cropping season. The elevation 
ranges from 2300 to 2600 m.a.s.l and the area is char-
acterized by mono-modal rainfall. The area is known 
for its extensive wheat production and often referred 
to as “the wheat grain belt of the country”. 

 Weather data recorded at the experimental site 
indicated moderate annual rainfall across the years 
and distribution during the cropping season. The area 
received an annual rainfall of 891mm during the crop-
ping season (January-December, 2010) which was 
higher than the mean annual rainfall of the previous 

sixteen years. Mean maximum and minimum tem-
peratures recorded at the station during the season 
were 23.8oC and 8.2oC, respectively. High amounts of 
rainfall occur from June (planting month) to August 
(month of second split N application) of the cropping 
season. Rainfall of 113 mm was received in the month 
of September when the third split of N was applied. 

2.2 Treatments and experimental design

The treatments consisted of four levels of nitrogen 
(30, 60, 90 and 120 kg N ha-1), two bread wheat va-
rieties and three timings of N application. The two 
bread wheat varieties [(Madda Walabu (HAR-1480) 
and Hollandi (local)] were selected based on differ-
ences in their morphological characteristics and yield 
potential. Madda Walabu is a CIMMYT origin semi-
dwarf improved variety while Hollandi is a local va-
riety which is also used for crossing in the breeding 
programme. Madda Walabu is high yielding, well 
adapted and widely grown in the area both by small-
holder farmers and large scale commercial producers. 
The timings of N application were adjusted according 
to Zadoks decimal growth stage for wheat (Zadoks et 
al., 1974) at the time when moisture is available for 
nutrient dissolution and absorption. Accordingly, the 
timings were adjusted as: T1 = 1/2 dose at planting and 
1/2 dose at mid-tillering, T2 = 1/4 dose at planting, 1/2 
dose at mid-tillering and 1/4 dose at anthesis and T3 = 
1/3 dose at planting, 1/3 dose at mid-tillering and 1/3 
dose at anthesis. Two additional treatments of 0 kg N 
ha-1 (controls), one for each variety, were included for 
the determination of NUE traits.

 Consequently, the experiment was laid out in ran-
domized complete block design (RCBD) with facto-
rial arrangements of 4 x 2 x 3 = 24 treatment combi-
nations together with the 2 controls making a total of 
26 treatments and replicated three times. The size of 
each plot was 2.2 m x 3.0 m (6.6 m2) and the distance 



Journal of Soil Science and Plant Nutrition, 2012, 12 (3), 389-409

392       Haile et al.

between the plots and blocks were kept at 0.5 m and 1 
m apart, respectively. Each plot consisted of 11 rows. 
The net central unit areas of each plot consisting of 7 
central rows of 1.5 m length each (2.1 m2) were used 
for data measurements. 

2.3 Experimental procedures

Field activities and treatment application 

All field activities were carried out following the stan-
dard production practices. Seeds were sown by uni-
formly drilling in to rows at the recommended rate 
of 150 kg ha-1. N fertilizer in the form of urea (46% 
N) and phosphate fertilizer in the form of triple su-
per phosphate (TSP) (46% P2O5) were used for the 
study. Phosphate fertilizer at the recommended rate of 
46 kg P2O5 ha-1 was applied equally to all plots by 
surface broadcasting and mixing with the soil at plant-
ing. Similarly, for the N application at planting urea 
was broadcasted and incorporated into the soil. The 
second and third N fertilizer applications as dry urea 
were done by top-dressing at the specified Zadoks 
growth stages. All broad leaf and grass weeds were 
removed by hand weeding. Additionally, weeding of 
late-emerging weeds was done to avoid competition 
with the crop plants for applied N. In order to avoid 
damage and variability due to outbreak of rust disease 
which often occur in the area, fungicide (Tilt 250 EC) 
was applied at the rate of 0.5 L ha-1 immediately at the 
start of disease appearance.

Soil sampling and analysis

One composite soil sample per replication, each made 
from five sub-samples, was collected from the depth 
of 0-30 cm before planting. The samples were air-
dried, ground using a pestle and a mortar and allowed 
to pass through a 2 mm sieve. The samples were ana-

lyzed for selected physico-chemical properties mainly 
organic carbon, total N, soil pH, available phospho-
rus (P), cation exchange capacity (CEC) and textural 
analysis using standard laboratory procedures.

Organic carbon content was determined by the 
volumetric method (Walkley and Black, 1934) as de-
scribed in Food and Agriculture Organization of the 
United Nations (FAO) guide to laboratory establish-
ment for plant nutrient analysis (FAO, 2008) using 
1.0 g of the prepared soil sample. Total soil N was 
analyzed by Micro-Kjeldahl digestion method with 
sulphuric acid (Jackson, 1962). The pH of the soil 
was determined according to FAO (2008) using 1:2 
(weight/volume) soil sample to CaCl2 solution (0.01 
M) ratio using a glass electrode attached to a digital 
pH meter. CEC was measured after saturating the soil 
with 1M ammonium acetate (NH4OAc) and displac-
ing it with 1M NaOAc (Chapman, 1965). Available 
P was extracted by the Olsen method, and P analysed 
with a spectrophotometer (Olsen et al., 1954). Particle 
size distribution was done by hydrometer method ac-
cording to FAO (2008). 

Straw  nitrogen and grain protein analysis

Straw N concentration was determined by Micro-
Kjeldahl digestion method as indicated in FAO guide 
to laboratory establishment for plant nutrient analysis 
(FAO, 2008). At maturity representative samples of 
non-grain above ground plant parts (stems, leaves and 
chaff) were obtained from the central unit areas of 2.1 
m2. The plant samples were washed with distilled wa-
ter, oven dried at 70 °C to a constant weight and the 
dry weight measured using an electronic balance. The 
samples were ground by a rotor mill and allowed to 
pass through a 0.5 mm sieve to prepare a sample of 
10 g. For the digestion with H2SO4 (0.1 N) containing 
digestion mixture (10 parts potassium sulphate and 1 
part copper sulphate), 1 g of each treatment’s ground 
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Where, GDWf = grain dry weight of fertilized 
treatment
GDWc = grain dry weight of control treatment

2.5 Statistical analysis

Analysis of the contributions of component traits to 
the resultant NUE trait were carried out as presented 
by Moll et al. (1982) and Dhugga and Waines (1989). 
If Yn is the log of a resultant trait and X1n, X2n, X3n, X4n 

the logs of component traits at the nth N level, then 
taking logarithms of these expressions yields the fol-
lowing identities: 

Y1 =X1 +X2 + X3

Y2 = X4 + X2 + X3

in which Y1 = log(NUEGY), Y2 = log(NUEPY), X1 = 
log(GDW/TDW), X2=log(NBPE), X3=log(NUPE), 
X4=log(GNY/TDW).

The sum of cross products divided by the sum of 
squares of Y1 and Y2 at nth N level, i.e., ∑XinYn/∑Yn

2 
represent the net contributions of each component 
traits to the dependent trait both directly and indirect-
ly through the other variables. This can also be ex-
pressed as: ∑XinYn/∑Yn

2 = (rXinYn)(SXin/SYn), where rXinYn  
is a correlation coefficient between Xin and Yn, and 
SXin and SYn are the standard deviations for Xin and Yn, 

sample were used. Likewise, total grain N contents of 
treated and untreated plots were estimated from 1 g 
dry flour samples by digestion method of Micro-Kjel-
dahl’s apparatus according to American Association 
of Cereal Chemists (AACC) (AACC, 2000).

2.4 Data measurements

Grain yield and protein content

Grain Yield (kg ha-1):- It was measured from the har-
vested central unit areas of 2.1 m2. The samples were 
cleaned following harvesting and threshing, weighed 
using an electronic balance and adjusted to 12.5% 
moisture content.
Grain Protein Concentration (%):- the protein con-
tent of flour dry samples taken from the harvested 
grain yields of each treatment was calculated as % 
protein = % N x 5.7 (AACC, 2000)

Nitrogen use efficiency traits

Total N in the straw and grain samples were used to 
analyze N use efficiency and its component traits ac-
cording to an expanded model of Moll et al. (1982) 
and Ortiz-Monasterio et al. (1997). 

Where, Ntf = total above-ground N content at matu-
rity of fertilized treatment
Ntc = total above-ground N content at maturity of con-
trol treatment
Ns = N supplied

                                                 

Where, TDWf = total dry weight of fertilized treatment
TDWc = total dry weight of control treatment

-
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respectively. This analysis describes the net contribu-
tion of each component variable, both directly and 
indirectly through the other variable.

Analyses of variances for the data measured were 
conducted using the SAS GLM procedure. The sig-
nificance differences between treatments mean values 
of each characteristic were computed using Duncan’s 
Multiple Range Tests. Pearson’s correlation analysis 
was done using Minitab software to determine asso-
ciations between selected traits. 

3. Results and discussion

3.1 Soil physico-chemical properties 

Selected physico-chemical properties were analysed 
for composite surface soil (0-30 cm) samples collect-
ed from each replication before planting. The results 
indicated that texture of the soil in the experimental 
site is dominated by clay (sand 14%, silt 21% and clay 
64%). According to the soil textural class determina-
tion triangle, soil of the experimental site was found 
to be clay. High clay content may indicate the better 
water and nutrient holding capacity of the soil in the 
experimental site.

The soil sample had marginal available P (13.26 
ppm) which indicates that some P fertilizer is re-
quired for optimum crop growth and yield (FAO, 
2008). The soil reaction of the experimental site was 
nearly neutral (pH = 6.9). According to FAO (2008) 
suitable pH for most crops is between 6.5 and 7.5 
where N availability is optimum.Percent organic 
carbon content of the soil was 2.17%. The result 
showed that, according to Roy et al. (2006), the soil 
had low organic matter content (3.74%) indicat-

ing low potential of a soil to supply N to plants as 
organic matter can be used as an index of N avail-
ability. The CEC of the soil sample was high (53.2 
cmol kg-1 soil). Analysis of soil samples from plant-
ing depth indicated very low level of total N (0.11%) 
indicating that the nutrient may be a limiting factor 
for wheat production in the area. 

3.2 Effects of nitrogen rate and time of application 
on grain yield 

Grain yield was significantly influenced by the main 
effects of N rate, time of N application and variety. It 
was also significantly (p ≤ 0.01) affected by the in-
teractions of both N rate and time of application with 
variety. The mean values for the varieties across all N 
rates and times of application resulted in 24.1% higher 
grain yield of the improved variety (Madda Walabu) 
compared with the local variety (Hollandi; Table 1). 
The mean grain yield obtained from Madda Walabu 
at 0 kg N ha-1 was 31.6% higher than the mean grain 
yield of Hollandi at the same N application rate (data 
not shown). This indicates differences in the genetic 
background of the two varieties for yield potential. 
There were large yield reductions in the varietal con-
trols compared with fertilized plots. Variety x N ap-
plication rate indicated progressive increases in grain 
yields of the varieties with the increase in N rates in 
which the maximum yields for both varieties were at-
tained at the highest level of N application (120 kg N 
ha-1). However, the maximum yield of the Hollandi 
variety was 25.7% less than the maximum yield of 
Madda Walabu at the highest rate of N application, 
indicating the genetic differences in yield potential 
between the two varieties.
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Table 1. Grain yield of bread wheat as influenced by N rate and time of application at Adaba, 2010 main cropping 
season

Grain yield (kg ha-1)
Variety (V) Madda Walabu Hollandi Mean
N rate (kg ha-1) (NR)
30 3818.51d 2975.03f 3396.77
60 4037.65c 3225.28e 3631.47
90 4594.37b 3337.02e 3965.69
120 4880.13a 3624.10d 4252.12

V NR V x NR
SE ± 38.03 53.78 76.06
CD 108.30 153.10 216.50
N application time (NT)
½P and ½MT 4275.90b 3277.44c 3776.67

¼P, ½MT and ¼A 4605.27a 3292.54c 3948.91

⅓P, ⅓MT and ⅓A 4116.82b 3301.10c 3708.96
Mean 4332.66 3290.36

V NT V x NT
SE ± 38.03 46.58 65.87
CD 108.30 132.6 187.50
CV (%) 5.99

 
Where, P, MT and A indicate N application at planting, mid-tillering and anthesis, respectively; NS = non-sig-
nificant; CD = critical difference. Variable means followed by the same letters are not significantly different  
(p ≤ 0.05) according to Duncan’s Multiple Range Tests.

The interaction effect between N application rate and 
variety showed significant yield increase for Madda 
Walabu with each increase in N application rate. On 
the other hand, yield of Hollandi was significantly in-
fluenced when N rate was changed between the two 
lower rates and the two higher rates, but was not af-
fected when the rate changed between 60 and 90 kg 
N ha-1. Grain yield of Hollandi at the highest N rate 
was lower than the yield of Madda Walabu obtained 
at zero N application. Time of N application interac-
tion with variety also resulted in higher yield perfor-
mance of Madda Walabu. N applications of 1/4 at 

planting, 1/2 at mid-tillering and 1/4 at anthesis (¼P, 
½MT and ¼A) resulted in significantly higher grain 
yield of Madda Walabu than the other N application 
timings. Thus, the yield of Madda Walabu obtained 
in the N application of ¼P, ½MT and ¼A was signifi-
cantly higher than the grain yield of the same variety 
obtained in the N application of 1/2 dose at planting 
and 1/2 dose at mid-tillering (½P and ½MT) by about 
7.2%. 

Similarly, the grain yield of Madda Walabu ob-
tained in the N application of ¼P, ½MT and ¼A was 
significantly higher than the grain yields of the same 
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variety obtained for the treatment of three time of 
N application with 1/3 dose at planting, 1/3 dose 
at planting and 1/3 dose at anthesis (⅓P, ⅓MT and 
⅓A) by about 10.2%. Corroborating these results, 
Brian et al. (2007) reported higher grain yield when 
N was applied in three splits (at pre-planting, tiller-
ing and post anthesis) compared with two splits (at 
pre-planting and tillering) and one time application 
(at pre-planting). Tilahun Gelato et al. (2008), on 
the other hand, reported for wheat grown in south-
eastern Ethiopia that two split application of nitro-
gen at planting and tillering resulted in significantly 
higher grain yield.

Grain yield of Hollandi was unaffected by time 
of N application. The poor yield performance of the 
local variety under different N rates and time of ap-
plication might be attributed to its low genetic poten-
tial for grain yield and its lower response to increased 
N availability. Higher response of Madda Walabu 
to different times of N application may indicate the 
growth and yield enhancing effect of applying N in 
three splits of ¼P, ½MT and ¼A. This may be attrib-
uted to the synchrony between the time of high need 
of the plant for N uptake and the time of availabil-
ity of sufficient N in the soil at the specified growth 
stages. The yield enhancing effect of the three split 
applications of N on the variety may also be attributed 
to reduction in loss of nitrate by leaching during the 
wet growing season. Thus, at the time of high need 
for N, the plant may have taken most of the nitrate 
from the soil, leaving less of it available for leaching 
by the percolating rain water. Reports indicated that 
in-season N application improves synchrony between 
crop demand and nutrient supply, especially in high 
rainfall areas where nitrate leaching is very common, 
was meant to enhance crop yield by improving N use 
efficiency (Zafar and Muhammad, 2007). 

Grain yields for both varieties were higher at the 
highest level of N supply, indicating that the optimum 

yield may not have been realized as the response did 
not apparently plateau out. This means that the po-
tential for further yield increases may have existed if 
higher N rates than 120 kg N ha-1 were applied. The 
highest rate of N fertilizer used in this experiment was 
almost twice as much as the N fertilizer rate recom-
mended and used by farmers for wheat, which is 64 
kg N ha-1 (Bekele et al., 2000). Currently, the average 
yield of the crop on farmers’ fields in the area is 2.0 ton 
ha-1 (CSA, 2010). Thus, there could be more potential 
to increase the productivity of both varieties if farmers 
use higher rates of N fertilizer with three split applica-
tions of ¼P, ½MT and ¼A.  However, it has been re-
ported that farmers in the area apply urea only once or 
twice (Bekele et al., 2000) contributing to lower yield 
of the crop. Perhaps a higher rate applied once would 
be wasted resulting in low economic benefits.

3.3 Effects of nitrogen rate and time of application 
on grain protein content  

Grain protein content was found to be significantly 
influenced by N application rate, variety, N time of 
application and variety interaction with N time of 
application. However, the varieties did not differ 
in grain protein content under different N rates as 
variety interaction with N rate was non-significant. 
Grain protein content under different N applica-
tion rates ranged from 12.40 to 13.09% (Table 2). 
The highest grain protein content (13.09%) was ob-
tained at the highest N rate (120 kg N ha-1). Over 
all, grain protein content was found to increase with 
increasing N application rate. However, there were 
no differences in grain protein content at N rates of 
30 to 90 kg ha-1 and 90 to 120 kg ha-1. Comparing 
the two varieties across all N rates and time of ap-
plications, the local variety had higher grain protein 
content (13.37%). Under no N application, the local 
and improved varieties had grain protein contents of 
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12.06% and 11.80%, respectively, indicating the dif-
ference in genetic backgrounds for the trait. Other 
authors, Brian et al. (2007), also reported an increase 
in grain protein concentration with N levels. Genetic 
variation for grain protein content in which older 

varieties provided higher protein was also reported 
by May et al. (1991). In contrast to the findings of 
this study, Cooper et al. (2001) reported significant 
effect of variety x N rate interaction on wheat grain 
protein content.

Table 2. Grain protein content of bread wheat as influenced by N rate and time of applications at Adaba, 2010 
main cropping season

Grain protein content (%)
Variety (V) MaddaWalabu Hollandi Mean

N rate (kg ha-1) (NR)

30 11.96 12.84 12.40b

60 12.13 13.05 12.59b

90 12.14 13.54 12.84ab

120 12.14 14.05 13.09a

V NR V x NR
SE ± 0.12 0.16 0.23
CD 0.33 0.47 NS
N application time (NT)
½P and ½MT 11.93d 12.78bc 12.36
¼P, ½MT and ¼A 12.30cd 13.17b 12.73
⅓P, ⅓MT and ⅓A 12.04d 14.15a 13.10
Mean 12.09b 13.37a

V NT V x NT
SE ± 0.12 0.14 0.20
CD 0.33 0.41 0.57
CV (%) 5.88

Where, P, MT and A indicate N application at planting, mid-tillering and anthesis, respectively; NS = non-sig-
nificant; CD = critical difference. Variable means followed by the same letters are not significantly different  
(p ≤ 0.05) according to Duncan’s Multiple Range Tests.

The interaction of variety with N time of application 
showed significantly higher grain protein response of 
variety Hollandi when N was applied in three times 
equal split at planting, mid-tillering and anthesis. N 
applications of ½P and ½MT, and ¼P, ½MT and ¼A 
on Hollandi provided lower grain protein contents. 
Variety Madda Walabu, on the other hand, showed no 

significant variations in grain protein response to N ap-
plication in the season. Mean values for grain protein 
indicated lower grain N concentration for protein for-
mation of variety Madda Walabu compared to Hollandi 
in response to N application timings. In other studies, 
similar findings indicating lower grain protein concen-
tration due to early N application at planting and tiller-
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ing compared to split N application up to anthesis were 
reported by Ayoub et al. (1995) and Brian et al. (2007).

3.4 Effects of nitrogen rate and time of application 
on nitrogen use efficiency traits 

Nitrogen uptake efficiency 

Nitrogen uptake efficiency (NUPE) was significantly 
influenced by N rate, time of N application as well as 
the interaction effect of variety and N rate. However, 
varietal differences in recovering the applied N and 
interaction with time of application were not signifi-

cant. Mean values of NUPE in the N rate x variety 
interaction ranged from 41.08% at 120 kg N ha-1 and 
72.33% at 30 kg N ha-1 (Table 3). The interaction ef-
fect indicated that NUPE of both varieties declined 
with increasing N rate. The highest NUPE of 72.33% 
for Madda Walabu and 67.98% for Hollandi were re-
corded at 30 kg N ha-1. The lowest N uptake efficien-
cies, 41.08% for Madda Walabu and 45.91% for Hol-
landi, were recorded at the highest N rate (120 kg N 
ha-1). Madda Walabu had shown sharp and significant 
decline in uptake efficiency with each increase in N 
rate while Hollandi resulted in no significant differ-
ences when the rate changed from 60 to 120 kg N ha-1. 

Table 3. Nitrogen uptake efficiency of bread wheat as influenced by N rate and time of applications at Adaba, 
2010 main cropping season.

N uptake efficiency (%)
Variety (V) Madda Walabu Hollandi Mean
N rate (kg ha-1) (NR)

30 72.33a 63.63b 67.98

60 53.47c 51.49cd 52.48
90 47.71d 46.55d 47.13
120 41.08e 45.91de 43.50

V NR V x NR
SE ± 0.91 1.28 1.82
CD NS 3.66 5.17
N application time (NT)
½P and ½MT 48.15 48.54 48.34b

¼P, ½MT and ¼A 58.41 53.58 55.99a

⅓P, ⅓MT and ⅓A 54.38 53.58 53.98a

Mean 53.65 51.90

V NT V x NT
SE ± 0.91 1.11 1.57
CD NS 3.17 NS
CV (%) 10.32

Where, P, MT and A indicate N application at planting, mid-tillering and anthesis, respectively; NS = non-sig-
nificant; CD = critical difference. Variable means followed by the same letters are not significantly different  
(p ≤ 0.05) according to Duncan’s Multiple Range Tests
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Significant decline in NUPE for Hollandi occurred 
when the N rate was raised from 30 to 60 kg N ha-1. 
The results showed that the Madda Walabu had signif-
icantly higher N uptake efficiency at the lower level 
of N. However, the varieties did not significantly dif-
fer in recovering the applied N at higher rates, i.e., 
60, 90 and 120 kg N ha-1. Corroborating these results, 
Moll et al. (1982), Ortiz-Monasterio et al. (1997), and 
Sinebo et al. (2004) also reported that N uptake ef-
ficiency was higher at lower rates of N application but 
drastically decreased with further increases in the rate 
of the nutrient. In-season application indicated higher 
uptake efficiency of N by the crop when the fertilizer 
was applied in three splits regardless of the amount 
of the dose at each time. Thus, compared to the two 
split N applications at planting and mid-tillering, the 
three split applications resulted in significantly higher 
uptake efficiencies. Compared to the NUPE of wheat 
plants grown with N applications ½P and ½MT, the 
efficiency of wheat plants grown with N applications 
of ¼P, ½MT and ¼A was superior by 13.7%. 

The result, generally, indicated a greater effect of 
N rate and application timing on NUPE, and less va-
rietal differences for the trait. Similar efficiencies of 
the varieties across all N supply and in response to 
application timing might indicate the lack of genetic 
variability for the trait between them. Corroborating 
these results, Ortiz-Monasterio et al. (1997) and Tran 
and Tremblay (2000) also indicated lower NUPE in 
the early applications of N fertilizer at planting and 
tillering compared to applications in the later stage of 
crop growth. Wuest and Cassman (1992a) reported 
NUPE values of 30 to 55% when N was applied at 
planting and 55 to 80% when N was additionally ap-
plied at anthesis. The non-significant varietal differ-
ence for NUPE in this study is also in agreement with 
the findings of Moll et al. (1987) who reported less 
genetic variations and suggested that the trait would 
not be a breeding goal to modify. In contrast, how-

ever, Van Sanford and MacKown (1986) and Dhugga 
and Waines (1989) reported that there were genetic 
variations among plants for N uptake efficiency. 

Nitrogen biomass production and utilization 
efficiencies

Analysis of variance for N biomass production effi-
ciency (NBPE) indicated highly significant influence 
(p ≤ 0.001) of N application rate and variety. The trait 
was not influenced by time of N application and the 
interaction effect of variety with both N rate and time 
of application. On the other hand, N utilization ef-
ficiency (NUTE) was significantly influenced by N 
rate, time of N application, and interaction of variety 
with time of N application. The varieties did not dif-
fer significantly in utilizing the total plant N for grain 
yield. The interaction effect of N rate with variety also 
indicated similar NUTE of the varieties at all rates of 
application. 

N biomass production efficiency at different N 
rates ranged from 59.70 to 83.44 kg kg-1 N at the rates 
of 30 and 120 kg N ha-1, respectively. The efficiency 
generally declined with the increasing rate of N appli-
cation. Compared to N application rate of 30 kg N ha-1, 
the application rate of 120 kg N ha-1 resulted in 28.5% 
lower NBPE indicating higher biomass yield per unit of 
total plant N at the lower rate. Thus, the result indicated 
higher efficiency of the crop in exploiting total plant N 
for biomass yield when it was supplied by the lower N 
rate. Averaged over all N rates and time of application, 
Madda Walabu had 27.9% higher biomass production 
per unit of total plant N compared with Hollandi. The 
result is in line with that of Roberts (2008), who in-
dicated higher efficiency of N in biomass production 
under the application of lower levels of nitrogen. Van 
Sanford and MacKown (1986) reported N biomass 
production efficiency ranging from 66.5 to 91.4 kg kg-1 
N for wheat genotypes supplied with different N rates. 
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In-season N application of ¼P, ½MT and ¼A resulted 
in significantly higher NBPE. Two times equal split 
applications at planting and mid-tillering, and three 
times equal split applications at planting, mid-tillering 
and anthesis, on the other hand, resulted in similar and 
significantly lower efficiency of N in biomass produc-
tion. Consistent with these results, Jan et al. (2010) 
also reported higher efficiency of N biomass produc-
tion in wheat when N was supplied in three splits (at 
planting, tillering and stem elongation) compared to 
single application at planting and two split applica-
tions at planting and tillering.

The mean value for NUTE under different N ap-
plication rate ranged from 27.10 kg kg-1 N in the high-
est N rate to 39.27 kg kg-1 N in the lowest N rate. This 
indicates that the plant produced about 27 kg wheat 
grain yield per 1 kg of total plant N and about 39 kg 
wheat grain yield for every kg N it had in the total 
biomass, respectively. Utilization efficiency of the 
total above ground plant N for grain yield at 30 kg 
N ha-1 was higher by 31.0% compared with the effi-
ciency obtained at 120 kg N ha-1. The efficiency sig-
nificantly dropped when N application rate changed 
from 30 to 90 kg N ha-1. However, mean comparison 
showed statistically similar NUTE between 60 and 90 
kg N ha-1 as well as between 90 and 120 kg N ha-1. 
The decreases in efficiency of N utilization were 17.5, 
8.4 and 8.6%, respectively, when fertilizer application 
rates increased from 30-60, 60-90 and 90-120 kg N 
ha-1, respectively. 

The result indicated higher dry matter partitioning 
to the grain per unit of total plant N under the applica-
tion of lower N rates compared with the higher rates. 
In agreement with this result, Ortiz-Monasterio et al. 

(1997) and Singh and Arora (2001) also reported sig-
nificant influence of N application rate on NUTE in 
which the highest efficiencies were measured at the 
lowest application rate. Van Sanford and MacKown 
(1986) and (Sinebo et al., 2004) 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. Consis-
tent with the results of the present study, Gouis et 
al. (2000) reported non-significant effect of variety 
as well as that of the interaction between N rate and 
genotype on NUTE. The non-significant varietal dif-
ference in this study, however, is in contrast to the 
findings of Dhugga and Waines (1989) and Singh and 
Arora (2001) who reported significant varietal differ-
ences on NUTE. 

Nitrogen time of application x variety interac-
tion resulted in significantly higher NUTE for Madda 
Walabu due to N application of ¼P, ½MT and ¼A. 
The variety, however, had lower NUTE when N was 
applied in two splits at planting and mid-tillering, 
which was statistically similar with the N utilization 
efficiency measured for the three times equal split ap-
plication at planting, mid-tillering and anthesis. For 
Madda Walabu, N application of ¼P, ½MT and ¼A 
resulted in 23.7% and 20.1% higher NUTE than the 
treatments of two times and the three times equal split 
applications, respectively.

Hollandi did not significantly respond to N time 
of application in terms of total plant N utilization for 
grain yield. This result confirm reports of Tran and 
Tremblay (2000) and Jan et al. (2010), who found  
lower NUTE in response to early N applications at 
planting and tillering compared with additional split 
application at anthesis. This result is also in agree-
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ment with that of Cooper et al. (2001) who reported 
significant variety x N time of application interaction 
effects on NUTE. 

Nitrogen harvest index, and nitrogen use efficiency for 
grain and protein yields

Non-significant effect of N rate, the interaction effects 
of variety x N rate as well as  variety x N time of 
application were observed on N harvest index (NHI) 
while N time of application and variety main effects 
significantly influenced (p ≤ 0.01) the trait. N use ef-
ficiency for grain yield (NUEGY) was highly influ-
enced by the main effects of N rate, N time of applica-
tion, and variety. The trait was also highly influenced 
by the interaction effects of variety with both N rate 
and time of applications. There were significant ef-
fects of N rate and times of application as well as the 
interaction effect of N rate x variety on N use efficien-
cy for protein yield (NUEPY). However, the varieties 
did not differ in NUEPY and no interaction effect of 
variety and N time of application was observed for 
this parameter. 

The result indicated that application of different N 
levels did not influence the partitioning of total plant 
N in to the grain. Comparing the two varieties across 
all N rates and time of applications, Madda Walabu 
had 4.3% higher partitioning of total plant N in grain. 
The result is in line with the reports by Moll et al. 

(1982) and Dhugga and Waines (1989) who reported 
genetic variations for NHI, suggesting that the trait is 
under genetic control. On the other hand, N applica-
tion in the season indicated similar and significantly 
higher NHI in the three times N applications com-
pared with two times application. N applications of 
¼P, ½MT and ¼A resulted in 5.8% higher total plant 
N partitioning in to the grain than the applications of 
½P and ½MT. The higher NHI in the three split N ap-
plication in this study is consistent with the findings of 
Jan et al. (2010) who also reported higher index with 
the additional N application at anthesis. 

N use efficiency for grain yield (NUEGY) in re-
sponse to the interaction effect of N rate and variety 
ranged from 11.57 kg kg-1 N for the highest N rate to 
29.51 kg grain kg-1 N for the lowest rate (Table 5). 
For both varieties, the result generally indicated a 
decrease in efficiency of N use for grain yield with 
increasing N fertilizer rate. Madda Walabu exhibited 
both high and low NUEGY under lower and higher N 
application rates, respectively, in which the efficiency 
was dropped by more than one-fold.  For Hollandi, 
increasing N application rate from 30 to 120 kg N ha-1 
decreased the NUEGY by 46.8%. The result indicated 
efficient N use for grain yield when the crop was sup-
plied with smaller amounts of N in which the overall 
efficiency of the improved variety was higher than 
that of the local variety. 
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Table 4. Nitrogen biomass production and utilization efficiencies of bread wheat as influenced by N rate and time 
of applications at Adaba, 2010 main cropping season

NBPE (kg kg-1 N) NUTE (kg kg-1 N)
Variety (V) Madda Walabu Hollandi Mean Madda Walabu Hollandi Mean
N rate (kg ha-1) (NR)
30 91.31 75.57 83.44a 40.68 37.86 39.27a
60 87.05 58.33 72.69b 32.25 32.54 32.39b
90 76.82 52.63 64.72bc 30.83 28.49 29.66bc
120 70.81 48.58 59.70c 28.55 25.65 27.10c

V NR V x NR V NR V x NR
SE ± 2.07 2.92 4.13 0.76 1.08 1.53
CD 5.88 8.32 NS NS 3.08 NS
N application time (NT)
½P and ½MT 81.19 58.37 69.78 29.54b 31.95b 30.74
¼P, ½MT and ¼A 82.65 65.82 74.23 38.74a 31.44b 35.09

⅓P, ⅓MT and ⅓A 80.66 52.15 66.41 30.96b 30.02b 30.49

Mean 81.50a 58.78b 33.08 31.13

V NT V x NT V NT V x NT

SE ± 2.07 2.53 3.58 0.76 0.94 1.32
CD 5.88 NS NS NS 2.66 3.77
CV (%)             17.67              14.28

Where, P, MT and A indicate N application at planting, mid-tillering and anthesis, respectively; NS = non-sig-
nificant; CD = critical difference. Variable means followed by the same letters are not significantly different  
(p ≤ 0.05) according to Duncan’s Multiple Range Tests.

Table 5. Nitrogen harvest index, and N use efficiency for grain and protein yield of bread wheat as influenced by 
N rate and time of applications at Adaba, 2010 main cropping season.

NHI NUEGY (kg grain kg-1 N) NUEPY (kg kg-1 N)

Variety (V) Madda 
Walabu Hollandi Mean Madda 

Walabu Hollandi Mean Madda 
Walabu Hollandi Mean

N rate (kg ha-1) (NR)
30 0.71 0.64 0.67 29.51a 24.08b 26.80 0.63a 0.54b 0.58
60 0.70 0.67 0.69 17.16c 16.45c 16.81 0.41cd 0.45c 0.43
90 0.68 0.66 0.67 14.73cd 13.19de 13.96 0.34d 0.37d 0.35
120 0.66 0.65 0.66 11.57e 12.80de 12.18 0.26e 0.34d 0.30

V NR V x NR V NR V x NR V NR V x NR
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NHI NUEGY (kg grain kg-1 N) NUEPY (kg kg-1 N)

Variety (V) Madda 
Walabu Hollandi Mean Madda 

Walabu Hollandi Mean Madda 
Walabu Hollandi Mean

SE ± 0.007 0.010 0.014 0.48 0.68 0.96 0.013 0.019 0.027

CD 0.020 NS NS 1.36 1.92 2.72 NS 0.054 0.076
N application time (NT)
½P and ½MT 0.67 0.63 0.65b 14.35c 16.51bc 15.43 0.35 0.36 0.35b
¼P, ½MT and 
¼A 0.72 0.67 0.69a 22.80a 17.29b 20.04 0.47 0.45 0.46a

⅓P, ⅓MT and 
⅓A 0.68 0.67 0.68a 17.59b 16.09bc 16.84 0.41 0.46 0.43a

Mean 0.69a 0.66b 18.24 16.63 0.41 0.42
V NT V x NT V NT V x NT V NT V x NT

SE ± 0.007 0.009 0.012 0.48 0.58 0.83 0.013 0.016 0.023
CD 0.020 0.024 NS 1.36 1.67 2.36 NS 0.046 NS
CV (%)        6.21         16.44         19.19

Where, P, MT and A indicate N application at planting, mid-tillering and anthesis, respectively; NS = non-sig-
nificant; CD = critical difference. Variable means followed by the same letters are not significantly different  
(p ≤ 0.05) according to Duncan’s Multiple Range Tests

For both varieties, sharp decreases in NUEGY when 
N application rate increased from 30 to 60 kg N ha-1 
were occurred. Madda Walabu showed similar NU-
EGY at the applications of 60 and 90 kg N ha-1, even 
though, the efficiency significantly decreased as the 
rate increased from 90 to 120 kg N ha-1. On the other 
hand, Hollandi showed significant decreases in NU-
EGY when N application rate increased from 60 to 
90 kg N ha-1 but with similar efficiency in the 90 and 
120 kg N ha-1. The result is consistent with that of 
Dhugga and Waines (1989), Ortiz-Monasterio et al. 
(1997) and Roberts (2008) who found significant 
decreases in NUEGY with increasing rates of N ap-
plication. Furthermore, significant genetic variations 
for NUEGY were also reported by Moll et al. (1982), 

Dhugga and Waines (1989) and Feil (1992) in which 
the improved varieties showed higher efficiency.

Variety x N time of application interaction 
showed significantly higher NUEGY of Madda Wal-
abu when N was supplied in three times applications 
of ¼P, ½MT and ¼A. The mean value for the trait 
due to the two equal split N application at planting 
and mid-tillering was significantly lower compared 
with the three times applications. Three times equal 
split application of N at planting, mid-tillering and 
anthesis for variety Madda Walabu resulted in inter-
mediate NUEGY. Compared with the other timings, 
N applications of ¼P, ½MT and ¼ resulted in 37.1 
and 22.9%, respectively, higher NUEGY of Madda 
Walabu. 

Continued....
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On the other hand, NUEGY of variety Hollandi 
was not significantly changed by in-season N applica-
tion. In other studies, lower NUEGY in the early N 
application at planting and tillering was reported by 
Blankenau et al. (2002) compared with the additional 
split N applications applied at the later crop stage.

The efficiency of using applied N from 90 and 
120 kg N ha-1 for protein yield was, however, statisti-
cally similar. Compared to 120 kg N ha-1, application 
of 30 kg N ha-1 resulted in 58.8% higher NUEPY of 
Hollandi. Under the applications of 60 and 90 kg N 
ha-1, the two varieties had comparable performances 
for NUEPY. In other studies, Baenziger (1994b) re-
ported higher NUEPY under lower N application 
rates with no genetic variations for the trait. This re-
sult, however, contrasts with that of Van Sanford and 
MacKown (1986) who found significant genotypic 
variation for NUEPY. 

Nitrogen applications of ¼P, ½MT and ¼A, and 
⅓P, ⅓MT and ⅓A resulted in higher NUEPY. The two 
equal split applications at planting and mid-tillering, 
however, produced significantly lower NUEPY. The 
result indicated the importance of higher proportion 
of N application at mid-tillering and additional lower 
proportions at anthesis for enhanced efficiency of N 
use from applied N for protein synthesis. The result is 
in agreement with the findings of Baenziger (1994b) 

who reported that additional late N application during 
grain filling resulted in higher NUEPY.  

3.5 Contributions of the component traits to NUE 
efficiency

The result indicated that, under all N application 
rates, the variation in NUPE explained most of the 
variation in NUEGY of both varieties in which the 
higher contributions were observed in the lowest 
rates. On the other hand, NBPE had little account 
for the variations in NUEGY of the varieties (Table  
6). For Madda Walabu, application of 30 to 90 kg N 
ha-1 resulted in similar contribution of NUPE (58%) 
to the resultant NUEGY while the contribution at the 
highest rate was reduced by 1%. For the same variety 
(averaged over all N levels), HI, NBPE and NUPE 
explained 25%, 18% and 58% of the variations in 
NUEGY respectively. The relative contribution of 
NUTE (NBPE + HI) to NUEGY of the variety across 
all N rates was lower by 15% compared with the con-
tribution made by NUPE. NUPE also accounted for 
higher variation in NUEPY of the variety in which the 
contribution was similar under the two lower N rates 
and then progressively declined with the increasing N 
rates. The proportion of GNY to TDW contributed to 
50% of the variation in NUEPY. 

Table 6. Relative contributions of the component traits to the sum of squares (∑XinYn/Yn2) of the resultant traits 
(NUEGY and NUEPY) of bread wheat supplied with different N rates at Adaba, 2010 main cropping season

Variety Madda Walabu Hollandi

N rate 
(kg/ha) 30 60 90 120 Mean 30 60 90 120 Mean

Traits Log

NUEGY (GDW/
NS) Y1 - - - - - - - - - -

HI (GDW/TDW) X1 0.25 0.25 0.24 0.24 0.25 0.31 0.30 0.30 0.29 0.30
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Variety Madda Walabu Hollandi

N rate 
(kg/ha) 30 60 90 120 Mean 30 60 90 120 Mean

Traits Log

NBPE (TDW/Nt) X2 0.18 0.18 0.17 0.18 0.18 0.13 0.12 0.11 0.11 0.12

NUPE (Nt/NS) X3 0.58 0.58 0.58 0.57 0.58 0.57 0.58 0.57 0.56 0.57

NUEPY (GNY/NS) Y2 - - - - - - - - - -

NBPE (TDW/Nt) X2 -0.09 -0.10 -0.07 -0.07 -0.08 -0.02 -0.05 -0.03 -0.05 -0.04

NUPE (Nt/NS) X3 0.59 0.59 0.57 0.56 0.58 0.47 0.45 0.43 0.43 0.45

GNY/TDW X4 0.50 0.49 0.49 0.50 0.50 0.55 0.55 0.55 0.55 0.55

Where, NUEGY = nitrogen use efficiency for grain yield; NUEPY = nitrogen use efficiency for protein yield; 
HI = harvest index; NBPE = nitrogen biomass production efficiency; NUPE = nitrogen uptake efficiency; GDW 
= grain dry weight; TDW = total dry weight; NS = nitrogen supplied; Nt= total plant nitrogen and GNY = grain 
nitrogen yield.

Yet, NUPE accounted for higher variation in NUEGY 
of variety Hollandi at all N rates in which its contribu-
tion declined when the N rate increased from 60 to 120 
kg N ha-1. The relative contribution of NBPE was least 
as its value decreased with the increasing N rate from 
30 to 90 kg ha-1, but similar between 90 and 120 kg 
N ha-1. Compared to the mean relative contributions 
of NUPE and NBPE to NUEGY for variety Madda 
Walabu, the mean relative contributions of NUPE and 
NBPE to NUEGY for variety Hollandi was reduced, 
respectively, by 1 and 5%. On the other hand, the rela-
tive contribution of HI to NUEGY for variety Hol-
landi was higher under all N rates compared with the 
contribution of the trait in variety Madda Walabu. The 
mean values across all N levels indicated 5% higher 
relative contribution of HI to NUEGY in the local va-
riety compared with the improved one. However, the 
relative contribution of NUTE in both varieties was 
similar. The result indicates that the total plant N uti-
lization for grain yield in the local variety was highly 
influenced by the increased harvest index. 

Less HI (which is mostly considered as a genetic 
trait), and higher NBPE and NUPE contributions to the 

variations in NUEGY for Madda Walabu compared to 
Hollandi indicates the higher effect of N supply on the 
use efficiency for grain yield. The relative contribu-
tion of NUPE to the variation in NUEPY of variety 
Hollandi was slightly decreased with each increase in 
N rate up to 90 kg N ha-1 and remained unchanged 
when N rate increased from 90 to 120 kg ha-1. The 
proportion of GNY to TDW in variety Hollandi had 
similar and higher contribution (55%) to the variation 
in NUEPY under all N rates. The result was consistent 
with the reports of Moll et al.(1982),Van Sanford and 
MacKown (1986), Ortiz-Monasterio et al. (1997) and 
Muurinen (2007) who reported higher and variable 
contribution (decreased contribution with the increas-
ing rate) of NUPE to NUEGY, but is in contrast with 
that of Isfan (1993) who found higher NUTE contri-
bution. Van Sanford and MacKown (1986) reported 
54 to 81% NUPE contribution to the variation in NU-
EGY and negative contribution of NBPE to variation 
in NUEPY. The authors also reported higher NUPE 
contributions to the variations in NUEPY compared 
with GNY/TDW which holds true for the improved 
variety in the present study.   

Continued....
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Table 7. Correlation coefficients between mean NUE and agronomic traits of bread wheat grown under different 
N rate and time of applications at Adaba, 2010 main cropping season

GY GPC NUPE NBPE NUTE NUEGY NUEPY NHI
GY 1.00
GPC -0.35** 1.00
NUPE -0.17NS -0.13NS 1.00
NBPE 0.34** -0.56*** 0.22NS 1.00
NUTE 0.02NS -0.42*** 0.38** 0.49*** 1.00
NUEGY -0.08NS -0.35** 0.83*** 0.40*** 0.78*** 1.00
NUEPY -0.25* 0.22NS 0.79*** 0.16NS 0.51*** 0.76*** 1.00
NHI 0.20NS 0.42*** 0.13NS 0.16NS 0.38** 0.23* 0.58*** 1.00

Where, GY = grain yield; GPC = grain protein content; NUPE = N uptake efficiency; NBPE = N biomass 
production efficiency; NUTE = N utilization efficiency; NUEGY = N use efficiency for grain yield; NUEPY = N 
use efficiency for protein yield; NHI = N harvest index. NS, *, ** and *** = non-significant, significantly different 
at 5%, 1%, and 0.1%, respectively.

3.6 Associations between grain yield, protein 
content and NUE traits 

Correlation coefficients indicated negative and sig-
nificant association of grain yield with protein con-
tent (r = -0.35**) indicating an inverse yield-protein 
relationship. NUPE had non-significant negative 
correlations with grain yield and protein content (Ta-
ble 7). The small negative association of NUPE with 
these parameters illustrates the decrease of a trait 
with the increasing N rates that positively influenced 
the others. On the other hand, NBPE was positively 
associated with grain yield (r= 0.34**). However, it 
had significant negative correlation (r= -0.56***) with 
grain protein content. NUTE showed no correlations 

with grain yield. The trait had significant negative 
correlations with grain protein. On the other hand, 
NUPE showed significant positive correlation (r= 
0.38**) with NUTE but no correlation with NBPE. 
Significantly higher positive correlation (r= 0.49***) 
was also observed between NUTE and NBPE. Cor-
roborating these results, Ayoub et al. (1995) and 
Ortiz-Monasterio et al. (1997) reported negative as-
sociations of grain yield with protein content. Sinebo 
et al. (2004) found significant negative correlations 
of NUTE with grain protein content. Van Sanford 
and MacKown (1986) also reported significant posi-
tive correlations between the two major NUE com-
ponent traits, NUPE and NUTE.

Both NUEGY and NUEPY were negatively correlat-
ed with grain yield, but the association was non sig-
nificant for NUEGY and grain yield. Grain protein ex-
hibited significantly higher negative associations with 
NUEGY with an r value of -0.35**. Highly significant 
positive correlation coefficients were obtained for the 

association of NUEGY with NUPE, NBPE and NUTE 
(r= 0.83***, 0.40***, 0.78***, respectively). Non-signif-
icant, correlation coefficients were measured for the 
associations of NUEPY with grain protein and NBPE.

Association of NUEPY with NUPE, NUTE and 
NUEGY indicated significantly higher positive asso-
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ciations (r= 0.79***, 0.51*** and 0.76***, respectively). 
NHI was positively correlated with all the traits. The 
correlation coefficients were significant for the as-
sociation of NHI with, grain protein content, NUTE, 
NUEGY and NUEPY. In other studies, positive as-
sociations were also reported between NUPE, NBPE, 
NUTE and NHI traits (Van Sanford and MacKown, 
1986; Sinebo et al., 2004; Muurinen,2007). The au-
thors also reported positive correlations of the traits 
with the resultant N use efficiencies. 

4. Conclusions

Low available soil N and reduced plant NUE are some 
of the major constraints limiting wheat yield and pro-
tein content in Ethiopia. Ensuring a well-balanced 
supply of N to the crop may result in higher grain 
yield and increased protein content. In this study, the 
improved variety produced higher grain yield at the 
highest N rate. N applications of ¼P, ½MT and ¼A 
resulted in the highest yield of the variety. NUPE, 
NBPE and NUTE were significantly decreased with 
increased N application rates. The improved variety 
had the highest NUTE in response to N applications 
of ¼P, ½MT and ¼A. N applications of ¼P, ½MT 
and ¼A resulted in higher NUEGY of Madda Wal-
abu. NUPE explained higher variation in NUEGY of 
the varieties with higher contributions at the lowest 
N rate. Higher contribution of HI was measured for 
the local variety while higher NUPE and NBPE con-
tributions were measured for the improved variety. 
NUPE also explained higher variation in NUEPY of 
improved variety, but for local variety the trait was 
more explained by GNY/TDW. The resultant NUE-
GY showed positive and significant association with 
the component traits. NUEPY highly correlated with 
NUPE and NUTE, but not associated with NBPE. 
Generally the result indicated that N fertilizer rate and 

time of application markedly affected yield perfor-
mance and N use efficiency of the improved variety. 
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