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Abstract: In order to investigation the effects of blended NPSB and N fertilizer rates on physiological and growth 

indices in durum wheat, a randomized complete block design in a factorial arrangement and replicated 3 times per 

treatment was conducted in research field of Debre Zeit Agricultural Research Center in 2017 and 2018 under rain-fed 

condition. The treatments consisted of 4 levels of blended (0, 50, 100, and 150 kg NPSB ha
-1

) and N (0, 46, 69 and 92 kg 

N ha
-1

) fertilizers. The results revealed that leaf area index (LAI) at 64 days after sowing (DAS), crop growth rate (CGR) 

at 34-64 and 64-94 DAS, relative growth rate (RGR) at 34-64 DAS were significantly (P<0.05) affected by the 

interaction effects of blended NPSB and N fertilizers. Chlorophyll content (CHL), plant height (PH), days to heading 

(DH), and days to physiological maturity (DPM) were significantly influenced only by N levels. The highest LAI (4.50), 

CGR (4.37 g m
-2

°Cdays
-1

) at 34-64 DAS and (14.81g m
-2

°Cdays
-1

) at 64-94 DAS and RGR (0.0077 g g
-1°Cdays

-1
) at 

34-64 DAS were observed at combined application of 150 kg blended NPSB with 92 kg N ha
-1

. The highest PH (89.4 

cm), CHL (40.09), DH (60.92 days) and DPM (116.75 days) were noted in 92 kg N ha. On overall performance 

application of 150 kg NPSB with 92 kg N/ha levels showed better results on the growth and physiological traits of durum 

wheat as compared to other blended and N levels. 
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1. Introduction 

Durum wheat (Triticum turgidum L. var. durum) is a self-

pollinated tetraploid cereal and a traditional Mediterranean 

crop with the Mediterranean Basin being the largest 

production area worldwide and North Africa the largest 

import market [1]. In Ethiopia, durum wheat is grown 

primarily as a rain-fed crop by smallholders in the highlands 

area. In most of the country, only a single durum wheat crop 

is grown during the second, longer rainy season (meher) 

which usually starts in June. In East Shewa Zone, wheat is 

one of the major cereal crops produced next to tef and maize 

for the purpose of both home consumption and market. In the 

zone, out of the total land size of 395, 977.48 hectares 

planted by cereals, wheat covers 72,164.91 hectares, which is 

18.2% of the production area covered by all cereals in 

2016/17 cropping season. Durum wheat covers 24% of the 

total cultivated lands used for wheat. However, out of the 

total cereal grain production (952,163.7 tons), wheat 

accounted for 22.3% (212, 212.3 tons), and the average yield 

of wheat in 2016/17 cropping season was only 2.9 t ha
-1 

[2]. 

The average yield is above the national average yield (2.7tha
-

1
) but which is still very low as compared to the yield 

potential of wheat (6 tones ha
-1

). 

The low yield is primarily allied to the depletion of soil 

fertility due to continuous nutrient uptake of crops, low 

fertilizer use. In addition, for the last three decades, Ethiopian 

agriculture depended solely on imported fertilizer products 

namely urea and di-ammonium phosphate (DAP) which are 

source of N and P although most Ethiopian soils lack other 
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macro- and micro-nutrients [3, 4]. 

Many researchers reported that the use of balanced 

fertilizers have a promising role in growth and development of 

crop plants which resulted in improved quality and quantity of 

the agricultural produce. High fertilizer responsive varieties 

express their full yield potential when trace elements are 

applied along with NP fertilizers. Although, nutrient content of 

the fertilizer that suits the needs and the productivity of the 

crops, in most part of Ethiopia; particularly Ada’a farmers 

have limited information on the impact of balanced fertilizer 

types and rates except only urea and di-ammonium phosphate 

(DAP) which are source of N and P. However, new blended 

fertilizer such as NPSB (18.9% N, 37.7% P2O5, 6.95% S and 

0.1% B) is currently being used by the farmers in the study 

area based on the soil fertility map of the area [4, 5]. 

Growth analysis such as crop growth rate, relative growth 

rate and leaf area index are the most important traits in 

prediction of yield. Growth analysis is a suitable method for 

plant response to different environmental conditions during 

plant life also observed significant positive interaction 

between fertilizer treatments and physiological stages of 

wheat growth [6, 7]. The present study was, therefore, 

planned to determine the effect of blended NPSB and N 

fertilizer levels on physiological and growth traits of durum 

wheat. 

2. Materials and Methods 

A field experiment was conducted at Debre Zeit 

Agricultural Research Center of Ethiopian Institute of 

Agricultural Research (EIAR) in 2017 and 2018 cropping 

season under rain fed condition. Debre Zeit Agricultural 

Research Center is located in East Shewa Zone of Oromia 

Regional State. It is found at 47 km away from South East of 

the capital city of Ethiopia, Addis Ababa. Its geographical 

location is 8
o
 44′ N latitude and 38

o 
58′ E longitude. The 

altitude is about 1900 meter above sea level while, the 

majority of trial fields are heavy soils (Vertisol) with few 

pockets of light soils (Alfisols/Mollisols) [8]. Mean 

maximum and minimum temperatures recorded at the station 

during the season are presented in Figure 1. 

 

Figure 1. Maximum and minimum monthly temperature 2017-2018 cropping years. 

Rainfall data recorded at Deber Zeit Agricultural Research 

Center weather station indicated moderate monthly rainfall in 

the area across the years and in season distribution of the 

cropping season. Ten years (2007 to 2016) and experimental 

(2017 and 2018) years average monthly rainfall of the 

experimental site is presented in (Figure 2). The area 

received an annual rainfall of 824.6 mm during the cropping 

season (January to December 2017 to 2018) which was 

higher than the mean annual rainfall (788.5 mm) of the ten 

years. 

 

Figure 2. Total rain fall in 2017, 2018 and 2007 to 2016 average monthly rain fall at DZARC. 
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Table 1. Selected physical and chemical properties of the experimental soils before sowing in 2017 and 2018 years. 

Year Clay (%) 
Silt  

(%) 

Sand  

(%) 
pH 

CEC  

[Cmol(+) kg-1 soil] 
OM T. N% 

Av. P 

(mg/kg) 

Av. S 

(mg/kg) 

Av. B 

(mg/kg) 

2017 54.4 30.4 15.2 6.78 50 0.71 0.092 13.23 13.01 0.402 

2018 55.5 30.0 14.5 6.88 51 0.72 0.093 13.71 13.21 0.39 

 

2.1. Treatments, Design and Field Management 

The treatments consisted of 4 levels of blended (0, 50, 100, 

and 150 kg NPSB ha
-1

) and 4 levels of N (0, 46, 69 and 92 kg 

N ha
-1

), fertilizers. A total of 16 treatment combinations were 

considered. The experiment was laid out in a randomized 

complete block design (RCBD) in a factorial arrangement 

replicated 3 times per treatments. The total number of plots 

in the experiment were 48 (16×3), each of 3.2 m X 3 m (9.6 

m
2
) size. The distances between the plot and block were 0.5 

m and 1.0 m, respectively. Each plot consisted of 16 rows 

and spaced 20 cm apart. The net central unit areas of each 

plot consisting of 8 central rows of 2.80 m long were 

harvested and used for growth determination, whereas the 

others 6 rows were used for destructive measurements. The 2 

outer most rows were kept as border plants. For N fertilizer 

urea (46% N) and for blended NPSB (18.9% N, -37.7 P2O5%, 

- 6.95 S%, - 0.1% B) were used as fertilizer source. The 

experimental field was plowed 2 times by tractor and 

following breaking clods and leveling the land was done 

manually. Finally the unit plots were prepared with spade for 

sowing. The seed of variety Utuba was collected from 

DZARC and sown with hand drilling on Jul 17
th 

and July 

15
th

, 2017 and 2018 respectively, cropping season at the rate 

of 150 (kg ha
-1

) in 20 cm rows space in previously tef 

[Eragrostis tef (Zucc.) Trotter] planted field. The entire 

blended NPSB fertilizer was applied as per the treatments at 

a full dose at sowing, whereas N was applied in two splits 

(1/3 at sowing and 2/3 at tillering about 30 days after sowing) 

through application of urea. 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. 

2.2. Data Collection 

Data on the following physiological parameters were 

recorded as per procedures given below: Total leaf area was 

measured at 34, 64 and 94 days after sowing destructively 

using a portable leaf area meter (model CI-202, USA) from 

0.1m
2
 sampled areas. All green leaves were separated 

(excluding leaf sheaths) from the plant then the leaf area was 

measured by leaf area meter. Then after, leaf area index was 

calculated by using the formula [9]. 

Leaf area index (LAI) = 
 ����� ���� �	�� 


	��� �	�� 
 

The calculation of crop growth rate (CGR) and relative 

growth rate (RGR) require determination of the total dry 

matter, leaf dry matter and leaf area and the growing degree 

day (when expressed in terms of thermal time). The 

procedures followed for the determination of these variables 

are explained below. 

The total dry weight of plant and leaf dry weight were 

determined based on 0.2 m x 0.5 m (0.1m
2
)

 
samples 

harvested from each plot at 34, 64, and 94 days after sowing 

and dried in an oven for 48 hours at 80 
o
C and their weight 

was determined using a sensitive balance. 

Calculations based on thermal time are appropriate for an 

experiment as long as it is recognized that environmental 

conditions are confounded with treatment [10]. The thermal 

time was used in the analysis and determined using the 

following equation. Daily thermal time (tT,°C d) was 

calculated as: 

tT= (
���������

�
 – Tb) 

Where, T max, is the maximum daily air temperature with 

an upper limit of 32
o
C, T min is the minimum daily air 

temperature with a lower limit of 6 to 11
o
C which the 

average is 8.5°C for wheat at DZARC [11]. The base 

temperature for wheat growth is 5°C [12]. Therefore, the 

thermal time accumulated (GDD): which was calculated 

from date of planting to the date of sampling by summing the 

following value for each day. 

GDD= � (
�

���

���������

�
 – Tb) 

Crop growth rate (CGR): It depicts the rate of dry matter 

production per unit area [13]. The dry weight of plant was 

determined based on 0.1m
2
 samples harvested from each plot 

at 34, 64, and 94 days after sowing and dried in an oven for 

48 hours at 80°C and their weight was determined using a 

sensitive balance. Then, after CGR was calculated by using 

the formula: given by [14]. 

CGR (g m
-2

 
o
C days

-1
) = 

�����

�����
� 

�


�
 

Where W1 and W2 are dry weight at T1 and T2, 

respectively, T2 and T1 are thermal time interval and GA is 

ground area from which plants were sampled to get dry 

weight. 

Relative growth rate (RGR): Relative growth rate is 

defined as the rate of dry matter accumulation per unit of 

existing dry matter [13]. It was calculated as described by as 

follows [15]: 

RGR (g g
-1

 
o
C days

-1
) =  

�� (��)��� (��)

�����
 

Where W1 and W2 are dry weight at T1 and T2, 

respectively, T2 and T1 are thermal time interval and ln is the 

natural logarithm. 

Days to 50% heading: Days to heading was recorded when 

about 50% of the plants in a plot produced spikes. 
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Days to 90% physiological maturity: Days to physiological 

maturity was recorded when about 90% of the plants reached 

physiological maturity based on visual observation. It was 

indicated by senescence (turning to light yellow) of the 

leaves and vegetative parts as well as free threshing of grain 

from the glumes when pressed between the forefinger and 

thumb. 

Plant height: At maturity, ten effective tiller plants were 

taken randomly from the net plot area of each plot and height 

was measured from the ground to the tip of tillers using ruler 

and the mean value were determined in cm. 

Chlorophyll content at flag leaf stage: The chlorophyll 

content was measured by SPAD chlorophyll meter Model 

(CCM-200). The readings of chlorophyll content at flag leaf 

stage of green leaves were noted from five randomly selected 

plants and then averaged to get the SPAD chlorophyll 

content. 

2.3. Data Analysis 

The data subjected to combined analysis of variance 

(ANOVA) over years after confirmation of homogeneity of 

error variance using R-software were program. Means of 

significant treatment effects were separated using Least 

Significant Difference (LSD) test at 5% level of significance. 

3. Results and Discussion 

3.1. Leaf Area Index 

The ANOVA result showed that both the main effects of 

blended NPSB and N fertilizer rates were highly significantly 

(P < 0.01) on the leaf area index (LAI) at 64 days after 

sowing (DAS). The interaction effect of the two factors was 

also significant (P < 0.05) in influencing the LAI positively 

at this growth stage (Table 2). However, the main effects of 

blended NPSB and N fertilizers application were non-

significant on LAI at 34 and 94 DAS. The interaction effect 

of these two fertilizers were also non-significant on LAI at 

both (34 and 94 DAS) growth stage (Table 3). 

The highest LAI (4.58) was recorded at the highest rates of 

150/92 kg blended NPSB/N ha
-1

, but this was statistically not 

significantly different from the rates of 100/92, 150/69, 

100/69 and 50/92 kg blended NPSB/N
 
fertilizers ha

-1
. The 

lowest LAI (2.46) was obtained from durum wheat grew on 

the unfertilized plot (Table 2). The application of 150/92 kg 

blended NPSB/N ha
-1

 fertilizers resulted in 86.2%, increase 

of LAI than the control plot. This might be due to the 

positive effect of blended NPSB and N fertilizer application 

in increasing the number and size of wheat leaves on each 

tiller. The current result is in agreement with the earlier 

result, significant variation in LAI due to application of 

different levels of NPK fertilizers at 60 DAS of wheat. 

Significantly higher (4.8) and lower (3.0) mean LAI of barley 

from 50:50% NPS: FYM application and non-fertilized, 

respectively at 60 DAS [16, 17]. The results of this 

experiment indicated that, the use of blended NPSB with the 

supply of N fertilizers had positive influence on the LAI 

particularly at mid growth stages. In general, the combined 

application of blended NPSB and N at highest rates boosted 

up the tissue formation with better plant growth which 

increases its concentration in leaves and results in higher 

LAI. 

Thirty four days after sowing, LAI remained similar in 

response to the applied fertilizers, which indicated that the 

nutrient uptake capacity of the durum wheat was very low 

because of small growth of roots at the initial stage. On the 

other hand, the lack of significant effect on LAI at 94 DAS 

might be due to leaf senescence due to plant age (Table 3). 

3.2. Crop Growth Rate 

Crop growth rate (CGR) is regarded as the most 

meaningful growth function since it represents the net results 

of photosynthesis, respiration and canopy area interaction 

[18]. The data pertaining to CGR highly significantly (P < 

0.01) influenced by the main effects of N rates at 34 to 64 

and 64 to 94 days after sowing (DAS). The interaction effect 

of the two factors also significant (P < 0.05) influenced at 

both (34 to 64 and 64 to 94) times. However, main effect of 

blended NPSB was no significant effect. 

The combined application at a rate of 100 kg blended 

NPSB and 92 kg N ha
-1 

resulted in significantly higher CGR 

(4.46 g m
-2

°Cd
-1

) as compared to unfertilized plot but 

remained at par with rates of 150/92, 150/69 kg ha
-1

, and 

100/69
 
blended NPSB/N with a CGR of 4.37, 3.60 and 3.47 

g m
-2

°Cd
-1

, respectively at 34 to 64 DAS. The lowest CGR 

(1.85 g m
-2

°Cd
-1

) was recorded at unfertilized plot at 34 to 

64 DAS (Table 2). At 64 to 94 DAS, the highest CGR 

(14.81 g m
-2

°Cd
-1

) was recorded from the combined 

application of blended 150 kg NPSB and 92 kg N ha
-1

 and 

this result was found significantly higher than the control 

treatment (4.67 g m
-2

°Cd
-1

) but statistically at par with rates 

of 100/92 and 150/69 kg blended NPSB/N ha
-1

 which 

produced a CGR of 13.26, and 10.25g m
-2

°Cd
-1

, 

respectively (Table 2). 

Generally, high CGR values were recorded from the 

combined application of the two fertilizers at high rates 

(100/92 kg NPSB/N ha
-1

) at rate one level below the highest 

ones at 34-64 DAS and the highest rates (150/92 kg NPSB/N 

ha
-1

) at 64-94 DAS as compared to either the control, or the 

combined application of the two fertilizers at low rates or the 

sole application of NPSB or N at all rates. The rapid crop 

growth rate at the highest rates of blended NPSB and 

nitrogen might be due to the fact that the plants sufficient 

absorbed nutrients which might have resulted in higher leaf 

area which in turn caused higher photosynthesis and dry 

matter accumulation ultimately resulting in high crop growth 

rate. This present result agrees with the previous reported, 

application of 100 kg N + 75 kg P2O5 + 50 kg K2O ha
-1

 

resulted significantly higher crop growth rate (0.227 g dm
-2

 

days
-1

) during 61 to 90 DAS of durum wheat [5, 19].  

reported that application of boron at 2 kg ha
-1

 accelerated 

crop growth rate of bread wheat (33.40 g m
-2

 days
-1

) as 

compared to the treatment that received no boron fertilizer 

(16.67 g m
-2

 days
-1

) at 49 to 98 DAS. 
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Table 2. Interaction effect of blended NPSB and N fertilizers on leaf area index at 64, CGR at 34-64 and 64-94 and RGR at 34-64 DAS of durum wheat. 

Blended NPSB (kg ha-1) Nitrogen (kg ha-1) 
LAI m2/m2 CGR (g m-2 oCdays-1) RGR (g g-1 oCdays-1) 

64 DAS 34-64 DAS 64-94 DAS 34-64 DAS 

0 0 2.46g 1.85e 4.67d 0.0049e 

 46 2.48g 2.12de 5.66cd 0.0051de 

 69 2.77d-g 2.48c-e 7.86cd 0.0057b-e 

 92 2.68fg 2.58c-e 6.70cd 0.0067a-d 

50 0 2.71e-g 2.62c-e 5.71cd 0.0066a-d 

 46 3.03c-g 2.91c-e 8.30cd 0.0056c-e 

 69 3.44b-f 3.25bc 9.36b-d 0.0063a-e 

 92 3.87a-c 2.96c-e 9.61bc 0.0058b-e 

100 0 3.09c-g 2.83c-e 5.97cd 0.0061a-e 

 46 3.64b-d 3.01cd 9.54bc 0.0063a-e 

 69 3.90a-c 3.47a-c 9.98bc 0.0072ab 

 92 4.28ab 4.46a 13.26ab 0.0071a-c 

150 0 2.82d-g 2.77c-e 6.44cd 0.0052de 

 46 3.60b-e 3.23cd 9.71bc 0.0065a-d 

 69 4.03ab 3.60a-c 10.25a-c 0.0062a-e 

 92 4.58a 4.37ab 14.81a 0.0077a 

LSD (5%)  0.90 1.13 4.78 0.0016 

CV (%)  8.85 12.23 18.25 8.67 

LAI= Leaf area index; CGR=Crop growth rate; RGR= Relative growth rate; DAS= days after sowing; Means with the same letter in columns are not 

significantly different at 5% level of significance; LSD= least significant differences at 5%; CV (%) = Coefficient of variation. c-g=cdefg, b-d=bcd, e-g=efg. 

Relative growth rate 

Relative growth rate (RGR) expresses the dry weight 

increase in time interval in relation to the initial weight. The 

analysis of variance showed that the main effects of blended 

NPSB and N as well as their interaction highly significantly 

(P < 0.01) affected the RGR at 34 to 64 days after sowing 

(Table 2). However, the main effects of the blended NPSB 

and N fertilizers as well as their interaction effect on RGR at 

64 to 94 days after sowing were found to be not significant 

(Table 3). 

The 2 fertilizers interacted significantly to influence the 

RGR of durum wheat at 34 to 64 days after sowing (Table 2). 

The highest RGR (0.0077 g g-1 oCd-1) was found at the 

combined application of highest rate of blended NPSB and N 

(150/92 kg NPSB/N ha-1) fertilizers, which was statistically 

at par with the rates of 100/69 and 100/92 kg blended 

NPSB/N ha-1 fertilizers application (Table 2). The lowest 

RGR (0.0049 g g-1 oCd-1) was obtained at untreated plot. 

This indicated that the RGR was more enhanced by both 

blended NPSB and N fertilizers, which might be due to the 

high concentrations of nutrients in fairly fertilized plots 

causing production of more leaves which in turn contributes 

for the production of high dry matter which resulted in more 

RGR [5]. In contrast to this result, previously reported 

indicated that the nutrient management could not influence 

RGR significantly at 30 to 60 DAS but significantly higher 

RGR was reached at 60 to 90 DAS of bread wheat [16]. 

Table 3. Main effects of blended NPSB and N fertilizers on LAI at 34, 94 and RGR at 64-94 DAS of durum wheat. 

Blended NPSB (kg ha-1) 
LAI (m2/m2) RGR (g g-1 oCdays-1) 

34 DAS 94 DAS 64 to 94 DAS 

0 1.97 1.60 0.00464 

50 1.89 1.59 0.00470 

100 1.94 1.49 0.00477 

150 2.10 1.39 0.00464 

LSD (5%) NS NS NS 

Nitrogen (kg ha-1)    

0 1.92 1.42 0.00459 

46 1.89 1.62 0.00464 

69 2.05 1.56 0.00470 

92 2.05 1.48 0.00482 

LSD (5%) NS NS 0.00401 

CV (%) 12.64 16.75 NS 

LAI= Leaf area index; RGR= Relative growth rate; DAS= days after sowing; Means with the same letter in columns are not significantly different at 5% level 

of significance; LSD= least significant differences at 5%; CV (%) = Coefficient of variation. 
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3.3. Plant Height 

The analysis of variance revealed that the main effect of 

nitrogen fertilizer rates highly significantly (P < 0.01) 

influenced the plant height. However, the main effect of 

blended NPSB as well as the interaction effect did not 

significantly influence this parameter. 

The tallest plant (89.43 cm) was obtained at the highest 

rate of N application (92 kg ha
-1

) and it was at par with plant 

height recorded in plants from nitrogen application at rates of 

69 (89.06 cm) and 46 (86.69 cm) kg N ha
-1

. The shortest 

plant height (86.51cm) was recorded in unfertilized plot 

(Table 4). The application of nitrogen fertilizer at 92 and 69 

kg N ha
-1

 increased the plant height by 3.7%, and 2.95%, 

respectively, compared to the unfertilized plot. This 

increment in plant height might be due to the fact that N 

improves plant height by taking synthesis of macromolecules 

(proteins, enzymes, pigments, hormones, etc.) and rate of 

processes like photosynthesis on cell division and cell 

elongation, and finally internode length. Soil applied with 

increased rates of N, increase internodes length which 

ultimately resulted in increased plant height also N 

application enhanced the overall vegetative growth of bread 

wheat [20]. In conformity with this result, nitrogen fertilizer 

rate increased from nil to 69 kg ha
-1

, the plant height of bread 

wheat increased from 82.63 cm to 94.18 cm [21]. 

3.4. Chlorophyll Content at Flag Leaf Stage 

The analysis of variance showed that chlorophyll content 

increased to be significantly (P< 0.05) affected by only the 

main effect of nitrogen fertilizer rates. However, the main 

effect of blended NPSB as well as the interaction of the two 

factors was not significant. 

The highest chlorophyll content mean SPAD values of 

40.09% 38.15% were obtained in the application of 92 and 

69 kg N ha
-1

, respectively, while the lowest mean chlorophyll 

content (37.70%) was recorded in untreated plot (Table 4). 

Increasing the rate of nitrogen fertilizer from nil to 69 kg N 

ha
-1

 increased the chlorophyll content by about 3.5%. 

Increasing the rate of nitrogen further from 69 to 92 kg N ha
-1

 

increased the chlorophyll content by about 5.1% although the 

change was non-significant (Table 4). This showed that 

supply of N at rate of 69 kg ha
-1

 is found to be adequate for 

enhancing this parameter. The result of the present study 

showed that nitrogen was more effectual on the chlorophyll 

content than other plant nutrients. The possible reason might 

be due to the fact that N is one of the constituent element of 

chlorophyll and a major component of all enzymes and hence 

it plays important role in chlorophyll formation, 

photosynthesis, chloroplast development and respiration of 

plants and other biochemical and physiological activates 

[22]. Corroborating the result of this study, significant 

increments in chlorophyll content at flag leaf stage in 

response to increasing the rate of nitrogen application, in 

which case they found that the highest numbers 38.31 and 

35.4 SPAD in% were recorded for treatments that received 

210 and 200 kg N ha
-1

, respectively [23, 24]. 

3.5. Days to Heading 

The main effect of N fertilizer rates highly significantly 

(P<0.01) influenced days to heading. However, the main 

effects of blended NPSB as well as the interaction effect of 

the two factors were not significant. 

The delayed days to heading (562.65 degree days) was 

recorded in 92 kg N ha
-1

 which was statistically at par with 

the rate of 69 kg N ha
-1

, while the earliest days to heading 

(535.8 degree days) was recorded in the control (unfertilized) 

plot (Table 4). As indicated in Table 4, increasing N fertilizer 

from nil to 69 kg N ha
-1

 delayed days’ to heading by 2.9%. 

Increasing the rate of N from nil to 92 kg N ha
-1

 further 

prolonged the days to heading by 4.9%. This might be due to 

the fact that N has promoted greater vegetative development 

for longer period of time before reproductive phase begins 

and hence might have caused delay in heading. This result is 

consistent, indicated that wheat plants grew under increased 

rates of nitrogen fertilizer supply delayed days to headings 

than those grew low rates of the nutrient. Moreover, the N 

level increased from nil to 69 kg ha
-1

, the days to 50% 

heading was delayed from 67.58 to 70.04 days of bread 

wheat [21, 25]. The result of present study is contrary; found 

that N at the rate of 64 kg ha
-1

 significantly reduced days to 

heading of tef over the control [26]. 

Lack of increasing trend between blended NPSB and 

interaction effects of blended NPSB and N fertilizer rates 

could be attributed to the counteracting effects of P nutrient 

on N nutrient effects because N tends to increase vegetative 

growth, while P hastens the reproductive growth. Previously 

finding also showed that under no P application, days to 

heading showed an increasing tendency with rising N rates 

on barley (Hordeum vulgare L.)[27]. 

3.6. Days to Physiological Maturity 

Days to physiological maturity was highly significantly (P 

< 0.01) influenced by the main effect of nitrogen fertilizer 

rates. However, neither the main effect of blended NPSB nor 

the interaction effect of blended NPSB and N application 

significantly influenced this parameter. 

Similar to number of days to heading, application of high 

rate of N delayed days to physiological maturity of durum 

wheat (Table 4). Delay in maturity time of this crop was 

greater at highest rate of nitrogen than at nil rates. The 2 top 

N rates (92 and 69 kg ha
-1

) were at par among each other and 

they were significantly different from the other 2 lower rates 

of N treatments. About 3 more days were required for the 92 

kg N ha
-1

 treatment when compared to the control which took 

(1060.6 degree days) to physiological maturity (Table 4). 

Generally, number of days to maturity was delayed by about 

2.34% by the application of 92 kg N ha
-1

 as compared to that 

of unfertilized plot. This may be attributed to the 

physiological effect of the fertilizer N which increases 

vegetative growth of crops where by it delays maturity time. 
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The fact that N is important for synthesis of major macro-

molecules in plants including proteins, enzymes, pigments, 

growth promoting hormones, etc. which are important for 

maintaining and producing vegetative tissues and cell 

organelles which in turn contribute for the delay of maturity 

of plants. In line with this result, the highest doses of N (69 

kg ha
-1

) delayed physiological maturity of bread wheat by 

about three days (from 123.87 to 127.00 days) as compared 

to the control [21]. In contrary to the current finding, shortest 

days (91) to physiological maturity of tef were obtained from 

the application of 69 kg N ha
-1 

and 30 kg P2O5 ha
-1

 and the 

longest days (97) from the control [28]. 

Table 4. Main effects of blended NPSB and N fertilizers on plant height, Chlorophyll content days to heading and days to physiological maturity of durum 

wheat. 

Treatments PH (cm) ChL (SPADValue in%) DH in DD DPM in DD 

Blended NPSB (kg ha-1)     

0 87.26 36.51 551.24 1048.1 

50 87.71 38.55 547.80 1045.9 

100 88.03 38.66 554.69 1056.1 

150 88.68 39.07 552.59 1051.8 

LSD (5%) NS NS NS NS 

Nitrogen (kg ha-1)     

0 86.51b 36.86b 535.82c 1036.2b 

46 86.69ab 37.70ab 540.65bc 1037.0b 

69 89.06ab 38.15ab 551.07ab 1058.8a 

92 89.43a 40.09a 562.65a 1060.6a 

LSD (5%) 2.88 2.81 10.04 9.2 

CV (%) 2.95 6.62 2.20 1.06 

PH= plant height; CHL= chlorophyll content= DH= days to heading in degree days; DM days to physiological maturity in degree days; Means with the same 

letter in columns are not significantly different at 5% level of significance; LSD= least significant differences at 5%; CV (%) = Coefficient of variation. 

4. Conclusion 

As the results of this study indicated that application of 

blended NPSB with the supplement N fertilizers have 

positive effects on physiological growth indices of durum 

wheat. The investigation showed that the maximum leaf area 

index, crop growth rate, and relative growth rate were 

obtained at the highest rates of combined application of 

blended NPSB and N fertilization. On the other hand, 

chlorophyll content, days to heading, days to physiological 

maturity and plant height was recorded at the highest levels 

nitrogen fertilizer. However, definite recommendation may 

not be drawn from this research result, as the present result 

came from one location and cultivar. Therefore, it is 

advisable to undertake further research across season and 

locations involving yield and yield component traits and 

more than one cultivar to draw sound recommendation. 
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