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 46 

Field and laboratory experiments were conducted in the wheat growing belt of south-

eastern Ethiopia to assess effects of rate and time of N application on seed and 

seedling performance of local and improved bread wheat varieties.  For the field 

experiments, a factorial combination of four N levels, two bread wheat varieties, and 

three times of N application were laid out in a RCBD with three replicates. 

Laboratory tests were conducted in a CRD with four replicates to evaluate seed 

germination and seedling vigor. The rate and timing of N application had significant 

(P = .01) effects on seed germination capacity and the seedling vigor index. A three 

times split application of N at 120 kg ha-1 resulted in significantly (P = .01) higher 

percentages of normal seedlings, seed germination speed, seedling dry weight and 

vigor index compared to the other treatments. The results revealed that application 

of 120 kg N ha-1 in three split doses at sowing, mid-tillering, and anthesis led to 

enhanced seed and seedling performance of the crop.    
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1. INTRODUCTION 48 

 49 

Wheat (Triticum aestivum L.) is one of the most important world cereal crops and is a 50 

staple food for about one third of the world’s population [1]. In Ethiopia, it is grown 51 

annually on about 1.68 million ha of land with a total production of about 3.08 million t 52 

which makes the country the largest wheat producer in sub-Saharan Africa [2]. 53 

However, the average yield of wheat in the country is low (1.83 t ha-1), which is only 54 

about half of the world average of 2.5 t ha-1. The low crop productivity in the country 55 

may be attributed, among other factors, to low inherent soil fertility as well as meager 56 

and ill-timed N applications [3, 4]. Use of low rates of nitrogen (N) fertilizer is one of the 57 

major factors leading to low crop yields in developing countries [5]. Nitrogen deficiency 58 

has often constrained wheat production in wet areas [6, 7]. Availability of good quality 59 

seed is also an important factor limiting wheat productivity [8]. Application of N fertilizer 60 

resulted in a higher net assimilation rate [9], increased yield [10] and a higher seed 61 

protein content [11]. Timing of N application is also important for improving crop yield. 62 

Two to three equal split applications of N produced a higher grain yield of lowland rice 63 

compared with applying the whole dose of the nutrient at sowing [12]. The response of 64 

wheat to N fertilizer also varies with rate and timing of application relative to plant 65 

development [13]. 66 

 67 

Previous studies have revealed that seed quality is affected by N application with a 68 

profound influence on seed germination capacity [8, 14, 15]. The amount and timing of 69 

N application had a significant effect on seed germination speed and early vigor, with 70 

the application of N at high levels (120 and 180 kg N ha-1) just before anthesis resulting 71 

in a markedly increased seed germination capacity [8]. Thus, a well-balanced supply of 72 

N throughout the growing season of the crop is essential for seed production as it has 73 

an influence, not only on yield, but also on seed quality, which further affects seed 74 

germination capacity, seedling vigor, and the productivity of the succeeding crop. 75 

 76 

In Ethiopia, wheat seed quality is low due to genetic and management factors [16]. 77 

Therefore, it is important to enhance seed quality of the crop targeting germination 78 

capacity and seedling vigor through proper plant nutrition. Little research has been 79 

done in the country to study the effects of N application on wheat seed planting values. 80 
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Such a study is important to elucidate the influence of rate and timing of N application 81 

on seed quality of the crop. The results may lead to optimizing the quantity and timing 82 

of application of the nutrient for producing wheat seed with enhanced planting values 83 

for higher crop productivity. Therefore, this paper presents the results of a study 84 

conducted with the objective of evaluating the effect of N rate and timing of application 85 

on seed germination capacity and seedling vigor of bread wheat.  86 

 87 

2. MATERIALS AND METHODS 88 

 89 

2.1. Field Experiment 90 

2.1.1. Description of the experimental sites  91 

Field experiments were conducted in two different environments in the Bale and West 92 

Arsi Zones of Ethiopia during the 2010 main cropping season. The experiments were 93 

carried out at Sinana (located at 7°7’ N, 40° 10’ E) in Bale and Adaba (located at 94 

7o01’N, 39o24’E) in the West Arsi Zones of Ethiopia. The two experimental sites have 95 

elevations of 2,400 and 2,300 m above sea level, respectively.  96 

 97 

Sinana is characterized by a bi-modal rainfall pattern with two growing seasons. 98 

Annual rainfall, mean minimum and maximum temperatures of the site during the 99 

experimental year were 1,464 mm, 10.1°C and 20.4°C, respectively. On the other 100 

hand, Adaba is characterized by a mono-modal rainfall pattern, and received rainfall of 101 

890.5 mm during the experimental year. The mean minimum and maximum 102 

temperatures at Adaba, during the cropping year were 8.15oC and 23.82oC, 103 

respectively.  104 

 105 

Analysis of soil samples, before sowing, indicated that the soil texture of each 106 

experimental site was dominated by clay. Available Olsen P values were 13.3 ppm for 107 

Adaba and 15.4 ppm for Sinana. The available soil K content was 897.2 ppm at Adaba 108 

and 965.6 ppm at Sinana. Soil pH of the experimental sites was nearly neutral (6.9 at 109 

Adaba and 7.1 at Sinana). These values are in the pH range suitable for N availability. 110 

The soil of Adaba has an organic matter content of 2.2% whereas that of Sinana has 111 

1.9%. The experimental soils had low levels of total N (0.11% and 0.14%, respectively, 112 

for Adaba and Sinana). According to Food and Agricultural Organization of the United 113 

Nations (FAO) [17], the P content of the soil is medium. The K content, at both sites, 114 

was very high [17, 18]. The organic C as and the total soil N content of both sites were 115 
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low [18]. The low organic matter and total N content of the soils signify that the release 116 

of NO3
-1 from mineralization of organic matter [19] would be low during the growing 117 

season of crops and application of external sources of N are required to maximize crop 118 

yields. 119 

  120 

2.1.2. Experimental materials  121 

Nitrogen fertilizer in the form of urea (46% N) and phosphate fertilizer in the form of 122 

triple super phosphate (TSP) (20% P) were used for as fertilizer material for the study. 123 

Two bread wheat varieties, Madda Walabu (HAR-1480) and Hollandi (local) with 124 

different morphological characteristics and yield potential were used as test crops. 125 

Madda Walabu is a CIMMYT origin semi-dwarf improved wheat variety, which was 126 

released by Sinana Agricultural Research Centre (SARC) while Hollandi is a local 127 

variety and is used for crossing in SARC breeding programs for its merits (adaptability 128 

and bread-making quality). The improved variety, Madda Walabu, was chosen 129 

because it is high yielding, well adapted to the area, and is widely grown by 130 

smallholder farmers as well as large scale commercial wheat producers in the region. 131 

  132 

2.1.3. Treatments and experimental design  133 

The treatments consisted of four levels of N (30, 60, 90 and 120 kg N ha-1), two bread 134 

wheat varieties (Madda Walabu and Holandi) and three times of N application (½ at 135 

sowing and ½ at mid-tillering; ¼ at sowing, ½ at mid-tillering and ¼ at anthesis; ⅓  at 136 

sowing, ⅓  at mid-tillering and ⅓  at anthesis). The experiment, at each site, was laid 137 

out in a randomized complete block design (RCBD) with a factorial arrangement of 4 x 138 

2 x 3 = 24 treatment combinations and was replicated three times. The times of N 139 

application were adjusted according to Zadoks decimal growth stage for wheat at the 140 

time when moisture was available for nutrient dissolution and absorption. 141 

 142 

2.2. Laboratory Experiments 143 

2.2.1. Determination of seed germination capacity and vigor 144 

After harvest standard germination tests for seeds obtained from control and treated 145 

plots were carried out between two layers of moist filter paper according to 146 

International Seed Testing Association [20] rules to evaluate treatment effects on seed 147 

germination capacity. The working samples, consisting of 400 pure seeds from each 148 

treatment, counted using an electronic seed counter and tested in a factorial CRD in 149 
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four replicates of 100 seeds. The seeds were placed at uniform spacing between 150 

layers of filter paper moistened with distilled water and rolled as a substratum. The 151 

prepared rolls were placed in a slanting position in plastic containers and incubated in 152 

a growth chamber at a temperature of 20oC and 80% relative humidity under 153 

illumination. Samples were monitored daily and supplied with deionized water when 154 

needed. Seedling vigor was determined based on seedling dry weight, which is often 155 

measured as an indicator of seedling vigor. Seedling dry weight was measured after 156 

the final count of the standard germination test. Ten normal seedlings were randomly 157 

sampled from each replicate and dried in an oven at 60oC to constant weight. 158 

  159 

2.2.2. Determination of Seed Germination Speed 160 

Seed germination speed, which also expresses seedling vigor and germination rate, 161 

was measured to determine treatment effects. For this purpose, another laboratory 162 

experiment was carried out using 100 seeds from each treatment. The seeds were 163 

sown on top of moist double filter paper arranged in a factorial CRD with four replicates 164 

of 25 seeds. The prepared samples were placed in Petri dishes and incubated at 20oC 165 

in a growth chamber in the dark. Subsequently, seeds were evaluated for the presence 166 

of normal seedlings from the fourth to the eighth day of germination. Seedlings were 167 

counted and removed daily. 168 

 169 

2.3. Data Measurement 170 

Germination capacity (%):- on the final day of the test period, germination components 171 

were categorized into normal and abnormal seedlings, fresh ungerminated and dead 172 

seeds according to international seed testing rules [20]. The respective percentages of 173 

each component were calculated based on the number of seeds used in the test. 174 

 175 

Seedling dry weight (mg dry weight/germinal seedling):- this was measured as the 176 

average oven dry weight of ten randomly selected seedlings by weighing on an electric 177 

balance. Seed germination speed:- this was calculated using the following formula [21].   178 

 179 

Where, n = number of normal seedlings germinated on day (D) and Dn = number of 180 

days from sowing corresponding to n. 181 

 182 
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Seedling vigor index:- was calculated by multiplying the standard germination 183 

percentage by mean seedling dry weight [22]. 184 

 185 

 186 

2.4. Statistical Analysis 187 

Analyses of variance, for the data recorded, were conducted using the SAS GLM 188 

procedure. Bartlett’s homogeneity test of error variance was performed for all data of 189 

the two environments using Minitab software before performing a combined analysis. 190 

For seed germination components, variance analysis was done on the data 191 

transformed by the following function.  , where p is the percentage 192 

of the germination component. Significant differences among treatments were 193 

computed using Duncan’s Multiple Range Tests.  194 

  195 

3. RESULTS AND DISCUSSION 196 

 197 

All measured and analyzed data were subjected to a homogeneity test of error 198 

variances using Bartlett’s χ2 test. Homogeneity of error variances was observed for the 199 

two test environments for all data. Hence, all through the text, the results of the 200 

combined analysis for the homogenous data are presented and discussed. 201 

 202 

3.1. Seed Germination Capacity 203 

The laboratory experiment showed normal germination of seed samples obtained from 204 

each treatment i.e. initially no seed germination was observed from the start of 205 

incubation until the 3rd day. Small numbers of seeds were germinated on the 4th day of 206 

incubation period. A rapid increase in the number of germinating seeds was observed 207 

on the 5th and 6th days.  This was followed by a decrease in their appearance after the 208 

7th day of incubation (Figure 1). Application of the highest N rate (120 kg N ha-1) on the 209 

variety Madda Walabu resulted in  a significantly higher percentage of total number of 210 

normal seedlings and proportion of germinating seeds in the early incubation period 211 

(4th to 5th days). However, for the local variety, the proportion of germinating seeds in 212 

the same period did not differ among treatments. For the local variety, application of 213 

120 kg N ha-1 resulted in the highest proportion of germinated seeds but on the 6th day 214 

of incubation (Figure 2). Generally, the percentage of seed that germinated during the 215 
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incubation period more or less followed a normal distribution curve that predicts the 216 

time to seedling emergence under different N application treatments. 217 

 218 

 219 

 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 
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 231 

 232 

 233 

 234 
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 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

 248 

 249 

Figure 1. Effect of N application rate on germination of normal seedlings of improved 250 

and local bread wheat varieties   251 

252 
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 282 

 283 

 284 

Figure 2. Effect of N application rate on germination of normal seedlings per day of 285 

improved and local bread wheat varieties   286 

 287 

Analysis of variance, for the data obtained at the end of the incubation period, revealed 288 

a significant influence of N rate and time of N application on the percentages of normal 289 

and abnormal seedlings, and dead seeds. The analysis showed there was no effect of 290 

time of N application on the proportion of fresh ungerminated seeds. Across all N rates 291 

and times of application.  However, the varieties differed significantly (P = .01) in terms 292 

of the percentage of normal and abnormal seedlings. However, the varieties did not 293 
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interact with N rate and time of applications to influence all the germination 294 

components.  295 

 296 

The highest percentage of normal seedlings (93.3%) was obtained in response to the 297 

application of 120 kg N ha-1 and the lowest percentage (88.6%) was obtained at 30 kg 298 

N ha-1. Conversely, the highest percentage of abnormal seedlings (5.8%) was 299 

observed at the lowest N application rate and the lowest (3.6%) was obtained at the 300 

highest N application rate. The percentage of dead and fresh ungerminated seed 301 

decreased significantly in response to increased rates of N application. Averaged over 302 

all N supply treatments, the variety Madda Walabu produced a higher percentage of 303 

normal (92.2%) and a lower percentage of abnormal (4.1%) seedlings. This indicates 304 

the superiority of the improved wheat variety over the local variety in terms of 305 

germination capacity.  306 

 307 

The three times of N application treatments gave the highest percentages of normal 308 

seedlings while the two times of N application gave the lowest percentage. These 309 

results are consistent with other findings [8, 15] in which significantly higher percentage 310 

of normal seedlings reported in response to application of higher rates of N. The higher 311 

percentage of normal and lower percentage of abnormal seedlings in response to the 312 

application of the highest N rate in the three times split might reflect the significant role 313 

played by N in enhancing assimilate accumulation in the seeds, which may have  314 

promoted seedling growth in this study. These results evidently accentuate the 315 

importance of N for improved wheat seed germination, and hence improved crop 316 

productivity.  317 

 318 

The varieties significantly differed in the percentages of fresh ungerminated seeds and 319 

dead seeds, in which variety Madda Walabu had the lowest proportions. The result 320 

indicates the importance of field application of higher N fertilizer rates on a wheat crop 321 

to minimize non-germinating seeds. Seeds produced in response to N application of ½ 322 

at sowing and ½ at mid-tillering (½P and ½MT) had a 28.6% higher percentage of dead 323 

seeds than seeds produced with three times of application. The superiority of the three 324 

times of N application in lowering the number of dead seeds  may be attributed to the 325 

importance of applying N at the three critical growth stages  for the synthesis and 326 
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accumulation of assimilate in seed during grain filling that promoted not only seed 327 

yield, as shown in the preceding sections, but also seed planting values.  328 

 329 

3.2. Seed Germination Speed, Seedling Dry Weight and Vigor Index 330 

Analysis of variance indicated a significant (P = .01) effect of field N application and 331 

timing on seed germination speed, seedling dry weight, and seedling vigor index. 332 

There were also significant variations between the varieties for the measured 333 

parameters. However, the varieties did not interact with N rate and time of application. 334 

 335 

Seed germination calculated from the 4th to the 8th (final) days of the standard 336 

germination test revealed higher speed of seed from plants supplied with 120 kg N ha-
337 

1. Field application of 30 kg N ha-1, on the other hand, gave a significantly lower seed 338 

germination speed (Figure 3). Nitrogen application of ¼ at sowing, ½ at mid-tillering 339 

and ¼ at anthesis (¼P, ½MT and ¼A) resulted in a significantly higher speed of seed 340 

germination. 341 

 342 

Nitrogen application at 120 kg N ha-1 also resulted in higher germinal seedling dry 343 

weight (38.2 mg seedling-1). Each increase in N application resulted in a significant 344 

increase in germinal seedling dry weight. Mean comparison of the varieties indicated a 345 

higher seedling dry weight of Madda Walabu compared to Hollandi, by 9.7%. Seeds 346 

obtained in response to the application of N in two equal splits at sowing and mid-347 

tillering (½P and ½MT) resulted in lower seedling dry weights compared with the three 348 

times of N application treatments (Figure 4).  349 

 350 

Seedling vigor index was also significantly increased with increased rates of N 351 

application in which the highest (35.7) and the lowest (27.9) indices were obtained at 352 

120 and 30 kg N ha-1, respectively (Figure 3). The difference between the varieties in 353 

vigor index was 11.9% higher for the improved variety. The vigor index of seed 354 

produced by plants treated with ½P and ½MT was significantly lower than the vigor 355 

index of seeds from plants treated with three times split N applications (Figure 4).  356 

 357 

The higher germination speed, seedling dry weight and vigor index of seed from plants 358 

supplied with higher N rates and three times of application may be ascribed to 359 

increased assimilate synthesis and translocations to the grain which may have resulted 360 
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in higher contents of protein and other food reserves. Corroborating these results, 361 

other authors [8, 15] also reported vigorous seedling growth for seeds obtained from 362 

wheat plants supplied with high N rates.   363 

 364 

 365 

 366 

 367 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

Figure 3. Seed germination speed, seedling dry weight and vigor index of bread wheat 383 

seeds obtained from crop supplied with different N rates 384 
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 417 

 418 

 419 

Figure 4. Seed germination speed, seedling dry weight, and vigor index of bread wheat 420 

seeds obtained from crop supplied with N at different growth stages 421 

 422 

 423 
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4. CONCLUSION 424 

 425 

Low available soil N and low rates, as well as ill-timing of N application are major 426 

constraints limiting the sowing value of seed produced in major wheat growing areas of 427 

Ethiopia. The results of this study indicate that the capacity of seed germination and 428 

seedling growth was significantly enhanced in response to increased application of N in 429 

splits of three doses at three distinct growth stages of a wheat crop. The highest values 430 

for seed germination speed, seedling dry weight and vigor index were obtained at the 431 

application of 120 kg N ha-1. In-season N applications of ¼P, ½MT and ¼A and ⅓P, 432 

⅓MT and ⅓A also resulted in the highest seed germination capacity and seedling 433 

vigor. The improved wheat variety showed higher performance for these variables than 434 

the local variety. It could, therefore, be concluded that application of 120 kg N ha-1 in 435 

three splits at sowing, mid-tillering and anthesis resulted in optimum seed germination 436 

capacity and seedling performance of the variety in the study areas. Therefore, farmers 437 

should cultivate the improved Madda Walabu variety by applying 120 kg N ha-1 in three 438 

splits during the three distinct growth stages of the plant for optimizing the planting 439 

values of seed produced and productivity of the crop in the region.  440 

 441 
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