
 

 

Combination nutrient management for sustainable economically effect on 

onion (Allium cepa L.) seed production at Maitsebri, Northern, Ethiopia 

 

ABSTRACT 

Field experiment was conducted at research station of Shire-Maitsebri Agricultural Research Center, 

located in northern Ethiopia to study the combination nutrient management for sustainable economically 

effect on onion (Allium cepa L.) seed production during 2016/17 dry season under irrigation. Bombay 

Red onion variety was used for the study. The treatments consisted of five NP fertilizer rates {0, 25 %, 50 

%, 75 % and 100 % of recommended NP fertilizer rates (69 kg N and 92 kg P2O5 ha-1)} and four rates of 

vermicompost (0, 2.5, 5.0, 7.5 t ha-1). The experiment was laid out in a factorial arrangement using 

randomized complete block design with three replications. Data were collected on onion seed production. 

The results revealed that number of seeds per umbel, seed weight per umbel, and thousand seed weight 

were significantly affected by the main effect of NP fertilizer rates and vermicompost. The highest seed 

yield  per hectare (1462.5 kg ha-1) were obtained from plants grown at 75 % of RDF with vermicompost 

at 2.5 t ha-1 which were about 263% higher than seed yield from unfertilized control plot. Seed purity was 

significantly (P<0.05) improved by NP fertilizer and vermicompost. The interaction effect NP fertilizers 

and vermicompost also improved germination percentage, speed germination, seed vigour I and II. The 

highest net benefit (Birr 443693.5 ha-1) was recorded from application of 75 % of RDF with 2.5 t 

ha-1 vermicompost. It can, thus, be concluded that the combined application of 75 % of RDF with 

vermicompost at 2.5 t ha-1 can improve yield and quality of seed of Bombay Red onion variety in the study 

area.  

Keywords: Maitsebri, Onion, Combination, NP fertilizers, Vermicompost, benefit 

1. INTRODUCTION 

Onion (Allium cepa L.) is one of the most important biennial plant, but commercially grown as annual 

vegetable crops [10] [32]. They are cross pollinated, cool season and tolerant to frost vegetable crops. 

They are highly sensitive to day length; varieties are classified as either short day, intermediate and long 

day cultivars [9] [30] [40]. 

Onion is an important bulb crop in Ethiopia. It is rapidly becoming a popular vegetable. Shallots were the 

traditional alliaceous crop of the Ethiopian high land, but research efforts so far made in the country have 

resulted in the development of onion varieties which are currently under wider production in different 

parts of the country [21] [12] [25]. 

Besides bulb production, there is a great potential for seed production in our country. Seed yield reaching 

about (1.1 t ha-1) in Melkasa Agricultural Research center experimental site and on average 1.3 – 2.0 t ha-1 

[27]. In Tigray, particularly in the study area, they also have a potential to bulb as well as quality seed 

production (Personal observer). Seed production is one of the most important and potential area in the 
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success of onion production that can bring a high economic benefit for small scale farmers. Onion seed 

prices are very high which provides a good motivation for prospective producers of seeds.  

The bottleneck problem for high production and productivity is limited availability of quality seed, in 

addition to lack of adaptable high yielding varieties, lack of proper soil fertility management practice and 

other agronomic practices, diseases and insects etc. The problem of farmers throughout the country is that 

they have little knowledge on the optimum amount of NP fertilization and advantage of incorporatic 

organic fertilizer especially vermicompost with inorganic fertilizer for the production of bulb as well as 

quality of seed onion [42] [27]. Farmers in Tigray, particularly in Northwestern Zone of Tigray also faced 

problems similar to other farmers in the country.  

The nutrient management paradigm acknowledges the need for both inorganic NP and organic inputs 

especially vermicompost to sustain soil health, quality crop production and prevent soil degradation due 

to positive interactions and complementarities between them [33] [39] [20] [22]. Therefore, the aim of 

this research was study the effect of inorganic NP fertilizers and vermicompost on seed yield and seed 

quality of onion under irrigation on Tselemti woreda, Northern Ethiopia.  

2.MATERIALS AND METHODS 

The field experiment was conducted at the research station of Shire-Maitsebri Agricultural Research 

Center, northern Ethiopia, during the dry season of 2016/2017. The experimental site is located 85 km 

from Shire along the way Shire to Gondar and lies at 13005'N and 38008'E and at an elevation of 1304 

meters above sea level. The mean annual temperature ranges minimum of 15.66 oC (November-January) 

and maximum of 36.64 oC (February-May). It is a low altitude area with average 5 years annual rainfall of 

1296.5 mm.  

 ‘Bombay Red’ onion variety, one of the most commonly and widely used variety in Northwestern Zone 

of Tigray was used for the study. The sources of the NP fertilizers were urea (46 % N) and Triple Super 

Phosphate, TSP (46 % P2O5) for supplying nitrogen and phosphorus, respectively. The vermicompost was 

obtained from Shire Agricultural Collage.  

The treatments comprise of 4 x 5 factorial combinations of vermicompost (0, 2.5, 5.0 and 7.5 t ha-1) and 

NP fertilizers {0, 25 %, 50 %, 75 % and 100 % of recommended NP rates (69 kg N and 92 kg P2O5 ha-1)}. 

The treatments were replicated three times and laid out in a randomized complete block design.  

The planting materials were medium sized bulbs of uniform diameter (4-5 cm), which were free from 

insect, disease and mechanical injuries, twins or split and very large were discarded. The planting 

materials were collected from Kobo-Alamata and were kept in storage house on wooden shelves for 15 

days [27]. Before planting, one fourth of the bulb tops were sliced off to promote sprouting [35]. The 

selected bulbs were planted on 10 October 2016. The bulbs were planted to a depth of about 5 cm and 

covered with soil. All of the phosphorus fertilizer rates in the form of TSP and vermicompost were 

applied once along the rows at planting. Urea as nitrogen source was applied in split application where 

half rate was applied at planting and the other half a month after emergence. 
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Onion bulbs were planted in double row spacing at 50 x 30 x 20 cm. The spacing between furrows was 

kept at 50 cm and between the double rows at 30 cm and between plants 20 cm [12] [27] [15]. There were 

five double rows per plot and 28 plants in single double rows. The blocks were separated by 1.5 m width 

whereas the space between each plot within a block was 1.0 m. 

Data were collected from the four double rows excluding the two extreme single rows on both sides. 

Eight stalks were randomly taken per plot for data collection. The plots were irrigated as per the 

recommendation for the area, i.e. at the interval of three days during the first phase of active growth of the 

plant. Later, the irrigation gap was increased to seven days interval [21]. Hoeing was done manually and 

the field was kept free of weeds throughout the growing period. For the control of disease (Purple blotch 

(Alternaria porri) and Downy mildew (Perenosporus destractor) Ridomil Gold 68WP and Thilt 250 EC 

with the rate spray of Ridomil at 2.5 kg ha-1 and Thilt 250 EC at 400 ml ha-1 were applied. For control of 

Thrips (Thrips tabaci) Dimethiote spray at 20 ml 15 lit-1 water was used [27]. 

Harvesting was started when greater than 50 % of black seeds were exposed on an umbel and was done 

by hand. All umbels per plant do not mature at one time due to difference in the stalks to flowering; hence 

harvesting may take 3-4 times. The umbels were dried on canvas and threshed by hand. The seeds were 

separated from stalks and other debris by winnowing and the chaff seeds were separated from well filled 

seeds by soaking seeds in water.  The floating seeds were discarded as chaffy seeds because they are 

hollow and unable to sink in water while the sinking ones were considered as well filled and viable. The 

sinking seeds were dried under shade to 8 % moisture content, weighted and recorded as seed weight per 

plot [27]. 

 

3.  Data Collection  

Seed yield and seed quality parameters 

Number of seeds per umbel: five umbels were randomly taken from the 8 randomly sampled plants in 

each plot and then dried, threshed and counted to obtain number of seeds per umbel.   

Seed weight per umbel (g): the weight of five randomly taken sample umbels was harvested to determine 

number of seeds per umbel weighted and adjusted to a moisture content of 8% and the average weight of 

seeds was calculated by dividing the total weight to number of the umbels.  

Seed yield (kg ha-1): The yield was estimated from seed yield per plot. 

1000 seeds weight (g): sample of seeds from the bulk in each plot was taken and 1000 seeds were 

manually counted and weighed using a sensitive balance after adjusted to the moisture content of 8%.    

      Purity seed test (%): is the composition by weight of pure seed in a sample. Seed samples were carefully 

prepared in order to represent the whole seed plot.  
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Germination percentage (%): the test was performed according to [19] rules. Seeds were placed on Petri 

dishes below and above filter paper and allowed to imbibe water with distilled water which was kept at 

room temperature until 12 days. A seed was considered germinated when approximately 1 mm radicle 

protrusion was attained. Then percent germination was determined from counts of normal seedlings and 

the total seeds placed on Petri dishes. Results were expressed as germination percentages. 

Speed of germination: Seeds were placed on Petri dishes as it was done for germination test and the 

germinated seeds every day was counted, picked and removed from the Petri dishes starting from the first 

germination up to the final count when germination ceased. Speed of germination then determined by 

counting germinated seed every day and it was divided by the number of days for which the test is run. 

The speed of germination (SPG) was calculated according to the formula of [23].  

               
Where N1 = number of normal seedlings at first count, N2 = number of normal seedlings at second count, 

Nf = number of normal seedlings at final count, C1 = days to the first days to the first count, C2= days to 

the second days to the second count, Cf = days to the final count. 

Seedling vigour test: the test was performed simultaneously with the standard germination test. At the 

final count of seed germination, 10 normal seedlings were selected from each Petri dish and the length of 

shoot and roots of the seedlings as well as the seedling dry weight were measured as per the procedure 

described below.  

Shoot length (cm): the shoot length of ten normal seedlings from the germination test was measured from 

the collar region to the point of attachment to the cotyledon and the average shoot length was calculated.  

Root length (cm): seedlings used for the shoot length measurement was used for measuring root length. 

The length of roots was measured from the collar region up to the tip of primary root and was express as 

mean root length in centimeter. 

Seedling dry weight (g): ten selected seedlings that were used for shoot and root length measurement for 

each treatment combinations were used to determine the dry weight of seedlings. The seedlings were 

dried in a hot air oven at 70 + 10C for 48 hours and cooled in desiccators for one hour. Seedling dry 

weight was measured and the average weight was calculated.   

Seedling vigour index I and II: After measuring the seedling shoot and root length as well as seedling dry 

weight, the seedling vigour index I and II were calculated according to the formula described by [1] as 

follows:  

Seedling vigour index I: it was determined by multiplying seed germination percentage by sum of shoot 

and root length as:  

                     Germination (%) x Seedling length [Seedling Root length + Shoot length (cm)]  

Seedling vigour index II: it was determined by multiplying seed germination percentage by seedling dry 

weight as:  
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Germination (%) x Seedling dry weight (g) 

Data analysis: The collected data was subjected to analysis of variance (ANOVA) using Gen Stat 14th 

edition statistical software according to [16] statistical procedure. Data on the seed quality test were also 

subjected to analysis of variance for CRD. Mean comparison was done using least significant difference 

(LSD) at 5% probability level. 

Partial Budget Analysis  

Partial budget analysis (PBA) was employed for economic analysis of inorganic NP fertilizer, 

vermicompost application and it was carried out for combined seed yield data. The potential response of 

crop towards the added fertilizers and price of fertilizers during planting ultimately determined the 

economic feasibility of fertilizers application. The economic analysis was computed using the procedure 

described by [11].   

Gross average seed yield (kg ha-1) (AvY): is an average yield of each treatment. 

Adjusted yield (AjY): was the average yield adjusted downward by a 10 % to reflect the difference 

between the experimental yield and yield of farmers [11].    

AjY = AvY- (AvY*0.1) 

Gross field benefit (GFB): was computed by multiplying field/farm gate price that farmers receive for 

the crop when they sale it as adjusted yield.   

Total cost: was the cost of DAP, urea, vermicompost, cost for application and transportation used for the 

experiment. Their prices were based on 2016 price during planting. The costs of other inputs and 

production practices such as labor cost for land preparation, planting, weeding, crop protection and 

harvesting was assumed to remain the same or the difference was insignificant among treatments. 

Net benefit (NB): was calculated by subtracting the total costs from gross field benefits for each 

treatment.             NB = GFB – total cost 

Marginal rate of return (MRR %): was calculated by dividing change in net benefit by change in cost 

which is the measure of increasing in return by increasing input.    
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4.  RESULTS AND DISCUSSION 

Number of seeds per umbel 

Main effect of NP fertilizer and vermicompost showed significant (P<0.05) differences on the number of 

seeds per umbel. The highest numbers of seeds per umbel were recorded in plots which received 50, 75 

and 100 % RDF NP fertilizer rates compared with unfertilized and 25% RDF NP fertilized plots. The 

seeds per umbel from 75% RDF NP fertilizer was 32.89% more compared with nil application of NP 

fertilizers, (Table 1).   

This result was similar with the reports of [15] who found that the highest number of seeds per umbel was 

recorded from 115 N kg ha-1 and 114 P2O5 kg ha-1 and lowest from control with no significant difference 

from plants that received 85.5 N and 86.25 P2O5 kg ha-1.  

Vermicompost fertilized plots gave significantly more number of seeds per umbel (than VC unfertilized 

plots (Table 1). The increment in seed per umbel was about 9.3 and 14.70% as VC application rate 

increased from nil to 2.5 and 5.0 t ha-1, respectively. In agreement with the present result, vermicompost 

have been shown to increase the number and biomass of the flowers produced [8] [6] and increase the 

number of fruits of vegetable crops such as tomato and strawberries [7] [34].  

Seed weight per umbel (g) 

Seed weight per umbel was significantly (P<0.05) affected by the main effect of NP fertilizer and 

vermicompost application. The highest significant seed weight per umbel was obtained from plants grown 

at 75 % of RDF NP fertilizer (3.02 g) which was statistically at par with the application of 50 % RDF (2.8 

g) and 100% RDF (2.97 g) NP fertilizer rates. Significantly small seed weight (2.28 g) per umbel was 

recorded from nil application of NP and followed by 25 % RDF NP fertilizer (2.63 g). The increase in the 

seed weight per umbel at 75% RDF NP fertilizer applied plots compared with unfertilized plots was about 

32.46% (Table 1). The result was in agreement with the study of [15] and [4] who reported that seed 

weight per umbel was significantly increased by NP fertilizer 115 N kg ha-1 & 114 P2O5 kg ha-1 and 150 

N & 80 P2O5 kg ha-1 application respectively.  

In the same way, plots which received vermicompost at 5.0 and 7.5 t ha-1 gave significantly highest seed 

weight of 2.86 and 2.85 g per umbel respectively, compared with nil vermicompost application (2.51 g) 

(Table 1). The increase in seed weight from nil to 5.0 t ha-1 vermicompost application was by about 

13.94%. No statistical differences in seed weight per umbel between nil and 2.5 t ha1 vermicompost 

applications and 2.5 t ha-1 vermicompost with 5.0 and 7.5 t ha-1 vermicompost application rates. The 

increased seed weight per umbel could be due to the role of vermicompost which is known to contain 

micronutrients apart from major nutrients and to contain several plant growth promoters, enzymes, 

beneficial bacteria and mycorrhizae [17].  
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Table 1. Yield Components of Onion Seed as Affected by NP fertilizers and Vermicompost 

Inorganic NP fertilizer   

(% of RDF) 

Number of seeds 

per umbel 

Seed weight per 

umbel (g) 

1000 seeds weight 

(g) 

 0  675.0 b 2.28 c 3.10 c 

25 % of RDF  714.2 b 2.63 b 3.26 bc 

50 % of RDF  825.3 a 2.80 ab 3.39 ab 

75 % of RDF  897.0 a 3.02  a 3.46  a 

100 %  of RDF 860.0 a 2.97  a 3.41 ab 

LSD (5%) 83.0 0.284 0.164 

VC (t ha-1)    

0                                    724.7 b 2.51 b 3.20 b 

2.5 792.4 ab 2.73 ab 3.31 ab 

5.0 831.2 a 2.86 a 3.39 a 

7.5 829.0 a 2.85 a 3.39 a 

LSD (5%) 74.3 0.249 0.051 

CV (%) 12.6 12.3 6.0 

Means followed by the same letter in the same column are not significantly different at 5 % probability 

level according to LSD. N = Nitrogen, P = Phosphorus, RDF = Recommended Dose of Fertilizers, VC = 

Vermicompost 

Thousand seeds weight (g) 

The analysis of variance showed that 1000 seeds weight was significantly (P<0.05) influenced by the 

main effect of NP fertilizer and vermicompost while, NP fertilizers and its interaction with vermicompost 

did not show significantly results in 1000 seeds weight.   

 The highest 1000 seeds weight was recorded from plants which received 75% of RDF NP fertilizers 

(3.46 g) which was significantly different from nil and 25% RDF NP application. No significant statistical 

differences in 1000 seed weight due to variation among 50, 75 and 100% RDF NP fertilizer application 

(Table 1). Application of 75% RDF NP fertilizer gave 11.61% increase in 1000 seed weight compared 

with NP unfertilized plots. 

The current result is in line with that of [15] who reported significantly higher 1000 seeds weight from 

plants that grown with NP fertilizer application. In okra thousand seed weight reported the interaction of 

N and P significantly recorded maximum 1000 seeds weight over the control plots [32].  Nitrogen and 

phosphorus are involved as building block of the seed materials there by increased the weight of the seed 

of the onion [24]. [28] and [29] reported that higher rates of fertilizers application produced heavy weight 

seeds. On the other hand, the current study results were in contrast to [38];[3] and [4] who reported that 

nitrogen and phosphorous fertilizers did not show significant effect on 1000 seeds weight. 

Vermicompost at 5.0 and 7.5 t ha-1 gave significantly highest 1000 seed weight (3.39 & 3.39 g) compared 

with vermicompost unfertilized plots. Vermicompost at 2.5 t ha-1 at par with higher rates of vermicompost 

application rates in 1000 seed weight (Table 1). As vermicompost rates increased, the 1000 seed weight 
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was also increased. This might be due to that vermicompost contains additional essential micronutrients 

actively involved as building block of the seed embryo by increased the weight of the seed onion [14].   

Seed yield per hectare  

The highest seed yield (1462.5 kg ha-1) was obtained from plots which received 75 % RDF NP x 2.5 t ha-1 

VC applications, followed by 50 % RDF NP x 5.0 t ha-1 and 75% RDF NP x 7.5 t ha-1 VC with no 

significant difference among them. The lowest seed yield per hectare was obtained from the plots with no 

NP fertilizer x no VC followed by 25% to 75% RDF NP fertilizer without VC and no NP fertilizer with 

2.5 t ha-1 VC, which didn’t vary significantly (Table 2). Application of 75% RDF NP x 2.5 t ha-1 gave 

263% seed yield ha-1 increment compared with no NP fertilizers and no VC application rates.  

The combination of vermicompost with chemical fertilizer increases the budget of essential soil 

micronutrients and promotes microbial population, which ultimately promotes the plant growth and 

production at sustainable basis [37]. The current result was in agreement with the work of [2] who found 

that application of N at a rate of 46 kg N ha-1, 92 kg P2O5 ha-1 and vermicompost from 0 to 5.0 t ha-1 

increased the total bulb yields of garlic by about 14.29, 20.61 and 9.57 % as compared to the untreated 

control, respectively. In onion bulb production highest yield was obtained with 50% of nitrogen fertilizer 

with 5.0 t ha-1 vermicompost applications [41]. Similarly, [11] showed that highest total yield of potato 

tuber 29.59 t ha-1 were obtained with combination of 75 % of RDF NP fertilizer combined with 8.0 t ha-1 

vermicompost.   

Table 2. Seed Yield (kg) per hectare of Onion as Affected by NP fertilizer and Vermicompost  

VC  

(t ha-1) 

Inorganic NP fertilizer (% RDF) 

 0 25% RDF 50%  

RDF 

75%  

RDF 

100% RDF 

0 402.8  h 454.7 h 527.8  gh 597.2 gh 743.1 fg 

2.5 553.5 gh 865.2 ef 1192.3 bcd 1462.5 a 1189.7 bcd 

5.0 948.1 def 869.3 ef 1448.6 a 1356.9 abc 1145.8 bcd 

7.5 1050.9 de 958.8 def 1300.8 abc 1385.2 ab 1128.5 cd 

LSD (5 %) = 217.4 

CV (%)      = 13.4 

Means with the same letter(s) in each treatment were not significantly different. LSD (5%) = least 

significant difference at P=0.05, CV (%) = Coefficient of variation in percent, VC = Vermicompost, N = 

Nitrogen, P = Phosphorus, RDF = Recommended Dose of Fertilizers 
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Seed Quality Parameters 

Purity seed test (%) 

The main effect of NP fertilizer and vermicompost significantly (P<0.05) affected purity of seed while, 

NP fertilizer and its interaction with vermicompost did not significantly affect purity seed test.  

The highest significant purity seed test (98.5 – 99 %) were obtained from the main effect of NP fertilizer 

at 50- 100%  RDF NP fertilizer rates with no statistical difference among them while lowest purity was 

recorded from nil NP fertilizer rate which did not show significant differences in purity from 25% RDF 

NP fertilized plots (Table 3).  

Likewise vermicompost application at the rate of 5.0 and 7.5 t ha-1 gave highest seed purity percentage 

while the lowest purity was recorded from seeds that did not receive VC fertilizer which was at par with 

2.5 t ha-1 VC applied plots (Table 3).   

According to the International Rules for Seed Testing [18], onion seed’s minimum purity is 97 % and the 

world standard of seed purity percentage for onion is set to be 97-98 % [13]. So, the present purity test 

result was above the [18] and [13] for onion crops when grown on NP fertilizer rates at 50, 75, and 100 % 

of RDF and vermicompost at 7.5, 5.0 and 2.5 t ha-1. 

Table 3. Main effect of inorganic NP fertilizer and vermicompost on purity seed test (%) quality 

parameters of Bombay Red onion variety grown at Maitsebri 

Inorganic NP fertilizer  (%  of RDF) Purity seed test (%) 

 0  96.31 c 

25 %  of RDF  96.80 bc 

50 % of RDF  98.47 ab 

75 % of RDF  98.92 a 

100 %  of RDF 98.59 ab 

LSD (5%)  1.787 

VC (t ha-1)  

0 96.51 b 

2.5 97.64 ab 

5.0 98.51 a 

7.5 98.61 a 

LSD (5%) 1.598 

CV (%)   2.2 

Means in rows and columns with the same letter(s) in each treatment are not significantly different. LSD 

(5%) = least significant difference at P=0.05, CV (%) = Coefficient of variation in percent. 

Germination percentage (%) 

Germination percentage was significantly (P<0.01) affected by the main effect of NP fertilizers, 

vermicompost and the effect of the two factors interaction. The highest germination percentage (95.67- 

Commented [VA29]: Rewrite with “The Main” 



 

 

97.67 %) was counted at NP fertilizer and VC interaction of 50 % and above RDF combined with all 

levels of VC as well as 25% RDF combined with VC 5.0 and 7.5 t ha-1. The lowest germination 

percentage was 82% from no NP and no VC fertilized plots which did not have significant difference with 

nil NP x 2.5 t ha-1 VC (Table 4). Application of 5.0 and 7.5 t ha-1 VC significantly improved seed 

germination percentage compared to the control and lower level of VC.  

In agreement with the present result, [42] indicated that vermicompost helps in minimizing the use of 

chemical fertilizer to the extent of 25 to 50 percent. The reason behind this could be the interaction of NP 

fertilizers with vermicompost in increasing the proportion of seed umbels, thus improving seed quality. 

This is because the embryos of seeds are larger from large sized umbels and due to the active involvement 

of the minerals in development of embryo and in buildup and activation of seed germination hormones 

[36]. The vermicomposts contains plant growth regulating substances including plant growth hormones 

and humic acids which are probably responsible for increase in germination, growth and yield of plants 

[8] [5]. 

According to [21] the germination percentage of 90-94 % is considered as high and 70 % as minimum 

requirement for most onion cultivars under Ethiopian condition. In this study, 75 % treatments produced 

seeds with >92% germination which could be categorized as high germination percentage and none of the 

treatments produced seeds with <82% germination indicating all the treatment combinations were 

producing seeds either with highest or above the minimum germination requirement of onion seeds in the 

country. 

Table 4. Interaction effect of NP fertilizer and vermicompost on germination percentage (%) of Bombay 

Red onion variety grown at Maitsebri 

VC  

(t ha-1) 

Inorganic NP fertilizer (% RDF) 

 0 25% RDF 50%  

RDF 

75%  

RDF 

100% RDF 

0 82.00 e 87.67 cd 95.33 a 97.00 a 96.67 a 

2.5 82.67 e 92.33 b 96.67 a       97.67 a 97.67 a 

5.0 86.33 d 95.67 a 97.67 a       97.67 a 97.33  a 

7.5 89.00 c 96.00 a 97.33 a       97.67 a 97.00  a 

LSD (5 %) = 2.391 

CV (%)      = 1.5 

LSD (5%) = least significant difference at P=0.05, CV (%) = Coefficient of variation in percent, ns= non 

significant. Means with the same letter(s) in each treatment were not significantly different. VC = 

Vermicompost. 

Speed of germination  

The main effect of NP fertilizers and vermicompost with their interaction had highly significantly 

(P<0.01) influenced on speed of germination. The fastest speed of germination (33.63%) was recorded 

from plots received application of VC at 5.0 t ha-1 without NP fertilizers, followed by 2.5 t ha-1 VC with 
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no NP fertilizers and no VC and no NP fertilized plots (control) and they differed significantly among 

each other (Table 5).  

 

The fast rates of germinations might be due to the small sized seeds produced from those treatments and 

the ability of small seeds to germinate early as small seeds have small surface area and can imbibe enough 

moisture at a short time and commence the process of germination [26]. 

Table 5. Interaction effect of NP fertilizer and vermicompost on speed germination of Bombay Red onion 

variety grown at Maitsebri 

VC  

(t ha-1) 

Inorganic NP fertilizer (% RDF) 

 0 25% RDF 50%  

RDF 

75%  

RDF 

100% RDF 

0 31.50 c 28.47 d 26.43 f 27.43 e 24.50 h 

2.5 32.50 b 25.43 g 25.53 g 22.60 j 23.80 i 

5.0 33.63 a 25.50 g 23.27 i 22.57 j 24.53 h 

7.5 28.60 d 24.87 h 23.43 i 21.77 k 24.63 h 

LSD (5 %) = 0.5766 

CV (%)      = 1.3 

Means with the same letter(s) in each treatment were not significantly different. LSD (5%) = least 

significant difference at P=0.05, CV (%) = Coefficient of variation in percent, VC = Vermicompost, N = 

Nitrogen, P = Phosphorus, RDF = Recommended Dose of Fertilizers 

 Seed vigour index  

 The main effect of NP fertilizers, vermicompost and their interaction showed highly significant (P<0.01) 

influenced on seed vigour index I and II. The highest seedling vigour index I (1022.2) was obtained from 

the interaction of NP fertilizer 75 % RDF with VC 5.0 t ha-1, followed by NP fertilizer 75 % RDF with 

VC 7.5 t ha-1 and NP fertilizer rate 75 % RDF x VC 2.5 t ha-1 and NP fertilizer 50 % RDF with VC 7.5 t 

ha-1 which did not have significant difference among themselves. However, the lowest (623.2) seedling 

vigour index I was recorded for seeds which did not receive NP fertilizer and vermicompost followed by 

VC at 2.5 t ha-1 alone (672.3) (Table 6). 

Table 6. Interaction effect of NP fertilizers and vermicompost on seedling vigour index I of Bombay Red 

onion variety grown at Maitsebri 

VC  

(t ha-1) 

Inorganic NP fertilizer (% RDF) 

 0 25% RDF 50%  

RDF 

75%  

RDF 

100% 

RDF 

0 623.2 j 739.0 h 858.1 def 863.2 def 876.5 cd 

2.5 672.3 i 817.8 g 866.8 de 1005.9 ab 999.4 ab 

5.0 739.5 h 845.1 ef 996.2 b 1022.2 a 892.1 c 

7.5 756.2 h 841.6 f 1002.5 ab 1015.7 ab 879.5 cd 



 

 

LSD (5 %) = 22.69 

CV (%)      = 1.6 

Means with the same letter(s) in each treatment were not significantly different. LSD (5%) = least 

significant difference at P=0.05, CV (%) = Coefficient of variation in percent, VC = Vermicompost, N = 

Nitrogen, P = Phosphorus, RDF = Recommended Dose of Fertilizers 

 Likewise, the highest vigour index II (47.86) was recorded from interaction of NP fertilizer 75 % RDF x 

VC at 2.5 t ha-1, which did not vary statistically from those of NP fertilizer at 75 % RDF x VC at 5.0 t ha-1 

(46.55). Moreover, NP fertilizer at 50 and 75% RDF x 7.5 t ha-1 and NP fertilizer at 50% RDF x VC at 

5.0 t ha-1 had statistically similar seedling vigour index II (45.58- 45.75).  On the other hand, significantly 

lowest vigour index II (10.18) was obtained from seeds in which the plants did not receive NP fertilizer 

and VC (Table 7).  

The increase in seedling vigour in response to increasing the rate of vermicompost may be ascribed to 

several growth promoters, enzymes, beneficial bacteria and mycorrhyzae contained in vermicompost that 

led to high seedling vigour index through facilitating photosynthetic activities thereby increasing 

portioning of assimilate to the seed storage organ [17]. Furthermore, large seed size has more food reserve 

in cotyledon of the seed to sustain the seedling growth and make seedlings to be vigorous than the smaller 

seed sizes whose food reserve could be exhausted very soon [26]. 

The works of [38], [3], [4] and [15] show that high NP fertilizer applied gave vigorous seedlings. But, 

result of this study gave the highest seedling vigour index II when NP fertilizer 75 % RDF was combined 

with vermicompost at 2.5 t ha-1 which show the advantage of integrated NP fertilizer with vermicompost 

and the role of vermicompost which is known to contain micronutrients apart from major nutrients [14].  

 

Table 7. Interaction effect of NP fertilizer and vermicompost on seedling vigour index II of Bombay Red 

onion variety grown at Maitsebri 

VC  

(t ha-1) 

Inorganic NP fertilizer (% RDF) 

 0 25% RDF 50%  

RDF 

75%  

RDF 

100% 

RDF 

0 10.18 m 14.90 l 29.87 ij 32.33 g 36.73 e 

2.5 14.33 l 29.02 jk 34.48 f 47.86 a 43.95 c 

5.0 28.20 k 31.00 ghi 45.58 b 46.55 ab 41.21 d 

7.5 30.26 hij 31.68 gh 45.75 b 45.58 b 40.74 d 

LSD (5 %) = 1.364 

CV (%)      = 2.4 

Means with the same letter(s) in each treatment were not significantly different. LSD (5%) = least 

significant difference at P=0.05, CV (%) = Coefficient of variation in percent, VC = Vermicompost, N = 

Nitrogen, P = Phosphorus, RDF = Recommended Dose of Fertilizers. 
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Partial Budget Analysis  

In this study, the partial budget analysis (PBA) was made to determine the most economically acceptable 

treatments (combinations) by estimating the costs and benefits based on the current market price of onion 

seed, NP fertilizers and the spreading costs of vermicompost for the cropping season at the study area, 

following [11],  partial budget analysis guidelines.  

The average yields of 20 treatments were adjusted down wards by 10 %. This is for the reason that, 

researchers have assumed that using the same treatments the yields from the experimental plots and 

farmers’ fields are different, thus average yields should be adjusted downward. In addition to this, to 

obtain the gross field benefits, it is essential to know the field price value of one kg of onion seed during 

harvesting time. Then finally, adjusted yield was multiplied by field price to obtain gross field benefit of 

onion seed. To estimate the total costs, mean current prices of urea, TSP and vermicompost were 

collected at the time of planting and market price of onion seed was taken at harvest (Table 8). 

The partial budget analysis based on the current market price of economic yield (output) and prevailing 

price of inputs during the production period, the highest net benefit of Birr 443,693.5 with the lowest cost 

Birr 16,994 was recorded from the combination of 51.75 N: 69 P2O5 kg ha-1 in conjunction with 2.5 t ha-1 

VC with the marginal rate of 1864% or Birr 18.64. This means that for every Birr 1.00 invested for every 

51.75 N: 69 P2O5 kg ha-1 with 2.5 t ha-1 VC, growers can expect to recover the Birr 1.00 and obtain an 

additional Birr 18. 64. Followed by net benefit of Birr 228,214.5 ha-1 from 69 N: 92 P2O5 kg ha-1 

fertilizers alone with the marginal rate of 1728% and by net benefit of Birr 360,008.5 ha-1 from the 

combination of 34.5 N: 46 P2O5 kg ha-1 with 2.5 t ha-1 VC marginal rate of 1498%. However the lowest 

net benefit (126,882 Birr ha-1) was received in the control treatment (Table 8).   

The minimum acceptable marginal rate of return (MARR %) should be between 50% and 100% [11]. 

Therefore, from the total 20 treatments only 11 treatments were considered for analysis of Marginal rate 

of return (MRR) (Table 8). The marginal rate of return indicates what farmers can expect to gain, on the 

average, in return for their investment when they decide to change from one practice to another. Thus, the 

current study indicated that marginal rate of return is higher than 100% (Table 8). This showed 10 

treatments are economically important since the MRR is greater than 100%. Hence, the most 

economically attractive for small scale farmers with low cost of production and higher benefits were in 

response to the application of combination of 51.75 N: 69 P2O5 kg ha-1 with 2.5 t ha-1 VC. So, these could 

be considered by farmers to improve their income. 
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Table 8. Partial budget analysis due to the application of NP fertilizer and vermicompost on marketable seed yield of Bombay Red 

onion variety grown at Maitsebri 

Treatm

ents 

N: P2O5 rates 

(kg ha-1) 

Vermi 

compost 

 (t ha-1) 

Average 

Seed 

Yield 

(kg ha-1) 

Adjusted 

seed 

yield 

(kg ha-1) 

Gross 

Field 

Benefit 

(ETB ha-1) 

Total cost 

( ETB ha-1)  

Net 

benefit 

(ETB ha-1) 

Marginal 

Return 

(MR) 

Marginal rate 

of return 

(MRR %) 

T1  0 0 402.8 362.52 126882 0 126882 0 0 

T2 17.25: 23  0 454.7 409.23 143230.5 1578 141652.5 9.36 936 

T3 34.5: 46 0 527.8 475.02 166257 3006 163251 12.09 1209 

T4 51.75: 69 0 597.2 537.48 188118 4434 183684 12.81 1281 

T5 69: 92 0 743.1 668.79 234076.5 5862 228214.5 17.28 1728 

T7 17.25: 23 2.5 865.2 778.68 272538 14138 258400 9.3 930 

T8 34.5: 46 2.5 1192.3 1073.07 375574.5 15566 360008.5 14.98 1498 

T9 51.75: 69 2.5 1462.5 1316.25 460687.5 16994 443693.5 18.64 1864 

T13 34.5: 46 5 1448.6 1303.74 456309 28069 428240     10.73 1073 

T18 34.5: 46 7.5 1300.8 1170.72 409752 40566 369216 5.97 597 

T19 51.75: 69 7.5 1356.9 1221.21 427423.5 41994 385459.5 6.15 615 

During experimental period the price of N = 14.40 ETB kg-1 N + 15.00 ETB transport   + application 60.00 ETB 23 kg or 46 kg N ha-1. Price of 

P2O5 = 17.76 ETB kg-1 P2O5 + 15.00 ETB transport + application 60.00 ETB 46 or 92 P2O5 kg ha-1. Vermicompost = 12,500.00, 25,000.00 and 

37,500.00 ETB (5 birr  kg-1 of VC) for 2.5, 5.0 and 7.5 t ha-1 + 60.00 ETB for each application respectively and selling price of onion seed was 350 

ETB kg-1. 

N.B: Urea was used as source of nitrogen and TSP as source of P2O5. 

 



 

 

5. CONCLUSION 

 The field experiment was conducted to determine the integrated management nutrients on 

sustainable economically effect on seed yield and seed quality of onion (Allium cepa L.) under 

irrigation at Maitsebri, northern Ethiopia. The results revealed that the  number of seeds per umbel, seed 

weight per umbel, 1000 seed weight and purity seed test were significantly (P<0.05) affected by the main 

effect of NP fertilizer rates and vermicompost. Moreover, the interaction effect of NP fertilizer and 

vermicompost had highly significant (P<0.01) seed yield per hectare, germination percentage, speed of 

germination, vigour index I and II. Thus, according to this study, maximum seed yield (1462.5 kg ha-1) 

and mostly seed quality parameters were high at 75 % of RDF NP fertilizer with vermicompost at 2.5 t ha-

1 produced 263% more seed yield per hectare. The highest net benefit (Birr 443693.5 ha-1) was also 

recorded from application of 75 % of RDF with 2.5 t ha-1 vermicompost. So, to get better yield and 

higher economic benefit from onion seed productions farmers are suggested to use the combination rates 

of  NP fertilizers at 75 % RDF x VC at 2.5 t ha-1.   
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