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TABLE 1
Description of treatment combination

Treatment Description

T1 Control (0 fertilizer)

T2 150 kgha-1 NPS blended fertilizers 

T3 200 kg ha-1 NPS blended fertilizers 

T4 250 kg ha-1 NPS blended fertilizers 

T5 4 tha-1 Vermicompost

T6 4 tha-1 Vermicompost+150 kgNPS blended fertilizers

T7 4 tha-1 Vermicompost+200 kgha-1NPS blended fertilizers

T8 4 tha-1 Vermicompost+250 kgha-1NPS blended fertilizers

T9 6 tha-1 Vermicompost

T10 6 tha-1 Vermicompost+150 kg ha-1NPS blended fertilizers

T11 6 tha-1 Vermicompost+200 kg ha-1NPS blended fertilizers

T12 6 tha-1 Vermicompost+250 kg ha-1NPS blended fertilizers

T13 8 t ha-1 Vermicompost 

T14 8 tha-1 Vermicompost+150 kg ha-1NPS blended fertilizers

 T15 8 tha-1 Vermicompost+200 kg ha-1NPS blended fertilizers

 T16 8 tha-1 Vermicompost+250 kg ha-1NPS blended fertilizers

TABLE 2
The mean square values of ANOVA for yield and yield components of potato under vermicompost and NPS fertilizer application at 
Gitilo (2019)

Source of 
variation DF

Mean square

Tuber number Tuber Yield  (t/ha)

BM TDM

Tuber category (g/hill)

Mark. Unmark Total Mark. Unmark Total Small <25 
g)

Medium Large(>75 
g)(25-75 g)

Rep 2 0.04 6.4 0.5 0.03 0.6 14.153 183.1 39.7

VC 3 55.8** 1.3** 41.4* 244.1** 0.98** 217.8** 949.9** 8456.2** 546.441** 13979.6** 72574.3**

NPS 3 39.9** 0.3** 31.3** 147.3** 0.07** 141.4** 155.3** 5376.8** 40.154** 16423.8** 28288.0**

VC*NPS 9 1.6** 0.01ns 1.5** 14.1** 0.08** 13.4** 40.8* 561.3** 43.687** 3929.2** 12061.0**

Error 30 0.3 0.04 0.3 1.2 0.01 1.2 14.5 30.6 5.576 481 48.2

Total 47 97.7 8.1 74.5 407.1 1.17 374.4 1188 14432.2

CV% 7.7 12.2 5.8 6.62 10.99 6.46 11.6 5.3 11.01 10.4 3.97

Note: DF: Degree of Freedom, Rep: Replication, *significant at (P=0.05), **significant at (P=0.01), Mark: marketable, Unmark: unmarketable, BM: Biomass yield/plant 
(g), TDM: Tuber Dry Matter yield/plant, VC: Vermicompost, NPS: Nitrogen Phosphorus Sulfur.

tha-1) treatment. The lowest total tuber yield (12.7 tha-1) was recorded from 
the control. Besides this, total tuber yield significantly increased with the 
application of 250 and 200 kg/ha NPS when combined with 8 tha-1 of 
vermicompost, 27.9 and 27.3 tha-1, respectively, and both are statically similar. 
The lowest total tuber yield (9.8 tha-1) was obtained in control (12.0 tha-1) 
(Figure 6). 

Tuber dry weight and biomass yield/plant (g)

Application of 8 tha-1 vermi-compost significantly increased tuber dry 
weight yield (138.5 g/hill) while the main effect of 250 kg/ha NPS was 
significantly higher in terms of tuber dry weight (121.4 g/hill). Moreover, 
treatment that received 8 tha-1 vermi-compost along with 200 kg/ha NPS 
gave significantly higher tuber dry weight yield (173.49 g/hill) followed by 8 
tha-1 vermi-compost application with 250 kg/ha which was 167.6 tha-1 (Figure 
7). Besides this, above ground dry biomass significantly increased from the 
plot where 250 kg/ha NPS integrated with 8 tha-1 of vermin-compost (56.4 
g/hill) followed by application of 8 tha-1 vermi-compost at 200 kg/ha NPS 
(42.6 g/hill) and the lowest aboveground dry biomass (20.5 g/hill) was found 
for control (Figure 8). 

Marketable and unmarketable tuber number/plant

Though the various levels of both factors combinations tend to increase the 
marketable yield, but the application of 8 tha-1 vermicompost integrated with 
250 kg/ha NPS had recorded maximum marketable tuber number per hill 
(12.3) (Figure 1) while an increased levels of both vermicompost and NPS 
fertilizers significantly reduced the unmarketable tuber number per plant 
being at 8 tha-1 vermicomposts the marketability of tuber was very higher 
(Figure 2). Overall the use of 8 tha-1 vermicompost combined with 250 
kg/ha NPS fertilizer had recorded the maximum marketable total tuber 
number/plant (13.5 tha-1) whereas the lowest (5.9 5 tha-1) was recorded from 
unfertilized plot (5.9) (Figure 3). 

Marketable tuber yield/ha (t ha-1)

Beside this, the result showed the application of 8 tha-1 vermicomposts and 
200 kg ha-1 NPS yielded (26.7 tha-1) as compared to the unfertilized plot 
(8.2 tha-1) (Figure 4) while an increasing vermicompost application from 0 
to 8 tha-1 resulted in reduction of unmarketable tube yield from 1.33 to 0.7 
tha-1 as compared to the control (Figure 5). Generally, the total tuber yield 
increased from 12.4 to 22.7 tha-1 as the rate of vermicomposting increased 
from 0 to 8 tha-1 which was a higher yield than that of yield of control (12.3 
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Figure 1) The interaction effect of vermicompost and NPS fertilizer on 
marketable tuber numbers per plant/hill on potato   

Figure 2) The interaction effect of vermicompost and NPS fertilizer on 
unmarketable tuber numbers per plant/hill on potato

Figure 3) The interaction effect of vermicompost and NPS fertilizer on total 
marketable tuber numbers per plant/hill on the potato as displayed by the 
interaction plot

Figure 4) The interaction effect of vermicompost and NPS fertilizer on 
marketable tuber yield/ha on the potato as displayed by interaction plot
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Figure 5) The interaction effect of vermicompost and NPS fertilizer on 
unmarketable tuber yield/ha on the potato as displayed by interaction plot

Figure 6) The interaction effect of vermicompost and NPS fertilizer on 
unmarketable tuber yield/ha on the potato as displayed by interaction plot

Figure 7) Tuber dry weight/plant (g) of potato under different rates of 
vermicompost and NPS fertilizer as displayed by interaction plot

Figure 8) Interaction plot of the effect of vermicompost and NPS fertilizer on 
biomass yield/plant (g) of potato 
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compost and NPS fertilizers on small sized tuber was also highly significant 
showing varied response of one factor at other levels of the other factor. An 
increasing vermin-compost and NPS fertilizers interaction from zero NPS 
with zero vermin-compost to 8 tha-1 with 250 kg/ha decreased the yield of 
small sized tuber by 36.5%. The lowest small tuber size (12.4 g/hill) was 
obtained from combination of 250 kg/ha NPS and 8 t/ha vermin-compost 
(Figure 11). 

Partial budget analysis

The results of the study indicated that the application of blended NPS 
fertilizers integrating with vermin-compost had better benefits over the 
control and application of vermin-compost alone. Partial budget analysis was 
done according to CIMMYT (1988) recommendations, which stated that the 
application of fertilizer with the marginal rate of return above the minimum 
level (100%) is economical. Accordingly, the maximum net benefit of 
(2761.43 USD/ha-1) with an acceptable Marginal Rate of Returns (MRR%) of 
315.90% was recorded in the treatment that received the application of 250 
kg NPS fertilizer integrated with 8 tha-1 vermi-compost rates. It was followed 
by the treatment that received the application of 200 kg NPS fertilizer 
integrated with 8 tha-1 vermi-compost (2672.9 USD/ha-1) with the highest 
acceptable Marginal Rate of Returns (MRR%) (4137.27%).

However, the lowest net benefit of Ethiopian 880.7 and 947.5 ha-1 and 
non-acceptable Marginal Rates of Return (MRR%) were obtained from the 
plots received of 8 tha-1 and 6 tha-1 vermi-compost alone, respectively. The 
application of 200 kg blended NPS ha-1 with 8 ha-1 vermi-compost generated 
maximum marginal rates of return greater than the minimum considered 
acceptable to farmers (>1 or 100%). The identification of a recommendation 
is based on a change from one treatment to another if the marginal price of 
return of that trade is extra than the minimal fee of return. Based on this 
result, the application of 250 kg NPS fertilizer integrated with 8 tha-1 vermi-
compost rates and 200 kg NPS fertilizer integrated with 8 tha-1 vermicompost 
was resulted within the maximum adjustable marketable tuber yield (24675.3 
and 24005.7 kg ha-1), respectively, and profitable to the farmers in the study 
area (Table 3). 

Weight of large tuber size/plant (g/hill) (>75 g): Application of 8 tha-1 vermi-
compost significantly increased large tuber size (280.8 g/hill) compared to 
4 and 6 tha-1. Similarly, the main effect of 250 kg/ha NPS was significantly 
higher in terms of large tuber size (220.1 g/hill). However, non-application of 
vermin-compost and NPS fertilizer showed the lowest large tuber size (96.9 
and 110.6 g/hill) respectively. Application of 8 tha-1 vermi-compost integrated 
with 200 kg/ha NPS had recorded maximum large tuber size (445.8 g/hill) 
followed by application of 8 tha-1 vermi-compost integrated with 250 kg/
ha NPS fertilizer. The lowest number of large tuber size (80.98 g/hill) was 
recorded from unfertilized plot (Figure 9).

Medium tuber size/plant (g/hill) (25-75 g): Application of 8 tha-1 vermi-
compost integrated with 250 kg/ha NPS had recorded maximum medium 
tuber size (314.67 g/hill) as compared to the lowest weight of medium tuber 
size (111.55 kg/hill) from unfertilized plot. An increasing vermin-compost 
and NPS fertilizers from control to 8 tha-1 with 250 kg/ha increased the yield 
of medium sized tuber g/hill by 182.1% (Figure 10).

Small tuber size/plant (g/hill) (<25 g): The interaction effect of vermin-

Figure 9) Interaction plot of the effect of vermicompost and NPS fertilizer on the 
weight of larger tuber size/plant (g) of potato 

Figure 10) Interaction plot of the effect of vermicompost and NPS fertilizer on 
the weight of medium tuber size/plant (g) of potato 

Figure 11) Interaction plot of the effect of vermicompost and NPS fertilizer on 
the weight of small tuber size/plant (g) of potato 
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Besides this, the result also revealed a significant marketable tube yield (26.7 
tha-1) increments compared to the control (8.2 tha-1) (Figure 4) indicating 
about 98.58% marketable tube yield increments. Similarly, Alemayehu, et al. 
23 and Yourtchi, et al. 24 reported that nitrogen fertilization significantly 
influenced marketable tuber yield. Zelalem, et al. 25 and Israel, et al. 26 
also indicated N and P fertilization considerably motivates the productivity 
of potato measured in phrases of marketable and general tuber yields. Lowest 
recorded from unfertilized plots and growing rates of combined NPSZnB 
fertilizers. In another finding a combination of 75% inorganic NP and 7.5 t 
ha-1 vermicompost significantly increased total tuber yield, marketable tuber 
yield, and individual tuber weight, giving the maximum net benefits and 
marginal return rate 22. Beside this, with the application of 200 kg ha-1 
NPSB fertilizer application, the highest total and marketable tuber yields of 
30.55 and 27.22 tha-1, respectively were reported from Gudanie variety 20. 
The highest marketable tuber yields received from blended use of mineral 
and natural fertilizers could be attributed be the synergetic effect of mineral 
NP and cattle Manure 21. Tuber yield is basically synthesized due to the 
three physiological processes such as radiation interception, conversion 
of interception radiation to dry count number and the partitioning of 
dry depend among tuber and rest of plant of which NPS are the major 
components of physiological processes. 

In addition to this, researchers also reported that the maximum marketable 
tuber yield (31.7 tha-1) and total tuber yield (34.1 tha-1) were recorded from 
combined use of 199 kg ha-1 of blended NPSZnB fertilizer and 30 tha-1 of 
cattle manure; while the lowest values (9.8 tha-1 and 12.29 tha-1, respectively 
whereas caused significant reduction of tuber dry matter content 17 of which 
the maximum yield is higher than the highest value in this study though the 
30 tha-1 of cattle manure applied is very high. Moghadam, et al. 11 also 
indicated that tuber yield of potato was increased significantly due to the 
effect of vermin-compost (10 tha-1) and NPKS fertilizers (100%) ranging from 
8.58 to 25.56 tha-1. While Alemayehu, et al. reported application of 245.1 
kg ha-1 NPS combined with 13.5 tha-1 farm yard manure caused the highest 
marketable and total tuber yields of 43.52 and 47.04 tha-1, respectively, which 
is of the highest. Therefore, the application of vermin-compost along with 
NPS fertilizers increased organic matter contents, total nitrogen, available 
phosphorus, available sulfur, exchangeable potassium over the control. This 
in general improved organic matter and nutrient contents of the soils which 

DISCUSSION

The significant (p<0.01) effect of main effects and interaction effects of both 
NPS fertilizer and Vermi-Compost (VC) on marketable tuber numbers per 
hill, number of total tubers, marketable tuber yield, unmarketable tuber 
yield, total tuber yield, tuber dry weight yield, above ground biomass, large-
sized tuber, medium tuber size and small tuber size (Table 2) showed their 
magnificent influence on potato yield and yield component. This result 
coincides with Bekele 17 finding with regard to marketable tuber yield, 
total tuber yield and tuber dry matter content at combined blended NPSZnB 
fertilizer and cattle manure. An increase in levels of both factors tend to 
increase marketable tuber number per hill (Figure 1) which may be due to 
N influenced tuber formation in potatoes by influencing the activity and 
phytohormone balance in the plant, especially, on the levels of gibberellic 
and abscisic acid and cytokinins 18 and this growth in line with plant 
reaction to the accelerated utilization of combined NPS fertilizer and vermin-
compost which might be due to the elevated performance of photosynthetic 
activity and translocation of photosynthetic to the root, which in all 
likelihood helped inside the initiation of greater stolon formation in potato 
and an earlier nitrogen application to potatoes earlier than tuber initiation 
will increase the wide variety of tubers in line with plant and sparkling 
tuber weight 19. Gezahegn et al., 20 report also showed the highest total 
tuber number hill-1 (16.00) was obtained from the application of 200 kg 
ha-1 NPSB fertilizer from Gudanie variety which was higher than this result 
(12.3). In such case an improved soil fertility and sustainable production with 
integration of inorganic fertilizer with vermicompost than inorganic alone.

Moreover, the high total and marketable tuber yields acquired due to the 
combined use of mineral and organic fertilizers may be attributed to the 
synergetic effect of mineral NP and cattle manure 21. In another finding it 
was indicated that the number of tubers per hill was influenced significantly 
due to the application of different levels of vermicompost and NPKS. The 
maximum number of tubers per hill (8.33) was obtained from vermicompost 
(10.0 tha-1) and NPKS (100%) 11 which was lower than in this study (12.3). 
Comparable result was obtained from 7.5 tha-1 of vermicompost application 
with 75% inorganic NP resulted the maximum number of tubers of 14.21 
and 10.90 per hill and marketable tuber numbers of 9.02 in Belg and 7.92 
per hill in Meher season, respectively amounting to 30.84 and 13.57% 
increase 22.

TABLE 3 
Partial budget and marginal rate of return analysis for the response of potato to the application of vermicompost and blended NPS 
fertilizer rates at Gitilo (2019)

Treatments Unadjusted  
MTY (kg ha-1)

Adjusted   MTY 
(kg ha-1)

Total Variable Gross Return Net Benefit 
(USD) MRR (%) B:C

NPS Kgha-1 VC Kgha-1 Cost(USD) (USD)

0 0 8210 7389 0 1285.7

150 0 11610 10449 84 1818.1 1734.1 533.54 20.63

200 0 12023 10820.7 112.1 1882.8 1770.7 130.87 15.8

250 0 12340 11106 140.1 1932.4 1792.4 77.20D 12.79

0 4 11287 10158.3 696 1767.5 1071.5 -129.66D 1.54

150 4 14060 12654 780 2201.8 1421.8 416.71 1.82

200 4 17380 15642 808.1 2721.7 1913.7 1755.9 2.37

250 4 18867 16980.3 836.1 2954.6 2118.5 731.24 2.53

0 6 12717 11445.3 1044 1991.5 947.5 -563.18D 0.91

150 6 18797 16917.3 1128 2943.6 1815.6 1032.92 1.6

200 6 18873 16985.7 1156.1 2955.5 1799.5 -57.52D 1.56

250 6 18870 16983 1184.1 2955 1771 -101.68D 1.5

0 8 14513 13061.7 1392 2272.7 880.7 -428.14D 0.63

150 8 19093 17183.7 1476 2990 1513.9 753.42 1.03

200 8 26673 24005.7 43.6 4177 2672.9 4137.27 1.78

250 8 27417 24675.3 44.4 4293.5 2761.4 315.9 1.8

Note: Where, blended NPS cost=0.51 USD kg-1 of blended NPS, VC cost=0.15 USD kg-1, blended NPS application cost=0.06 USD kg-1 of blended NPS and vermicompost  
application cost=0.029 USD kg-1 of vermicompost (2 persons 100 kgha-1, each 1.45 USD day-1 ), Application cost of blended NPS  5 persons 100 kg ha-1, each 1.16 
USD day-1 , Field price of potato during harvesting=0.17 USD kg-1, MTY: Marketable Tuber Yield , USD=US dollar, MRR (%): Marginal Rate of Return and D: Dominated 
treatment, B:C: Benefit Cost ratio.
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in turn increased crop yields 12. The finding obtained by Gezahegn, et 
al. 20 indicated the highest proportion of small size tubers were obtained 
from plots that received no fertilizer as compared to plots that received 200, 
250 and 300 kg ha-1 NPSB fertilizer with the largest proportion of large size 
tubers. Sharma and Arora 27. investigated the effects of mineral nutrition 
on size categories of the potato tuber showing that an increase in the yield of 
tubers with applied nutrients was associated with an increase in the number 
of tubers in the medium (25-75 g) and large (>75 g) grades (length) at the 
expense of the small (<25 g) tubers. In another economistic profit analysis 
on potato indicted that the application of 245.1 kg ha-1 NPS combined with 
13.5 t ha-1 FYM had the highest net benefit with acceptable marginal rate of 
return 23.

CONCLUSION

The analysis of variance showed significant effect of blended NPS fertilizer 
and vermin-compost as well as their interaction effects on all yield and yield 
component parameters studied indicating a high response of potato to 
change in both factors. The combined application of 250 kg ha-1 blended 
NPS fertilizer and 8 tha-1 vermi-compost resulted in maximum value for most 
of the yield parameters including marketable tuber yield (27.4 tha-1) and total 
tuber yield (27.9 tha-1). Moreover, the application of 150 kg/ha combined 
with any one of the rates of vermin-compost was higher than the unfertilized 
plot and vermin-compost alone indicating that supplementing inorganic 
fertilizer with vermin-compost is the most important choice for sustainable 
potato production. The finding also showed the application of only vermin-
compost showed a lower performance of potato than NPS fertilizer with 
vermin-compost suggesting that on a short time basis, regardless of its 
quantity, vermin-compost alone may not sufficient for optimum yield of the 
crop. The finding showed that the highest net benefit and marginal rate of 
return % were recorded from the integrated use of highest vermin-compost 
and NPS fertilizer a treatment receiving 8 t/ha vermin-compost along with 
250 kg/ha are more profitable than the rest of treatment combination. Since 
at increasing levels of treatment resulted an increasing yield trend, further 
study is required to identify the optimum rate of recommendation of both 
fertilizers.
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