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Abstract

In Ethiopia aapplication of suboptimal levels of mineral fertilizers aggravates the decline in soil fertility. The
aim of this study was to evaluate different blended fertilizer formulation and provide site and crop specific
recommendations for teff production at Bensa in southern nation nationality and people regional state of
Ethiopia. The experiment consists of five blended fertilizers (1) recommended NP (64 kg N + 30 kg P ha™) (2)
150 kg NPS (63N, 25P 10.5 S) + 34.5 kg N ha™ (3) 150 kg NPSB (64N, 23P,10.1 S, 1.06 B) + 36.8 kg N ha’
1(4) 150 kg NPKSB (64N, 18P, 18K, 7.1S, 0.75B) + 43.24 kg N ha(5) 150 kg NPSZnB(63N, 15P,7.6S,
2.237n, 0.37B) + 36.8 kg N haand (6) 150 kg NPKSZnB(63N, 17P 18K, 7.6S, 2.23Zn, 0.37B) + 36.8 kg N
ha™.The experiment was arranged in a randomized complete block design using 4 m by 4 m plot size and
replicated across five farms. Agronomic data, including plant height, tiller number, straw yield, total biomass
and grain yield were measured and using the SAS statistical package program version 9.0. The least significant
difference (LSD) at 5% probability level was used to establish the difference among the means. To investigate
the economic feasibility of the blended fertilizers, partial budget and benefit cost ratio were used. The current
experiment revealed that balanced nutrient alone without appropriate proportion could not increase teff yield in
the study area to the required level. On the other hand, blended fertilizer contain apposite P rate gave highest
grain yield. Application of 150 kg NPS (63:25:10.5) + 34.5 kg N ha™ gave highest biological yield and the
result was economically feasible. Therefore, application of 150 kg NPS + 34.5 kg N ha™ is recommended to
use by farmers as an alternative soil management option for teff production around Bensa.
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INTRODUCTION

Ethiopia is among the most populous in Sub-Saharan Africa (SSA). Agriculture sector is of great
economic importance to Ethiopia; however, it is characterized by low productivity and the prevalence of
a fragmented smallholder/subsistence farmer population that is relegated to highly degraded/marginal
lands ™. The annual per-hectare net loss of nutrients is estimated to be at least 40 kg N, 6.6 kg P and
33.2 kg K . Continuous cropping, high proportions of cereals in the cropping system, and the
application of suboptimal levels of mineral fertilizers aggravate the decline in soil fertility &, Low
productivity can be attributed to limited access by small farmers to agricultural inputs, financial services,
improved productiontechnologies, irrigation and agricultural output markets and, more importantly, to
poor land management practices that have led to severe land degradation ©!.

In addition, locally available organic matter inputs have also become more limiting due to increasing
demand for fuel and fodder, as well as lower biomass production driven by declining soil fertility and
competing uses [ 8. Nutrient loss due to biomass energy consumption of dung and crop residues which
otherwise added to the soil is equivalent to the total amount commercial fertilizer use in the country .
Livestock through grazing and crop residue consumption remove over 3 million tons nutrients . In
turn livestock produces dung equivalent to 1.4 million tons of N, P205 and K20 Y, though very small
fraction goes back to the soil due to its other competitive uses.Moreover, although many parts of East
Africa have inherently rich soils, nutrient depletion through erosion and removal by crops over many
years have resulted in very low productivity &2 3,

To counteract the production and productivity problems, efforts have been made by the farmers in
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increasing use of inorganic and organic inputs. However, despite
significant rise in total fertilizer import from 250,000 tons in 1995 to
500,000 tons in 2012 24 the intensity of the fertilizer use has increased
only marginally over the past decade from 31 kilograms per ha in 1995
to 36 kilograms per ha in 2008 which is still less than the blanket
recommendation (% 161,

Therefore, different fertilizer materials would be required to ensure
balanced fertilizer use involving all or most of the nutrients required by
crops. Experience in Malawi provides how N fertilizer efficiency for
maize can be raised by providing S, Zn, B, and K which increased
maize yields by 40% over the standard N-P recommendation alonel*”..
In line with this 8 also reported how fertilizer use efficiency of potato
can be raised when NP fertilizers are combined with K on a location-
specific basis in southern Ethiopia. Supplementation of K increased
potato tuber yields by 197% over the standard N-P recommendation
alone. Therefore, it is crucial to investigate the effects of different
blended fertilizers on teff yield and this study was initiated to determine
the amount and types of fertilizers in order to improve teff production at
Bensa area.

MATERIALS AND METHODS

On farm study was conducted at Bensa district of South Nations
Nationalities and People Regional State (SNNPRS) in 2015 and 2016
main cropping season. The experimental sites were located between
06.48611N latitude and 038.77166E longitude at an altitude of about
1992 meter above sea level at Bensa. Between 1996 and 2015, Bensa
(the experimental area) received an average annual rainfall of 109.6
mm. The mean maximum and minimum annual air temperature was
12.3 and 25.4 ‘C at Bensa. Five blended fertilizers types namely NPS
(63N, 25P 10.5 S); NPSB(64N, 23P,10.1 S, 1.06 B); NPKSB(64N, 18P
18K, 7.1S, 0.75B);NPSZnB(63N, 15P,7.6S, 2.23Zn, 0.37B); and
NPKSZnB(63N, 17P 18K, 7.6S, 2.23Zn, 0.37B)were used based on soil
nutrient deficiency of the area.

The experiment consists of six treatments including recommended NP

(64 kg N + 30 kg Pha®), 150 Kg NPS+ 75 Kg urea top dressed ha™, 150
Kg NPSB+ 80 Kg urea top dressed ha, 150 Kg NPKSB + 94 Kg urea
top dressed ha*, 150 Kg NPSZnB+ 80 Kg urea top dressed ha™*and 150
KgNPKSZnB+ 80 Kg urea top dressed ha™’. The experiment was laid
out in RCB design using 4 m by 4 m plot size and replicated across five
farms. The blended fertilizers and DAP were applied at planting and
Urea was top dressed 45 days after planting. The test crop was planted
in row and other crop management practices were applied as per the
recommendation developed for the crop.

Agronomic data for teff, including plant height, tiller number, straw
yield, total biomass and grain yield were collected. To estimate
biological and grain yield, the whole plot size (16m?) was harvested and
threshed manually. Analysis of variance for all data were performed
using the SAS statistical package program version 9.0 2% The least
significant difference (LSD) at 5% probability level was used to
establish the difference among the means.

Economic analysis was performed to investigate the economic
feasibility of the blended fertilizers for teff production. Partial
budgetand benefit cost ratio analyses were used. The average yield was
adjusted downwards by 10%, assuming that farmers would get 10% less
yield than is achieved on an experimental site. The average open market
price for teff (18 ETB kg™) and the official prices for N (urea: 11.9 ETB
kg™l), P (DAP: 14.8 ETB kg™), Zn (ZnSO,: 19.84 ETB kg™), K (KCI:
14.7 ETB kg™). And the official prices of the blended fertilizers (NPS:
10.94 ETB kg™ and NPSB: 15.41 ETB kg*) were used for analysis.

RESULT AND DISCUSSION

Two years experiment result showed significant difference among the
different nutrient combinations considered in this trial. Based on the
result presented in table 1, significant difference was observed among
treatments on grain yield and number of tillers. Significantly higher
yield (1946.3 kg ha™®) was obtained from plots treated by 150 kg NPS
(63:25:10.5)+ 34.5 kg N ha* compared to plots received treatment 3and
5 (Table 1).

Table 1: Yield and yield components of teff influenced by different fertilizer types

Treatments Plant height | No of tiller | Straw yield | Biomass | Grain yield
tha? tha? kg ha’
1. 64 kg N + 30 Kg P ha™ (the recommended NP) 79.84 3.6ab 4.58 6.0250 1446.4ab
2.150 kg NPS (63:25:10.5) + 34.5 kg N ha 79.08 3.6ab 4.52 6.4625 1946.3a
3.150 kg NPSB (64:23:10.1:1.06) + 36.8kg N ha™ 79.36 3.2b 5.04 6.3625 1326.2b
4.150 kg NPKSB (64:18:18:7.1:0.75) + 43.24kg N ha'! 79.60 3.9ab 448 6.0250 | 1542.5ab
5.150 kg NPSZnB (63:15:7.6:2.23:0.37)+ 36.8 kg N ha™* 82.12 3.7ab 4.60 6.0250 1425.3b
6.150 kg NPKSZnB (63:17:18:7.6:2.23:0.37) + 36.8 kg N ha™ | 82.84 43a 4,74 6.2500 1513.9ab
LSD NS 0.79 NS NS 421.61
cv 6.40 16.34 27.52 22.58 21.06

Even though in the soil fertility map of the district clearly indicated that
N, P, S, B and K are deficient in the soils of the area, the amount of P in
the nutrient combination is critical. Reducing recommended P to 50% in
treatment 5 resulted significant yield reduction compared to treatment 2.
This finding is consistent with yield reduction observed by !, although
balanced nutrients were applied, yield was significantly lower where N
and P applied were below the recommended amount. Yield reduction
due to low level of P applied can also aggravated due to acidic nature of
the area. Application of P fertilizer to an acidic soil resulted in
precipitation reaction between exchangeable AI** and added P resulting

in the formation of a highly insoluble Al-phosphate Y. In such soil
types the proportion of P fertilizer that could be available to a crop
becomes inadequate ?2. However, plots received K containing blended
fertilizers gave comparable teff yield with treatment 2, while P was
reduced by 40 and 43%, respectively. This result indicating that the
study site required application of K for teff production. Based on the
current experiment, applying balanced nutrients without maintaining P
at the recommended rate and avoiding K from the nutrient formulation
could not improve teff production around Bensa area.



Economic analysis

The economic analysis result also supported the biological yield; plots
received 150 kg NPS (63:25:10.5) + 34.5 kg N ha™gave highest net
benefit indicating economic feasibility of the treatment. Based on the

result presented in Table 2, the highest benefit cost ratio with highest
net benefit (28996 ETB ha™) was obtained from the application of 150
kg NPS + 34.5 kg N ha™compared to all treatments considered in this
experiment.

Table 2: Economic (Partial budget and Benefit cost ratio) analysis of blended, nitrogen and phosphorus fertilizers on teff

Treatments | BF Kgha® | NKgha'! | PKgha! | Avyield | Adj. yield TCTV Revenues NB | Benefit cost ratio
(ETBha’) | (ETBha?)

2. NPS 150 34.5 0 1946.3 1751.67 2534 31530.1 28996 | 124

1. Reco.NP 0 64 30 1446.4 1120.05 3177 20160.9 16984 | 6.3

3. NPSB 150 36.8 0 1326.2 1097.91 3264 19762.4 16498 | 6.1

5. NPSZnB 150 36.8 0 1425.3 1074.2 3308 19335.6 16028 | 5.8

6. NPKSzZnB | 150 36.8 0 1513.9 1161.68 3837 20910.2 17073 | 54

4. NPKSB 150 43.24 0 15425 1166.81 3960 21002.6 17043 | 5.3

Yield adjustment=10%,price of teff = 18 ETB/kg,
recommended, ETB: Ethiopia birr.

CONCLUSION AND RECOMMENDATION

The current experiment revealed that balanced nutrient alone could not
increase teff yield in the study area to the required level. Blended
fertilizer contain apposite P rate gave highest grain yield. Application of
150 kg NPS (63:25:10.5)+ 34.5 kg N ha* gave highest biological yield
and the result was economically feasible compared to all treatments.
Therefore, 150 kg NPS +34.5 kg N ha™is recommended to use by
farmers as an alternative soil management option for teff production
around Bensa.

Currently, Ethiopian soil information system (Ethiosis) has completed
soil fertility map of the southern nation nationalities and people regional
state (SNNPRS) and reported with fertilizer recommendation for each
woreda. Therefore, to enrich soil productivity and to made farmers
benefited from their smallholding, further investigation, considering P
and K at recommended amount should be conducted by developing new
treatment combinations including the new fertilizer formula reported for
Bensa district.
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