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Evaluation of Row Application of Lime for Bread Wheat on Acidic Soils ofWadla
District, North Wollo, Ethiopia

Samuel Adissie*, Kassa Sisay, Habtemariam Teshdamesse Hailu, Adisie Degu and Tesfaye Wubu

Sirinka Agiicultural Research Center, P.O.B Ethiopia
*Correspondence Sammy.ab1990@gmail.com

Abstract

Soil acidity is one of the major challenging isswslversely affecting sustainable crop
production in Ethiopia in general and in Wadla district in particular. Acidic soils are
deficient in essential plant nutrientd=urthermore soil acidity affects root development
leading to reduced nutrient and wateptake Hence, afield experiment was conducted in
2017/18 and 2018/19 main cropping seastmevaluate the effect of row application of lime

on yield and yield componerif breadwheat inacidic soil ofWwadla districtusing calcium

hydro oxide direct tration method The actual lime requirement was splinted in to 12.5, 25,

50 and 75% to be applied in roWhe experiment wasomprised obixtreatments including:

control (without input),recommended nitrogen and phosphorus cahd four levels of lime

rates (12.5, 25, 50 and 75%yith recommended NP andas liedlown in randomized
complete block design with three replications. The collected data on yield andaej#tt
parameters were analyzed using SAS, version 9.1 andsubjedc t o Duncands Mu
Test for mean separation when the analysis of variance was significant. The over year
combined analysis of an experiment showed
lime rate and recommended NP, except when cordpaitl the control treatment that has no

lime and recommended NP. The partial budget analysis result revealed that application of
50% of the actual lime rate in row application brought economically optimum grain yield. So

application of 50% of lime coulde recommended in the study area.

Keywords: Lime,Row applicationSoil acidity,Wheat

Proceedings of 13th Regional Annual Conference on ComgReiselarch Activities on Soil ar


mailto:Sammy.ab1990@gmail.com

Evaluation of Row Application ofié for Bread Wheat on Acidic Soils of Wadla District Samuel et al.

Introduction

Wheat {Triticum aestivurri.) is one of the major global cereal crops, ranking second after
paddy rice both in area coverage and production, and provides more nourishment than any
other food crop (Curtis, 2002). Wheat provides more protein than any other cereal crops
(Husseinet al, 2006). It is a major source of energy and proteins for population inhabiting
most highlands in Ethiopia (Abera Bekele, 1991). Bread wheat in Ethiopia stands fourth in
both area coverage and total annual production, and second in yield per hectavameezét

(CSA, 2017).

Ethiopia is the leading SeBaharan Africa economy depends on smallholder farm agriculture.
The contribution of the agricultural sector to Gross Domestic Product (GDP) is large (41%);
85% of the employment opportunity, 90% of the exdevel, and provides 70% of the
country 's raw material demand of the large and medium scale industries found from this
promising sector (MoFED, 2012). Nevertheless, around 29% of its population yet is living
under poverty (World Bank, 2014). productiand productivity of the agricultural sector in
SubSaharan Africa is low due to low technological adoption and techniques among others
(Binju Abrahamet al., 2014; Berihun Kassat al., 2014).

Most wheat producing area in Ethiopia lie betwemrgd 16 N latitude and 3%5and 42 E
longitudes of an altitude range from 1500 to 3000 meters above sea level (m.a.s.l) (Amare
Assefa and Mulatu Kassaye, 2017). The most suitable-eggiogical zones, however, fall
between 1900 to 2700 meters above sea level (Bakehl, 2000). Currently, Oromia,
Amhara, Southern Nations Nationalities and
the major wheat producing areas in Ethiopia. Wheat is grown annually on 1.66 million hectare
of land in Ethiopia with a total proadtion of 4.23 million tons with an average productivity of
2.54 t hd which makes the country the second largest wheat producers Basaian
Africa. Amhara National Regional State is among the most important wheat growing areas of
the country. The pruction and area Coverage of wheat in Amhara Region is 0.55 million
hectare of land with the total production 1.22 million tons with an average productivity of
2.24 t ha. The area Coverage and production of wheat in North Wollo is 32,005.82 hectares
0.474 million tons with the average productivity is 1.5 t'h¢CSA, 2016). However, its
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productivity is for bel ow the cropds poten
Furthermore, wheat has been selected as one of the target crops in thé Ik @f

attaining national food seHufficiency, income generation, poverty alleviation and achieving
sociceconomic growth of the county (Mulatu Kassaye, 2015).

Soil acidification is a complex process resulting in the formation of an acid soil due to
excessive concentration of ngnluble and toxic ions in the soil solution (Jafer Dawid and
Gebresilassie Hailu, 2017). The process of acidification results the replacement of basic
cations Ca, Mg and K in the soil exchange sites with Al, Mn and Fe amedased the
concentration of Hion in the soil solution. This condition also usually leads to Al and Mn
toxicity plus deficiency in N, P, K, Mg, Ca and various micronutrients. Where soil pH is
lower than optimal (5.5 and below) the availability of nutisemeeded for growth is reduced
(Jafer Dawid and Gebresilassie Hali17). Soil acidity and nutrient depletion, particularly

of nitrogen (N), phosphorus (P) and low soil organic matter are some of the constraints
limiting agricultural production in theigh rainfall areas (Opalet al, 2010; Kisinyo, 2011).

High soil acidity found in the high land area is associated with aluminum, hydrogen, iron and
manganese toxicities and corresponding dey

magnesium and potsism (Sancheet al., 1997).

A major challenge to cereal crop production in the highlands of Ethiopia is low soil pH and
associated with low fertilizer application and soil fertility problems. Low soil pH reduces
plant availability of several nutrients, cieases levels of some elements to phytotoxic
concentrations (i.e., ATt oxi ci tvy), and inpuences microbi
(Brady, 1990;Merino et al, 2010). These poor growth conditions can lead to reductions in
root development which consequently causes slow vegetative growth and low total biomass
per unit area. Application of lime is no doubt the best alternative to alleviate topsoil acidic

problem ad provide conditions for adequate crop development.

Soil acidity and Af* toxicity in surface soil can be ameliorated through liming (Fegeria and
Baligar, 2008;Haling et al, 2010). Changes in soil pH brought about by liming may have
profound effects orthe availability of many elements absorbed by crops. Liming increases

soil pH and thus decreases®Abnd Mn toxicities which also increase Ri®, Ca and P
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availability (Arshad and Gill, 1996; Caires al, 2005). One of the challenge facing farmers

in liming is the requirement of huge amount of lime to rise the pH of the soil. To alleviate this
challenge row application of lime is todays serious isgudot of efforts were done to
improve acid soils of Ethiopian highlands. Among those developed tegmemlsplit lime
application from the actual requirement determined by Y4 (EAx1.5) is economical and
applicable to farmers developed B\ sthamawDemil etal., 2020). Therefore, this proposal is

initiatedto evaluate rovapplicationof lime for bread wheat for specific areas of Wadla.
Materials and Methods

Site Description The study was conducted in 2017/18 and 2018/19 main cropping seasons in
Wadla district of North Wollo zone of the Amhara Region. The districsitisated ina
geographica | ocation of 11A 49659.990 N a28d0 38A
meters above sdavel. The district receives a mean annual rainfall of-8200 mm with

mi ni mum and maxi mum temperature of 17 and

Geologyof the Study AreaThe geology of Eastern Amhara including the study area is
covered by Cenozoic volcanic rocks with some sedimentary rocks (kKaigen 2012). The

major formations are Ashangi, Tarmaldegezez, Alajae, Aiba basalts and Amlidom
formations covering 49, 18, 14, 12 and 3%, respectivielgrigeshd eferaet al, 1996). The
geology of the study area belongs to Tarmd@¥legezez formations. Tarmabklegezez
formations are transitional and alkaline basaigerfgeshaleferaet al, 1996). Accoding to

FAO (1984) the soils of Wollo area have been developed almost exclusively on Trap Series

volcanoes.
Experimental Procedures
Sel ection of farmerso6 fields and | i me estim

Soil samples at a depth of2D cm were collected from ten farmers' fields in 2017/18 and
2018/19 prior to the start of the experiment. Based on the soil pH (1:2.5 soil: water
suspension) results, five farmers' fields in 2017/18 and four farmers' fieREL8119 were

selected t@ondect thexperiment.

CaOHR direct titration method (Abebe Gett al, 2020) was used toalculatethe actual
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requirement of lime for each site (Equation 1). Different rate of lime was calculated based

12.5,25, 50, and 75% for each site from the actual requirement of lime (Equation 2).

LR (kgha') = based on Ca(Obfiitration method with scatter plot graph
equationé. Equation (1)

, EIADDPI EEDOKDCEA — @9 b8 8&quation (2)
WhereLR =lime requirement in kg &, Y% =rate of Lime (0 12.5, 50 and 75%)

The experimental design was randomized complete block design (RCBD) with 3 replications
for each site. The plots size was 5 x /Recommended rate of 69 N and 6#@pPkg ha'
fertilizers for wheat was applied using urea and NPS sources respectidaly of N was
applied at planting and the remaining N was applied at tillering in the form of split
application. Full dose of #Dswas applied at planting only. The seed was drilled in rows and

the space between rows was 20cm apart.
Treatments

Control (0)

64/69 N/B.Os

12.5% Lime+@/69 N/P205
25.0% Lime+64/69N/FDsg
50.0% Lime+64/69 N/§Os
6. 75.0% Lime+64/69 N/fDs

a r wnN e

Data Collected

Soil data collection Before planting, the soil samples were collecten representative
experimental plotsafter the removal of plant litter and any other material from the soil
surface. Then,the soil samples were collected in a zigzag pattern to a def20cof dising

soil auger. Each of the soil samples from collectedhfthe expermenrtal plots were bulked

to make a single one kilogram composite soil sample. The pH of the soils was measured in
water suspension in a 1:2.5 (soil: liquid ratio) potentiometrically using a-cgdasel

combination electrode (Van ReeuwijkQ92). Total nitrogen (N) was determined using the

Proceedings of 13th Regional Annual Conference on CompReiedarch Activities on Soil arn



Evaluation of Row Application ofié for Bread Wheat on Acidic Soils of Wadla District Samuel et al.

micro-Kjeldahl digestion, distillation and titration procedure as described by Bremner (1996).
Available P was extracted by the Brdymethod using 0.03 M:-NkEF and 0.1 M-HCI
solution (Bray and Kurtz, 1945)The organic carbon content of the soil was analyzed by
following the wet digestion method and percent soil OM was calculated by multiplying
percent soil OC by a factor of 1.724 following the assumptions that OM is composed of 58%
carbon as described byaW Reeuwijk (1992). Exchangeable Al in the soil samples was
determined by application of 1M NaF which form a complex with Al and released NaOH and
then NaOH was back titrated with a standard solution of 0.02M HCI. In preparation for
laboratory analysis, thsoil samples were air dried, crushed and made to pass through a 2mm
sieve for the analysis of soil pH, soil texture, available P and exchangeable acidity and pass
through 0.5mm sieve for the analysis of soil organic matter (OM) and Total nitrogen.
Agronanmic Data Above ground biomass: It was measured by taking the weight of the above

ground biomass of plants in a plot at maturity and converted to kg per hectare.

Grain yield: was measured by taking the weight of the grains for plants in a plot at harvest
and converted to kg per hectare after adjusting the grain to 12.5% moisture content.

Socio economic datacost of input and application (lime, fertilizer and labor) and output
(grain yield and straw yield) price for partial budget analysis were taken

Statigical analysis The agronomic data variation across each level of treatment/each plot was
analyzed using Analysis of Variance (ANOVA) using SAS (Version 9.1). Mean separation
was done using Duncun multiple range test at 5% probability lBaeiial budgetnalysis

was doneaccording to CIMMYT (1988).

Results and Discussion
Selected PhysieohemicalProperty of theSoil

The soils of experimental sites were characterized for selected ploysinucal properties
before the applicatiorof treatments as shown (Tablel)l The result indicated that the
texturalclasses of experimental sites wsikey clayloam, clay, clapam and siltglay (Table
1). The average soil pH value of the experimentalssiéagel from 4.585.24 which is
categoized under strongly acidr ékalign Tadesse, 1991he soil total nitrogen rangdrom
0.0240.053% and OC 2.09.42% was found tde low and medium to highTgkalign
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Tadesse, 1991)espectively. The available phosphorus content of the experimental site was
10.9120.68 mg kg. According toJones (2003jvailable soil P (Brayl method) level was
rated as low to mediunThis may be attributed to the @mse of exchangeable Al (Takllg

in the study area.

Table 1 Selectedsoil property of the experimental site at planting in 2018 cropping season

Farms pH OM TN AV. Exch.Al Exch.H(meq/100g Textural
name (%) P(ppm) (meqg/100g soil) soil) Class

Farm 1l 5.08 2.09 0.053 1091 O 36 Silt clay loam
Farm2 4.84 3.42 0.025 2030 O 5.2 Clay

Farm3 4.58 2.17 0.024 1477 O 4.9 Silt clay
Farm4 498 2.86 0.024 1591 O 45 Clay loam
Farm5 5.24 3.33 0.027 20.68 O 3.9 Silt clay

Effect of lime application on Bread Wheat Grain Yield

The analysis of variance showed that row ap
significant grain yield ovetherecommended nitrogen and phosphorus fertilizer, but it is
significantly higher fom control (Table). The lowest grain yield (1546Kkg ha') was

obtained from control while, application of 75% lime gave better grain ydld %) over the

control (Table?).

In the second year (2019), significantly higher grain yield were observed in the aplication of
different rate of lime and recommaed NP alone tmathe control treatment (Thb4). As
indicated in Table the highest graigield wasobtained in the application of 50% lime rate
which is not stastically different from other lime rate and recommended NP alone. But

stastically lowest giin yield were obtained from control (2195.3Hda").

The over year combined analysis (2018 and 2019) of an experiment showed no significant (P
00.05) vyield difference among | ime rate an:t
the control treatment thahas nolime and recommended NP (Tab&). Based on the
combined analysis result (two years result) the highest grain yield (2794'k9 has

observed in 50% lime rate, which was statistically similar to 25%, 75% lime rate and RNP
alone whereas the lowsevalue (1834 kg hd) was recorded in control (Tab6). Our results
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demonstrated that the application of lime and RNP significantly improved grian yield of

wheat than the control.

The findings are in agreement with Athanase (2013) liming is an impqnactice to achieve
optimum vyields of all crops grown on acid soils. These grain yield result increment agreed
with Shiferaw Boke and Anteneh Fekadu, (2014) application of lime alone or combined with
fertilizers significantly increased barley yield owettreated controAbreha Kidanemariarat

al., (2013) also confirmed that combined application of lime and NP fertilizers are
recommended to achieve sustainable wheat crop production on acidic soils of the Tsegede
highlands.In addition Tadesse Mogest al, (2018 stated tha@pplication of lime with P
fertilizers increased the grain yield of malt barley up to 91.6% compared with the @rdrol
TemesgernDesalegnet al, (2017) also confirmed thatombined applications lime and P

fertilizer gave 133% morgrain yields of barley relative to control (without P and lime).

Asmamaw Demil,et al (2020), revealed that application of lime at a 25% rate based on
exchangeable acidity in rows at planting significantly increased the grain yield of wheat (4525
kg hd?') in the acidic areas. On the other hand this result was dis agreed with the findings of
Wanjiru, (2018)who stated thatime plus fertilizer had higher grain yields than the sole

fertilizer treatment.
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Effect of lime application on Bread Wheat BiomassYield

Biomass vyields of wheat responded significantly to the different rates of &mle
recommended NP rate (Table 3, 5 &)dThe highest biomass yield of 6786.8Hdy, 8379.8

kg ha' and 7471.2 kdgha' was obtained from the application of 75% lime rate during 2018,
25% lime rate during 2019 and 50% lime rate (combined years) but not significantly different
from other lime rate and recommended NP. In addition the lowest value of biomass yield was
noted n control in both cropping years and alsahe combined analysis (Table 3, 5 &)d

This result in line with the study of Tadesse Mogésl, (2018) who confirmed thahé

lowest total yiomass yield (6.05 ton/ha) was recorded in the treatment withmeutand
application of lime increased Biomass Yield by 16.5322.59%, as compared to the control.
Shiferaw Boke and Anteneh Feka¢2014) also stated thatdmass yield of barley was

significantly improved by application of lime and fertilizers alone.

Table2. Effect of lime rate on wheat yie{ligha1) in 2018 at Alpha value 0.05

Treatments Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Combined
Control (0,0) 1503.9 1886.1° 1412.7F 2100.8 827.% 1546.7F
RNP 2294 2343.3 2167.1°  2325.8° 1269.3°  2065.8
12.5% lime 2598.4°  2515.4° 1998.5 3434.1 1470.6 2403.4
25% lime 2356.8°  2913.4 2417° 2910.8" 1383.4 2395.0
50% lime 2853.7 2726.f°  2463.6 3253.1° 1237.8"  2506.9
75% lime 2813.9°  2836.4°  2532.6 2844.8" 1707.8 2547.1
CV(%) 11.50 11.3 5.9 13.9 14.5 17.4
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Table3. Effect of lime rate on whehiomass Kgha1l) in 2018 atat Alpha value 0.05

Treatments Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Combined

Control (0,0) 3892 6bb489 4739.F 36812  539f 2202.9 3981.4

b a b bc ab
RNP 6408.4 64493 58478 6203 33013 96253
- ab a b ab a
12.5% lime 7176.5 64783 58841 8725 38606 64266
. ab a a abc a
25% lime 6737.8 74203 68116 7580 39565 65012
. a a a a ab
50% lime 7868.9 6594.2 7000 9072 3280.9  6765.F
. ab a a abc a
75% lime 7600.8 7405.8 7029 7406 44928 67868
CV(%) 9.3 12.6 5.8 14.9 12.7 16.3
Table4. Effect of lime rate on wheat yieldd ha) in 2019 at Alpha value of 0.05
Treatments Farm 1 Farm 2 Farm 3 Farm 4 Combine
Control (0,0) 1992.0 2183.6 1680.8 2925.8 2195.3
RNP 2730.6° 3045.F° 2571.3 3924.6 3067.8
12.5% lime 2568.3° 3371.6 2142.8° 3719.7 2950.%
25% lime 2032.8 3272.4° 2385.3 3631.% 3055.%
50% lime 3270.3 2966.6 2717.4 3658.4 3153.2
75% lime 2630.6° 3155.3° 2667.4 3847.6 3075.3
CV(%) 15.85 7.05 15.29 9.02 18.18
Table5. Effect of lime rate on wheat biomggghal) in 2019 at Alpha value of 0.05
Treatments Farm 1 Farm 2 Farm 3 Farm 4 Combine
Control (0,0) 5347.8 5695.7 4631.8 7174.8 5712.24
RNP 7710.F 8855.1 6982.8 9619.6 8291.7
12.5%lime 7289.9° 9391.3 6087.7° 9825.4 8148.6
25% lime 8058.¢ 9043.% 6719.3 9698.4 8379.8
50% lime 9115.9 8289.9 6929.8 9079.4 8353.7
75% lime 7043.5° 8637.7 7175.4 9761.9 8154.6
CV(%) 16.20 9.02 15.40 5.60 17.74
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Table6. Effect of lime rate on grain and biomass yield combined over the two years

Treatments Grain yieldkgha Biomass yield{gha1l) Grain yield excluding (0,0)

1)
Control 183%. 6 475%0. 8
a a a

RNP 2530.1 6862.0 2530. 1

. a a a
12.5%lime 5646, 6 7191.9 2646. 6

. a a a
25%lime > 688.6 7336.1 2688. 6

. a a a
S0%lime 5 794.1  7471.2 2794.1

. a a a
/S%lime 57871 .8 73947 2781.8
CV(%) 14.21 12.90 13.34

Partial Budget AnalysisThe partial budget analysis for marginal rate of return Table 3.7
showed that the recommended NP and application of lime gave acceptable marginal rate

of return {.e., MRR greater than 100%Hjccording to CIMMYT (1988) when there are two

and more treatments with MRR greater than 100%, the treatment with greater net benefit
should be selected for recomndation. Therefore, row application of 50% of liraeought

the maximum net benef{51894.9Ethiopian Birr) per hectare while possessing MRR of

greater than 100% and thus it is economically feasible for Wadla district.
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Table7. Partial budget analysis of the variable costs on mean grain and straw yields of wheat in Wadla district for lime rate

Treatments AGY* GYP ASY SYP TR FC TFC L LiC TLIC LC TVC NB MRR
Control (0,0) 1651.5 20 26246 2 3827196 14 O 0 0 0 0 0 38272.0
RNP (69,69) 22771 20 3898.7 2 53339.22 14 4200 O 0 0 1000 5200  48139.2 1.90

12.5% lime + 2381.9 20 4090.1 2 55818.9 14 4200 2059 0.75 1544 1600 5954.4 498645 2.29
RNP

25% lime + 2419.8 20 4182.8 2 56760.3 14 4200 411 0.75 308.3 1800 6308.3 50452.1 1.66
RNP

50% lime + 2514.7 20 42094 2 58712.58 14 4200 823.6 0.75 617.7 2000 6817.7 51894.9 2.83
RNP

75% lime + 2503.6 20 41516 2 58375.62 14 4200 12354 0.75 926.6 2400 7526.6 50849.1 D
RNP

* AGY=Adjusted graityield kgha'), GYP=Grain yield price/kg (EB), ASY= Adjusted straw yield, SYP=Straw yield price, TR=Total revenue, FC=fertilizer cosTR&{E
1, TFC total fertilizer cos(ETB), L=lime amount (Kg hd), LiC= lime cost/kg (ETB TIliC= Total lime cos, LC= lime cost, TVC= total cost, NB= Net benefit, MRR=

Marginal rate of return (%)
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Conclusion and Recommendation

Acid soils can be made productive by applying limédifferent partof the country as well

as in the Amhara region. In addition to lime, application of recommended nitrogen and
phosphorus fertilizer gives equivalent yield with application of differetet o&lime in the

district. As it is observed from the result row application of lime couldn't brought
statistically significant biological yield difference compared to the recommended NP rate.

But the partial budget analysis result revealed that apmlicati 50% of the actual lime

rate in row application brought economically optimum grain yield. So application of 50%

of lime could be recommended in the study area. Further research investigation on the long
term indirect impact of lime (availability of isro nutrients, decomposition of residue in to
available form due to optimum pH, mineraliz

in the acidic soil of Wadla district should be conducted.
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Responseof Potato (SolanumtuberosumL .) to Different Rates ofNitrogen and
Phosphorusat Debark and Chilga Districts, Northwestern Ethiopia
Melkamu Adane*, Tamrat Worku, Baygyalew, Ayalew Addis

Gondar Agricultural Research CenterQ.Box 37 Gondar, Ethiopia.
*Correspondence melkamu_adane@yahoo.cpMobile: 0918738566, 0946465595
Abstract

Potato SolanumtuberosuniL.) belongs to the family Solanaceae and ge®wisnum.lt is

native to South America and introduced to Ethiopia in 1859 by a German Botanist called
Schimper. In Ethiopia, about 70% of cultivated land is suitable for potato production. The
Lowest soil feitity is the major constraints to potato production. Farmers should tackle
this problem through the application of inorganic fertilizes, which amend the soil
productivity. The application of appropriate amount of NP fertilizer is a major factor in
potato poduction.A field experimenivasconduct in 2018 and 2019 main cropping season
to determine the optimum rate of NP on tuber yield of potato in Amhara Region, North
Gondar at midland of Chilga and highland
The treatments were four levels of nitrogen (0, 46, 92, Kk@&") and three levels of
phosphorus (0, 46, 6gha’) combined in factorial arrangements in randomized complete
block design with three replicationg.he result of the study showed applicatairO2kg N
ha'is recommend at Debark and similar agro ecology. Even if application of P has no
effect on potato tuber yield 23 kai' phosphorus fertilizer should appliddr soil fertility
maintenance. For Chilga district and similar agro ecology application of NP at the rate of

138 kgh& and 46 kgh# respectively recommended.

Keywords: Chiliga, Debark nitrogen,phosphorus potato
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Introduction

Potato Solanumtuberosuni.) is a herbaceous plant belongs to the family Solanaceae and
genusSolanum. It is native to South America (Eskin and Michael, 1989). According to

Bergaet al, (19940, potato was introduced to Ethiopia in 1859 by a German Botanist,

Schimpera. The authors further indicated that potato production in Ethiopia was limited to
homesteads for many years. Worldwide, po{&olanumtuberosuim) ranks next to wheat

andrice in area production and consumption.

Its world annual production is about 330 million metric tons with area coverage of
18,651,838 ha. In Africa, total production of potato is about 17,625,680 tons with total area
coverage of 1,765,617 ha. In Ethioptatal production is around 572,333 tons on area
coverage of 69784 ha. Ethiopia is suitable climatic and edaphic conditions for potato
production(FAOSTAT, 2010.

About 700 of cultivated agricultural land of Ethiopia is suitable for potato production
(Yilma 1991). The annual potato production in Ethiopia was 1.62 million tons from an area
coverage of 0.18 million hectares (CSA 2014). The national average yield is 9 tbns ha
(CSA 2014) which is very low compared to the world mean of 17.7 tonBAQSTAT,

2010. One of the contributing factors was poor use of optimum plant nutrition.

Potato § very important for food security and as a source of income generation for a large
proportion of the rural households of EthiopiAQ, 2009. Because, oits high yield per

unit of land and time.

Potato requires a variety of plant nutrients for growthld alevelopment. Nitrogen,
phosphorus and potassium are the most important among the elements that are essential to
potato. Most of Ethiopian soil Fertility has already declined due to continuous cropping,
abandoning of fallowing, increase use of manurefdi@et consumption and crop rotation
(Tilahuneet al, 2007.

The Lowest soil fertility is the major constraint limiting to potato production in Ethiopia.
Farmers shouldackle this problem through the application of both organic and inorganic
fertilizes, which amend the soil environmeRtdceet al, 2003.
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Potato is dramatically respomsi to Nitrogen fertilization, which is usually the most

limiting essential nutrient for potato growth, especially on sandy $itslfhietal., 1999.

According to many researchers, the application of N fertilizer can play a great role in the
vegetativegrowth of potato\\hite et al, 2007.

The application of suitable amount of nitrogen fertilizer is a major factor in soil fertility
management, because the overload of this fertilizer will lead to decrease tuber quality,
delay plant maturity, decrease @&ubyield, dried matter storage into aerial parts rather than
tubers Hashemidezfooliet al, 1998. So, the development of new methods using the

appropriate concentration of N fertilizer has become necessary for potato producers.

To enhance the productivity of potato soil fertility management has to be the primary role
of the producers. Different experiments conducted in Ethiopia show that application of
nutrient has a positive relation to producing a higher yield of potato(Kahgtyé&l, 2019)
However, enhancing farmers to produce higher yield of potato application of appropriate
fertilizer is a key issue needed in the study area. Therefore, the objective of this study was
to determine the optimum rate of nitrogen and phosphorumpoove yield and yield
components of potato in the Central and North Gondar Zones, Ethiopia

Materials and Methodss

Description of Study Arearhe study was conduct in 2018/2019 and 2019/2020 cropping
season on farmers6é6 field. The study area wa
North Gondar zone at Debark and Chiliga Districts. Debark distriot#ed in 12.85% |

13.482N and 37535°E i 38.197E The altitude of Debarkdistrict 2885 meter above sea

level. It has tepid to cool moist highland agmology. The minimum and maximum
temperature of the study area is 3.7 °C and 23.1°C and it receives 1231 mm mean annual
rainfall annually. Chilga district is locatedn 12.290N i 12.903N and 36.44%E i

37.232E and the midland agrecologywith the altitude of 2146 meter above sea level.

The minimum and maximum temperature of the area is 19°C and 27 °C and its average

annual rainfall is 180 mm.
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Picture 1 Map of Debark and Chilga districts
Planting Materials and Experimental Methodology

Adapted and recommended variety of Irish potato called Gudane and Jaleni used for the
experiment for Chilga and Debark respectively in main sea3ovelve treatment
combinations were randomly replicate three times in factorial randomized complete block
design. The treatment had three levels of phosphorous (0, 46 and 69) and four level of
nitrogen (0, 46, 92 and 138) kghased. Source of nitrogen wisthe form of urea, while

P in the form of (TSP). Nitrogen applied in split, half during sowing and the rest half at
flowering stage. The gross plot size measured 2.8 m x 2.4 m (§.72wnr rows and eight
plants per row were plant with 70cm betweengsamd 30cm between plants and spacing

of 1.5 m between blocks and 1m between plots. Harvested plot size was 2.4.m *1.4 m or

two rows was harvest.
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CollectedData: The following data were collected number of tuber per hill, number of
stem per plant, plartteight (cm), marketable yield per hectare (ton), and total yield per
hectare (ton), price of fertilizer (ETB) during planting and price of potato at harvesting

time.

Statistical Analysis Analysis of variance for the collected parameters performed as the
methods using SAS computer software version 9.0 for (RCBD) and treatments mean
comparison done by list significance difference (LSD) at 5% confidence level.

EconomicAnalysis It was performed the following the CIMMYT partial budget analysis
methodology (IMMYT 1988). Average potato tuber yield were consider for the analysis.

Total variable cost, gross benefit and net benefit were calculated.

To estimate the total variable costs, mean market prices of NP was assess at the time of
planting and market pricef potato tuber was estimate after harv@sie prices of potato

tuber werecalculatedby adjusting the average market prices of those tubers downward by
10 percent of on farm tuber yield. To compare the costs that varied with the net benefits,
marginal analysis done. The marginal analysis involves dominance analysis, net benefits
curve fiting and calculating the marginal rate of return (MRR)e treatment, which, is

none dominate and have a MRR of greater or equal to 100%and the highest net benefit was

consider as economically profitable.

Soil Sampling and Analysi€omposite soil samplesere collect diagonal pattern at depth

of 030 cm before planting for each site. Samples wereraéd, ground sieved. Total
nitrogen was determined using the Kjeldahl method (Bremner & Mulvaney, 1982) while
the available phosphorus was determined fahgwthe Olsen procedure (Olsen &
Sommers, 1982).Soil pH was determined in a 1:2.5 soil to water suspension following the
procedure outlined by Sertsu and Bekele (2000). Soil organic carbon content was determine
by the wet digestion method using the Walk#nd Black procedure (Nelson & Sommers,
1982). The exchangeable potassium was measure by flame photometer after extraction of
the samples with ammonium acetate solution ai7pldllowing the procedures described

by Sahalmedhin and Tay€£000).soil particlesize is determinedensity of soHwater

suspension measured with Bouyoucos hydrometer method (Sahalmedhin and Taye,2000)
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Resultsand Discussion

Soil physicochemical propertieof the study sites

The resultsrevealed thatsoil pH of research siteat Debarkrangedbetween5.6 - 5.65
(Table 1)andclassifiedas moderately acidi(Hazelton and Murphy, 2016%0il organic
carbonranged froml.79-1.87 and mediumin content based the classificationTagkalign
(1991) Available phosphorusanged from33.27- 34.61and fall undewery highcategory
following Cottenie (1980)The total nitrogen ranged from betwe@22i 0.28andlies in
themediumto highrange(Tekalign 1991)The Cation Exchange Capacity whgh (35.82
i 47.48 based onTekalign (199). Based orFAO (2006), ex. K™ contentwas low to

medium ex. Na" was low to mediumex. Ca™ wasvery high and ex Mg"™* wasvery hig

(Table 1)
Table 1. Soil physiceghemical properties at Debark

2018 2019
Soil property Unit Site 1 Site 2 Site 1 Site 2
Total nitrogen % 0.22 0.28
Available P P/PPM 34.61 33.27 25.29 14.37
pH H20 5.6 5.65 5.58 5.58
oC % 1.87 1.79 2.53 2.46
CEC Cmol/kg Ammon. Acet. 47.48 42.45 39.57 35.82
Ex. K+ Cmol/kg Ammon. Acet. 0.95 1.12 0.55 0.29
Ex. Na+ Cmol/kg Ammon Acet. 0.28 0.35
Ex.Ca+ Cmol/kg Ammon. Acet. 24.72 23.86
Ex. Mg+ Cmol/kg Ammon. Acet. 12.84 9.52
Soil proportion
Sand % 21.28 39.28 20.72 30.72
Clay % 34 22 38 30
Silt % 44.72 38.72 41.28 39.28
Textural class % clay loam loam Clay loam Clay loam

Similalry, the soil pH of the experimental sites at Chilganged between 5.373(Table
2) and classifiedas moderately acidi§Hazelton and Murphy2016) In addition, soil
organic carbon ofthe experimental sitegaries between 1.72.13%and wa mediumin
content (Tekalign, 1991). Available phosphorus also ranged betw@841.65ppm and
rated adow according toCottenie (1980) and medium Olsen, (1982preover, the dtal
nitrogen content of the study sites at Chilga wamderate to igh (0.2 to 0.34 %)
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(Tekalign 1991).Furthermore, th€EC ofthe soils of the experimental sites wealassified
ashigh (Tekalign 1991) Based on FAO classificatiox&” wasmedium to highex. Na'
wasmedium ex. Ca”* 15.527 23.33high to very highand . Mg very high (Table 2).

Table 2.Soil physicochemical properties at Chilga

Soil 2018 2019

Ol Property gt Sitel  Site 2 Site 1 Site 2
Total nitrogen % 0.2 0.34
Available P P/PPM 5.83 5.95 10.28  11.65
pH H20 5.73 5.33 5.45 5.67
ocC % 1.71 1.87 2.75 2.13
CEC Cmol/kg Ammon. Acet. 41.45 43.01 34.11 35.14
Ex. K+ Cmol/kg Ammon. Acet. 1.15 0.72 0.35 0.63
Ex. Na+ Cmol/kg Ammon. Acet. 0.33 0.63
Ex.Ca+ Cmol/kg Ammon. Acet. 1552  23.33
Ex. Mg+ Cmol/kg Ammon. Acet. 16.16  8.99
Soil Proportion
Sand % 31.28 29.28 24.72  26.72
Clay % 30 32 46 36
Silt % 38.72 38.72 29.28  37.28
Textural class % clay loam clayloam Clay Clay loam

Effect of Nitrogen and Phosphorus on Potato Plant Height

Analysis of variance shown that tla@plication of N has significantly affected the plant
height of potato while P did not influen¢€able The fertilization of nitrogen at a rate of

138 kg N hal increased plant height by 21.6 cm and 18.2 cm compared to the control at
Debark and Chilga dtricts below (table 3 and 4) respectiveélfhe response to the N
fertilization attributed to stem elongation which able to height increment. This study results
showed that similar with the finding of (Yibekal, 1998 anelalemet al; 2009 who
reported nitrogen fertilization increased potato plant heighther previoustudies support

the current finding Israedt al; (2012), Fayera (2017), and Alemayedtual (2015) they
obtained that the application of nitrogen fertilizer has a significant effegant height.

They also found that the plant height of potato increasing with an increase in nitrogen

levels
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Effectof Nitrogen and Phosphorus Fertilizer on Potato Tuber Number.

The application of NP fertilizer has a significant effect on the numbearbafrs per hill at
Debark (table 3). The maximum (13.9) and minimum (10.5) tubers obtained through
(138/0)kg N ha, in addition to thatthe maximum (13.5) and minimum (12.2) tubers were
recorded at the rate of (69/0) kg-hd respectively

Likewise, Chilga District (table 4) shown below, on the application of N maximum 8.9 and
minimum 5.9 tubenumber per hill have obtainewhereas, the application of P have not
affected tuber number per hill.

According to Amzallaget al, (1992), applicatin of nitrogen has significant effects on
tuber formation through its effect on Gibberellins biosynthesis and phytohormone balance
in the potato. Other studies indicated that application of nitrogen to potatoes before tuber
initiation; increases the numbesf tubers per plant and mean fresh tuber weight
(Kanzikweraet al, 2001).

Number of Stem per Hill The application of nitrogen did significantly influence the
number of stems per hill. Increasing the level of nitrogen from O to 138-Rkgitnaeased
stemnumber per hill from 5.6 to 7.3he highest (7.3) and the lowest (5.6) number of stem
per hill was obtaiad on the rate of 138 kg N fhand control plot, respectively. On the

contrary, P fertilizationvasnot significantly affected.

The present findingn line with, Birtukan B, (2007) have described that the lowest stem
number of potato was obtained from the control plot (0/0 N/P).

Effectof Nitrogen and Phosphorus on Potato Tuber Yield

The application of nitrogen fertilizer significantly affected tulyggld and tuber yield
components of potato (table Increasing the application rates of nitrogen resulted in
increasing the total tuber yield from 22.0 to 38 ha'.The highest yield obtained at 92
and 138 kg nitrogen Hawhile the lowest yield olkined at zero nitrogen. Therefore, in
study area of Debark district 92kghBl is biological yield and economically feasible. This
result is in line with the finding of Zelalemt al, (2009) and (Zewidegt al, 2012) who
reported that, the applicatiori more nitrogen had opportunity for additional gain in total

tuber yield of potato. Increasing the application rate of phosphorus f6@nk§ BOs ha*
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statistically, have not significant difference on the total tuber yield consequently available

phosphorus in the soil was recorded sufficient amazottgnie 1980).

At Chilga district, the application of nitrogen and phosphorus fertilizer significantly
affected tuber yield and tuber yield components of potato (table 4). Application of
phosphorus fertilizer increases from 0 to 69 kghtistically significant difference on the
total tuber yield that is from 16.7 1.5 tonha'. Whereas the least arlgethighest tuber
yield of potato 13.7 ton and 25.3 tons'hmas record through the application of 0 and 138
N kgha' respectively. The experiment confirmed that application of nitrogen and
phosphorus can improve soil productivity and increases the produst potato. This
study is in line with Kahsay and Moral (2019) aAdwon. (2005who reported that, the
application of adequate nutrients (nitrogen and phosphorus) is the option to maximize
production and productivity of potato. While, the highest yiels obtained at 138 kg N
and 46 kg BOs ha' which, 25.3ton ha but the lowest yield was obtained at (0/0) NP.
Therefore, for Chilga, district the application of 138KgKaand 46 kgha P,Os is recorded

the highest potato tuber yield.

Table 3. Effecof Nitrogen and Phosphorus on combined mean value of growth and yield of potato
at Debark district over two years (2018 and 2019)

Plant marketable  Total
Nitrogen (kg hd)  height Number of Number of vyield(tha®)  yield

(cm) stem/hill tuber/hill (tha®)
0 51.¢" 5.6° 10.8’ 20.3 22.¢
46 63.7 6.8 13.¢% 27.8 29.8
92 69.7 7.3 13.7 33.3 35.6"
138 73.8 7.3 13.9 33.7 36.3
LSD(0.05) 35 0.6 1.1. 2.8 2.7
P,Os (kg ha'l)
0 65.3 6.8 12.2 28.7 30.7
46 64.4 6.6 12.6° 29.0 30.9
69 64.3 6.9 13.58 28.7 31.2
LSD(0.05) NS NS 0.9 NS NS
CV (%) 11.6 20.6 18.3 2.4 18.6
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Table 4 Effect of Nitrogen and Phosphorus on combined mean value of growth and yield of potato
at Chilga district over two years (2018 and 2019)

Nitrogen Plantheight Number of = Number of marketable  Total yield
(kgha?) (cm) stem/hill tuber/hill yield(tha™) (tha®)
0 44.6¢ 6.71 5.9 13.0° 13.7
46 49.5¢ 6.38 7.8 16.7 17.7
92 56.0b 6.58 8.4 21.17 22.2
138 62.8a 6.63 8.9 24.7 25.3
LSD (0.05) 5.8 0.78 0.7 2.8 2.9
P,Os (kg ha')

0 52.28 6. 48 6.3 15.8 16.7
46 52.53 6. 44 8.4 20.7 20.9
69 54.93 6.81 8.4 20.5' 21.58
LSD(0.05) NS NS NS 27.1 2.6
CV (%) 16.3 17.8 16.8 2.4 27.6

Partial Budget AnalysisEconomic analysisvas done to identify the most profitable NP
fertilizer rate. The partial budget analysis showed that, the application of different rate of
NP fertilization is economically feasible. In the current finding, the application of 92ikg

! N had the highest neehefit (242786.8 ETB hY and the highest MRR (38821 %) was
record. In addition to that, it gave an acceptable rate of return above 100% below (table 5).
According to Horton (1987), the greater the increase in net income and the higher rate of
return isthe more economically attractive the fertilizer rate is. The author further explained
that the fertilizer rate is acceptable only if the return is higher than 1.0. The application of
92 kgha® N had 62.57% yield advantage over the control. Therefor@ppkcation of this
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rate will boost the yield of potato production and increase the income of the farmers.
Whereas partial budget analysis showed that below (table 6), the applic&{i38 /46)
kgha' N and BOs had given the net benefit (169976.0 ETBhand the highest MRR
(1967%) was record next to (188) kg ha® N/P,Os had the highest net benefit (187008.3
ETB ha') and the MRR (1901 %) was record. The application of 46 and®9 Rith 138

kgha' N had 4311 and 39.1% yield advantage over control respectively. Therefore, the
application of 46 POs and 138 kd\ ha' had the highest MRR and yield advantage.

Table 5 Partial budget analysis at debark

Treatments Market Adjust fertilizer fertilizer Total Gross Net dom MRR
(P,Os,N) able ed Applicat Cost variabl  benefit benefit inan  (%)*
respectively vyield yield ion Cost (ETB) ecost (ETB) (ETB) ce

(thay)  (tha') (ETB) (ETB) anal

ysis

(0,0) 21.1 19.0 0.0 0.0 0.0 151920 151920.0
(46,0) 195 17.5 0.0 1558.5 1558.5 140162.4 138603.9 D
(0,46) 25.0 225 700.0 1456.6 2156.6 180302.4 178145.8 1216
(69,0) 20.5 18.4 0.0 2337.8 2337.8 147362.4 145024.7 D
(46,46) 29.5 26.5 700.0 3015.1 3715.1 2123424 208627.3 1955
(0,92) 34.3 30.8  900.0 2913.2 3813.2 246600 242786.8 34821
(69,46) 28.8 25.9 700.0 3794.4 44944 207360 202865.7 D
(46,92) 33.1 29.8 900.0 44717 5371.7 238262.4 232890.7 D
(0,138) 34.3 30.9 1100.0 4369.8 5469.8 246902.4 2414326 D
(69,92) 32.6 29.3 900.0 5251.0 6151.0 234417.6 228266.7 D
(46,138) 34.1 30.7 1100.0 5928.3 7028.3 245397.6 238369.3 D
(69,138) 32.8 29.5 1100.0 6707.6 7807.6 236282.4 2284749 D

*:MRR is marginal rate of return
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Table 6 Partial budget analysis at chilga district

Treatment  marketab Adju fertilizer fertilize Total Gross Net domin  MRR
arrangement le yield (t sted Applicati rCost variable benefit benefit ance (%)*
(P,0s, N) ha®) yield onCost (ETB) cost (ETB) (ETB) analysi

(tha (ETB) (ETB) S

)
(0,0) 10.9 9.8 0.0 0.0 0.0 73278.0 73278.0
(46,0) 15.7 141 0.0 17915 17915 105826.5 104035.0 1716
(0,46) 13.8 12.4 700.0 1327.5 20275 93001.5 909740 D
(69,0) 124 11.2 0.0 2687.3 2687.3 83922.8 812355 D
(46,46) 20.8 18.7 900.0 2655.0 3555.0 140400.0 136845.0 1860
(0,92) 16.9 15.2 700.0 3119.0 3819.0 113852.3 110033.3 D
(69,46) 19.6 17.6 700.0 4014.8 4714.8 132003.0 127288.3 D
(46,92) 17.7 15.9 1100.0 3982.5 5082.5 119252.3 114169.8 D
(0,138) 215 19.4 900.0 4446.5 5346.5 145273.5 139927.0 172
(69,92) 21.0 18.9 900.0 5342.3 6242.3 141527.3 135285.0 D
(46,138) 26.2 23.6 1100.0 5774.0 6874.0 176850.0 169976.0 1967
(69,138) 28.9 26.0 1100.0 6669.8 7769.8 194778.0 187008.3 1901

* MRR is marginal rate of return

Conclusionand Recommendation

Potato is one of the most widely cultivated vegetable crops in the highlands of Ethiopia.
Production and productivity of potato are very low when compared to the world national
average yield. Among different factors, soil fertility and nutrient managearenthe key

factors affecting crop productivity and soil nutrient depletion. To improve the production
and productivity of potato soil fertility management has to be the principal role of the
producers. Different experiments conducted in Ethiopia showattyatcation of different

nutrients has a positive relation to producing a higher yield of potato. The current

experimentations confirmed that adequate application of nutrients increase the production
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of potato and economic feasibility. Therefore, appiazabf 92 kgha nitrogen fertilization

is recommend for high lands of Debark district and similar agro ecology. Even if
application of phosphorus fertilizer, have not significant effect on potato, tuber yield in case
of Debark, it should be afipH the least (23 kgha P,Os) for soil fertility maintenance.
Whereas as at Chilga district and similar agro ecology the application of 138kgiogen

and 46kg ha* phosphorus is, recommend.
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Abstract

The average yield of barley in Ethiopia is lower compared to the worlgatehtial yield.

It is mostly constrained by theepletion of soil fertility,caused byimbalanced
fertilization, limited application of organic manure, intensive croppidield experiment

was conducted at two locations for three consecutive years {2018) to determine the
effect of S on yield components, and yield of food barleyexperimentonsisting of six
levels S (0, 10, 2@®0, 40, and 50 kg hJ laid out in RCB design with three replications.
The results revealed that, yield components of barley were not affected by various levels of
S. On the comary, grain and straw yield wasignificantly affected by S levels compared to
control treatmentApplication of S at 20 kg Haincreased grain and straw yield of food
barley by 16.8 and 20.2 % compared to control respectively. The pdntiddjetanalysis

result revealed that, application of 20 kg S'troduced the highest net bene88(74.5

ETB), while, compared to thearginal rate of return (MMR), application of 10 kg S'ha
produced the highest MREF99.8%) value. The current finding complemeatiditional
evidence to research entitlements that S is becoming the limiting nutrients in Ethiopian
soils and barley yields have been improved by the application of S nutrient. Therefore,
based on biological data and net benfie application of 20 kg ®a* is found to be the
further most economically feasible treatment for food barley production in the Basona

woreba district.

Keywords: Balancedfertilization, Sulfur, Food barley
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Introduction

Barley Hordeum vulgard..) is an ancient cereal crop and is the fodattyest grown
cereal crop in the world with a share of 7% of the global cereal productioret(R&)
2012). It is a coekeason crop that is adapted to high altitudes (Bayeh and Berhane, 2011).
In Ethiopia, barley is one of the most important crops for food, feed, malt, and income
generation for many smallholder farmers in the highlands. Furthermore, it is used as animal
fodder, as a source of beverages, and as a constituent of various health foodsndliggdit
barley grains are used for making homegrown recipes and drinks such as Dabo, kolo,
genfo, kinche, 'beso," tela’, 'borde’, and other types of(lBekkleet al, 2020) The crop is
considered as a poor mands crop and better
lands (Vermeaet al 2011).

The world average productivity ofadey in 2018/19 is 2.8%h&" (Dukhnytskyi,
2019. The average yield of bay in Ethiopia is lower (2.1é&"), compared to the world
average (2.89 t 3 and itspotential yield of 6 ha. Barley in Ethiopia occupies about
811,782.08hectares of land annually with an estimated productiom&880,740.91
quintals(CSA, 2019) Currently, larley consumption in Ethiopia is increasing due to the
growth of population and a gradual change of lifestyle, but its productions have not
expanded as required, and productivity is still low. Téidueto several constraints such as
depletion of soil feility, which is caused bintensive cropping, imbalanced fertilization,
limited application of organic manures, asdil erosion (Birharet al, 2016; Parashast
al., 2020).

Balanced fertilization is efficient fertilizer utilization for sustainalbigh yields
which indicates a total plant nutrition system that is capable of taking care of all deficient
nutrients which occur in an area, they may be of macmmicronutrients Ryan 2008. It
is also seen as a dynamic approach that responds to the need for higher productivity and the
emergence of any new deficiencies or diso(ter, 1997) For fertilizer use to be efficient
and environmenfriendly, balanced use is a guequisite. Therefore, adequate mineral
fertilization is considered to be one of the most important requirements for better yield and

quality of crop (Parashaat al, 2020). Soils in the highlands of Ethiopia usually have low
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levels of essential plant rrignts, like low availability of nitrogen, and others are limiting
nutrients to crop production (Tage al, 2002;Mennaet al, 2016 Assefaet al, 2017).

In addition to N and P nutrients, sulfur (S) deficiency is also distributed in Ethiopian
soils. For example, Assefa (20168 hawlet al (2020) andShawlet al (2021)studied the
response of the wheat crop to S application and reported that significantly respmi&led
fertilizer application. Soils in those studies had S content below the critical levid (i
SO, %-S kg* dry soil) for optimum production of the crop. Other study reported that, the
effect of S on cereal crop grown in the semd region of Ethipia found that grain yield
and S uptake was significantly increased due to S application (Kiros Hagos and Singh,
2009).Likewise, a field experiment was conducted in barley, shown thaapipiication of
30 kg S h# significantly increased the plant height, dry mapeoduction, and number of
tillers of barley (Kumawaget al 1997). The national soil inventory data also revealed that
in addition to NP, sulfur nutrient deficiency (92%) is widespread in Ethiopials soi
including the study are&thio-SIS, 2013.

Without adequate supply of S, crops cannot reach their full potential in terms of yield
or protein content (Zhaet al, 1999). Among the essential elements, S is very much
beneficial for increasing crop proction and involved in the synthesis of chlorophyll,
amino acids and some plant hormones (Raktnaln 2007). Continuous removal of S from
soils through plant uptake without replenishment has led to widespread S deficiency and
affected soil S budg al over the world, even including the industrialized ones, areas
where industrial pollutions can contribute S for plants (Imearal, 2014).Hence, it is
necessary to generate more information on S effiediarley production in the study area.
Therefore, the present study was designed to investigate the effect of S application on yield
and yield components of food barley grown in Basona werena District, North Centeral

highland of Ethiopia.
Materials and Methods

Description of the Study AreasThe experiment was conducted for three consecutive

(20142016) cropping seasons /years on two locations at Goshebado (147 km) and
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Gudoberet (17&km) to northwest, and Eastom the capital City, Addis Ali®, Ethiopia

respectively. Geographically, the field experiment lies betwe@n 094 36, 48 44® ,t o

45.80 N2&md BPY 1@7H0 @940 E with an altit.

Goshebadoand B9 466, 2% . 236t 0 08 . B¥Faan @’ t0@O9®B3I 9 08 .
E with an altitude of 2914 to 3043 m.a.s.| at Gudobditet. study locations and the district

as a whole are characterized by having annodal rainfall pattern and receives an average
annual rainfall of 921.2 mmNitisols and Canbisols are the dominant soil type in
Goshebado and Gudoberet experimental location respectively. Major crops grown in both
locations are wheat, Barley, lentil, faba bean, chickpea, field pea, and grass pea in

decreasing orders of area coverage.

Soil Sampling and Analyse8efore planting of barley crop, the composite soil samples
were collected from each site from a depth-@&00cm using augur randomly from 15 spots

by walking in a zigzag pattern. After carefully mixing the composite samples, 1dupof
sample was taken and brought to Debre Berhan Agricultural Research Center soil
laboratory. The submitted soil sample wasdxied and grounded to pass a 2 mm mesh

sized sieve.

The processed samples were analyzed for texture following the Bouyoucous
hydrometer method (Bouyoucous, 1962). The pH of the soil was measured using a pH
water method by making soil to water suspension of 1: 2.5 ratio and was measured using a
pH meter YanReeuwijk, 1992 The soil OC content was determined by the wet digestion
method (Walkley and Black, 1934). Total nitrogen (TN) was determined by using the
modified micro Kjeldahl method (Cottenie, 1980)vaable P (ava. Pyvas analyzed by
using Olsen colorimetric method as described by Qéseth (1954).

Treatments Design,and Experimental Proceduréhe experiment consisting of six
levels of S (0, 10, 20, 30, 40, and 50 kg handlaid out in randomized complete block
design (RCBD) with three replicationBhe recommended dose of 6§ 80 K0, 92 N kg

ha', andmicronutrients (2Zn, 0.5Cu, and 0.5B kg'havas applied in each plot to avoid

the limiting nutrients.Gypsum (CaS04*2H20, Borax, Zinc Sulfate, Copper Sulfate,
Murat of potash and Triple superphosphate (TSP) were used as S, B, Zn, Cu, K and P
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sources rgzectively. The test crop, barley variety, HB0O7 was planted in a unit plot size

of 3.6 x 3.4m with row spacing of 20 cm apart at a rate of 137.7 kgThe whole doses

of gypsum(CaS04*2H2Q KCI, and TSP fertilizers were applied as basal before planting
as per the treatment. The Uiavas splited; one half of N was applied at planting and the
remaining one half was applied one month after planting. Micronutrients (Zn, B, and Cu) in
the form ¢ ZnSQ,, Borax, and CuSgxrespectively were applied in foliar form two times at

the tillers developments stage of the crops. All agronomic management of the experiments
were done as per the specific recommendation for the crop.

Data Analysis The collectd data were subjected to statistialalysis of variance
(ANOVA) using SAS software prograg®AS version 9.3; SAS Institute Inc, 2011). After
verifying normality andhomogeneity of error variance across years and locations, a
combined analysis for the 2grs and locations watone byusing the procedure of SAS
software version 9.3SAS Institute Inc, 20)1 Mean comparisons were done bgast
Significant Difference (LSDaccording tothe procedure of Gomez and Gomé&mwnez

and Gomez, 1994t a 5%evel.

Partial Budget AnalysisPartial budget analysis was done to determine the economic
feasibility of S fertilizer for food barley production around the study areas following
procedures described in CIMMYT (1998). The mean grain and straw yield data of barle
were employed in the analyses. Furthermore, the grain and straw yield obtained from each
treatment were adjusted down by 10 % to narrow the possible yield gap that may happen
due to differences in field management. The average prices of relevant aquited to do

the partial budget analyses were collected from different sources. The prices of gypsum
fertilizer during the planting of this experiment was collected from Debre Berhan town.
Accordingly, the price of gypsum was 2.4 Ethiopian Birr (ETB) kghe field prices of

grain and straw yield at the district local market around the study area were used.
Accordingly, prices of grain and straw yield of barley were 7 and 2.4 ETB kg
respectively.The economicanalysis procedureecommended by CIMMYT @88) was

applied as follows:

Average yield (AY) (kg Fi It is the average yield of each treatment converted to hectare.
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Adjusted yield (AJY)The adjusted yield for treatment is the average yield adjusted
downward by 10% to reflect the difference between the experimental yield and the yield

farmers could expect from the same treatment. AJY =AY x 0.1).

Gross benefit (GB):The gross fieldbenefit for each treatment was calculated by
multiplying the field/farm gate price that farmers receive for the crop when they sale it as
adjusted yield. GFB = AJY x field/farm gate price of a crop.

Total variable costs (TC)This is the sum of all theosts that vary for a particular
treatment.Net benefits (NB)This was calculated by subtracting the total costs from the
gross field benefit for each treatment. NB = GFBC

Dominance analysis (D)This was carried out by first listing the treatmentsorder of
increasing costs that vary. Any treatment that has net benefits that are less or equal to those
of treatment with lower costs that vary is dominated.

Marginal rate of return (MRR)This was computed by dividing the marginal net benefit
(i.e., tre change in net benefits) with the marginal cost (i.e., the change in costs) multiplied
by hundred and expressed as a percentage.

Change in NB

100
Changein TVC ’

MRR (%0 =

Where NB=Net benefit, TVC= total variable cost, MRR= Marginal rate of return. Thus,
(MRR) of 100% implies a return of oneirBon every Birr of expenditure in the given

variable input.

Resultsand discussion

Soil Physical and Chemical Properties Prior-planting soil analyses of selected
physicochemical properties of samples collected from experimental locations at Goshebado
and Gudoberet are summarized Traljle 1). The soils of Goshebado and Gudoberet was
belonging to clay and clay loam textural class respectively. Goshedmaldreaction (soll

pH) ranged from slightly acidic to neutral whereas the soil of Gudoberet ranged from
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moderately acidic to neutral reaction (Murphy, 1968). Goshebado TN ranges from low to

moderate and whereas OC is low categories (Tekalign, 1991)OThand total nitrogen

(TN) content of Gudoberet is in low categories. The available P content of Gudoberet is

low to the medium range while at Goshebado is ranged fn@aiumto high categories

(Olsenet al, 1954).

Tablel: Soil Physicachemical properties of the study sites across years

Locations
Parameters Goshebado Gudoberet

2014 2015 2016 2014 2015 2016
pH (1:2.5) 6.34 6.81 6.8 6.68 5.8 5.6
Av. P (ppm) 6.90 7.90 6.70 24.78 15.50 13.80
TN (%) 0.10 0.15 0.15 0.07 0.08 0.09
OC (%) 1.17 1.46 1.40 0.75 0.77 0.77
C:N 11.47 10.01 9.62 11.20 9.85 8.63
Sand (%) 22 22 22 36 26 25
Clay (%) 52 46 46 28 34 35
Silt (%) 26 32 32 36 40 40
Textural Class Clay Clay Clay clay loam clay loam clay loam
Effectof Sulfuron Yield Componentsof Barltehhe yi el d components of

respond significantly to S, the interaction of sulfur (S) by location (L), S by year (L) (S*L
and S*Y), and interaction of S by L and Y (S*L*YT4ble 2). While, the main effect of
Year (Y) and location (Lhighly significantly (p<0.01) affected the yield components of

food barley Table2).

The analysis of variancehowed that, the maximumeanplant height (97.5 cm), spike
length (6.9 cm), total tillers (7.9) and fertile tillers (7.2) voddained in year $Table 3)

While, the lowest value of the abowgentionedparamegrs was obtained in the first year

(year 1). While considering location effect on yield components of food barley,

significantly higher values of these parameters were iridala at Goshebado than
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Gudoberet. At Goshebado, plant height, and spikethiewgre higher by 4.5 and 4.7 %

respectively over that produced in Gudoberet irrespective of treatments.

Table2: Effect of S on overall mean of yield commts of barley

S-rate (kg hd) Plant height (cm)  Spike length (cm) Total tillers plant  Fertile tillers plarit
0 87.4 6.3 6.1 5.7
10 89.9 6.0 6.7 6.2
20 91.9 6.5 6.4 6.1
30 88.6 6.2 6.5 6.1
40 89.4 6.2 6.6 6.2
50 91.3 6.5 6.4 5.9
LSD (p<0.05)

S ns ns ns ns
L 5.9 1.01 ns ns
Y 3.4 0.25 ns ns
S*L ns ns ns ns
S*Y ns ns ns ns
S*L*Y ns ns ns ns
CV (%) 13.58 6.38 11.36 11.98

*S=sulfurlevel, L=location, Y=year

Table3: Main effect of year and location on yieddmponents of barley

Year* Plant height (cm)  Spike length (cm)  Total Tilers planit Fertile Tillers planit
1 81.3c 5.4b 4.33c 4.0c

2 90.5b 6.6a 6.97b 6.7b

3 97.5a 6.9a 7.9a 7.2a

LSD (<0.05) 5.9 1.01 0.95 0.41

Location

Goshebado 91.8a 6.4a 6.44 5.9

Godoberet 87.7b 6.1b 6.39 6.0

LSD (<0.05) 3.4 0.25 ns ns

*1=2014, 2=2015, 3=2016
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Effectof Sulfuron Grain and Straw Yield of Barlegrain and straw yield of food barley
respond significantly (p<0.01) to main effect of S nutrient , butegpond significantly to
the interaction of sulfur (S) by location (L), S by year, and interaction of Sby L and Y (
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Table 4). While the overall mearf grain and straw yield of barley were significantly

(p<0.05) affected by the main effect of years and locations

Data in
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Table4 showed that the ffcts of S on grain and straw yield of barleyhe increasing S
rates up to 20 kg Hashowed an increasing trend and attained the maximum grain and
straw yield of barley. However, the increase of S rates beyond 20 kghwmved a
decreasing trend in graand straw yield of barleyApplication of S at 10 and 20 kg ha
significantly increased grain yieldty 12.8 and 16.8%over the control respectively.
Similarly, these treatments increased straw yield1By7 and 20.2%over the control
respectivelyTherefore, the present finding revealed that barley yield has been improved by

the application of S fertilizer.

Data regarding to mia effect of year and locationn grain and straw yield of barley
presented inrable5. The higher values of grain and straw yield were obtained in year 3
than in year 1 and 2. In year 3, grain yield was higher by 8.6 and 18.4% and straw yield by
2.0 and 8.1 % over that prodectin year 1 and 2 respectively. This might be due to better
rainfall distribution and temperature suitability in year 3 than year 1 and 2.

Location has significantly affected grain and straw yield of food barley. Accordingly,
significantly higher valuesfograin and straw yields were obtained in Goshebado than
Gudoberet location. At Goshebado, grain and straw yields were higher by 13.0 and 19.7%
over that produced in Gudoberet irrespective of treatmé&atid€ 5).This could be possible

be due to better mioclimate condition of food barley used in Goshebado than Gudoberet.
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Table4: Effect of Sulfur ongrain and straw yield of barley

Srate (kg ha') Grain yield (kg ha™) Straw yield (kg ha®)
0 4028.0c 5452.7c
10 4620.1ab 6543.2ab
20 4840.8a 6833.1a
30 4577.0ab 6290.9b
40 4665.4a 6278.3ab
50 4658.3a 6121.5b
LSD (<0.05)

S 5134 523.7

L . .

v . .

S*L ns ns

S*Y ns ns

S*L*Y ns ns

CV (%) 14.62 13.17

*S=sulfurlevel, L=location, Y=year

Table5: Main effect of year and location on grain and straw yield of food barley

Year* Grain Yield (kg ha) Straw Yield (kg ha)
1 4130.0c 6051.5b

2 4517.9b 6173.2b

3 5059.0a 6586.0a

LSD (<0.05) 316.58 325.5

Location

Goshebado 4243.67b 5580.85b
Godoberet 4879.2a 6948.67a

LSD (<0.05) 608.23 1189.32

*1=2014, 2=2015, 3=2016

Partial Budget AnalysesThe results of partial budget analysis data of S fertilizers are
summarized imable6. Accordingly, treatments produced higher net benefit (NB) relative

to the control treatment, which indicates the feasibility of S fertilizer application for barley
production in the study district. Therefore, the highest BR&®L74.5ETB) was produced by

the application of S at 20 kg héollowed by application of S at 10 kg havhich produced
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(37124.9ETB). When it comes to the marginal rate of return (MRR), thedsghalue of
MRR (7274.24) was produced by application of S at a rate of 10 Kgfbisowed by 20 kg
S ha".

Table6: Partialbudget analysis of barley to the study areas

Adj grain _ _

Srate (kdna')* yield Adj straw yield TVC GB NB MRR MRR (%)
0 3625.2 4907.4 5217 37154.2 31138.2 - -

10 4158.09 5878.9 5300 432159 371249 72.74 7274.1
20 4396.72 6059.8 5383 46320.5 391745 48.99 4899.8
30 4119.3 5661.8 5466 42423.4 36182.4 21.10 D

40 4198.8 5650.5 5550 42953.3 36637.3 17.40 D

50 4192.47 5509.4 5633 42569.7 36178.7 12.99 D

*
S=Sulfur, Adj=Adjusted, TVC=Total variable cost, GB=Growth benefit, NB=Net benefit, MRR=Marginal rate of return

Discussions

Sulfur (S) is an essential plant nutrient needed for highep yields andimproved
nutritional value, in recent decades the occurrence of S deficiency has increased and
fertilizer S may steadily increase, this may lead to inefficteop utilization of S and result

in negative footprints on thenvironment (Aulaet al 2019). FPevious research result
revealed thatsulfur deficiencyis capable of reducing crop yield even without expressing
visual symptoms on plants (Tandon, 1995; Sharmazanpda, 2003).

Currently, deficiency ofsulfur is increasinglybeing reported in soils oEthiopia For
instance, Assefa (2017), Shawl etal., (2020) and Shawl etal., (2021) research report
indicated, the sulfur content of the expeimental soils were below the critical level and
application of sulfur using wheat as a test crop significantly awgat grain and straw yield

of the test cropin the present study, the application of S is improved bayjikeld. The
increasing rate of S up to 20 kg'hshowed arincreasing trend and attained the maximum
grain and strawyield of barley. It was alsobserved from a previous studlyat, sulfur
fertilizer improved yield and yield componemtisbarley (Togayet al 2008). Another study

result indicatedhat the application of S plays an important role in bamlgyition (Environ
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Abstract

Sesame is considered one of the most i mpor
world because its seed has high contents of oil and proeifield experiment was carried

out during the 2019 cropping season at the metema and tacharmacheho district, West
Gondar zone, to verify the effects of phosphorus (P) fertilizer level on the yield anrd yield
related components of sesaar@d validate soiffertility maps of the lowland areas of the
AmhararegionThe government has | aunched the OEt h
maps and gener atbeassdi Ibafl amtcieldi tfyermap i zer |
country. The maptshdwms Rev&n Byt Bi,e Zn, and
cultivated and cul t i Wwhobphaus ia aneessentiabplant Autniena r a r
which involves in all physiological activities of the crop production. The experiment was

laid out in a randonded complete block design (RCBD) with three replications and the
treatment consisted of one rate of N fertilizer (46 N kg hand four levels of phosphorus

fertilizer (8.3, 16.6, 24.9, and 33.3 kghaPhosphorus application had a significant effect

on 100 seedveight. The highest thousand seeds weight was recorded on 4®kga

(Trt 4) while the control plot (0 kg2®s ha) had the lowest thousand seeds weight. The

highest grains yield (936.6 kg hawas recorded in 46 kg,Ps ha'and the lowesgrain

yield (678.6 kg hd) was recorded in the control plofpplication of different rates of P

fertilizer provided a statistically significant difference in grain yield of sesame.

Keywords: Metema, Phosphorus, Sesame, Soil map, Tach aracheh
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Introduction

Sesame is considered one of the most i mpor
world because its seed has high contents of oil and protein (Beehahu2016). World
production of sesame seed gradually increased from 5.2 million tonSipethe 2011s to

6.1 million tons yeat in 2014, due to increasing demand for sesame oil worldwide
(FAOSTAT, 2016). According to the FAO, in 2016, the reserved area for sesame planting
in the world was 11.06 million hectares with a production rate of 6.08&omiibns yeail

and an average vield of 1.11 t"han Africa, Ethiopia stands fifth in the area after Sudan,
Tanzania, Nigeria, and Burkina Faso, however, in productivity, Ethiopia stands eighth after
the Central African Republic, Egypt, Somalia, Beriigeria, Cameroon, and Morocco
(FAOSTAT, 2016). The major sesame s@edducing regions are situated in the North
West and South West Ethiopia in Humera, Gondar, Wollega, and Metekel (Dawit and
Meijerink, 2010; CSA, 2011).

In Ethiopia oil seeds added 6%8(about 846,493.53 hectares) of the grain crop area and
2.79% (about 8,550,738.16 quintals) of the production to the national grain total. Neug,
sesame, antinseed covered 2.29% (about 290,494.94 hectares), 2.92% (about 370,141.06
hectares) and 0.62% (@t 79,044.51 hectares) of the grain crop area and 1.06% (about
3,233,448.82 quintals), 0.84% (about 2,559,034.30 quintals) and 0.29% (about 882,096.51
guintals) of the grain production, respectively (CSA,2018).

Nitrogen, phosphorus, and potassium arenoialled primary macronutrients because of

the large quantities taken up from the soil relative to other essential nutrients. The need for
phosphorus is critical during the early stage of growth when normal meristem development
and rapid shoot growth areecessary for high yield. Plants use about 1/10 as much
phosphorus as nitrogen. It is part of plant nucleoprotein and hence important in plant
heredity. Phosphorus also plays a role in energy transfer reactions, metabolic processes, cell
division, stimulats fruit setting, and seed production (Miller and Donahue, 1995; Tistlale

al., 1995). The physical and chemical properties of soil were reported to influence the
solubility of phosphorus and its absorption reaction in soils. These include the nature and

amount of soil mineral, soil pH, cation effect, anion effect, extent of P saturation, and
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fertilizer management (Tisdakt al, 1995). Lack of improved varieties, moisture stress,

poor crop management practices, and the growing of sesame on the sanwe &ihah{

Tamratet al.

time without crop rotation are considered as some of the reasons for the reduction of the

yield in Ethiopia (Berhanwet al, 2016). Therefore, this research aimed to verify the
response of sesame to different phosphorus levels applicationadiddte soil fertility

maps on metema and tach armacheho districts in the lowlands of the Amhara region.

Materials and Methods

Description of Study Ared he experi ment was conducted
and Aftit kebeles in Metema and Sanja &mthdeqa kebeles in Tache armacheho districts
in the West and Central Gondar administrative zone respectively in the Amhara region,
Ethiopia. The experimental areas are located 38324 and 12.28-13.14 and 36.62
37.59 and 12.7813.29 14 longitudes and latitude of Metema and Tache armacheho

respectively. Vertisols are the dominant soil type and sesame, sorghum, soybean,

on

mungbean, and cotton were the main crops growing in the study areas. The study areas has

mixed croplivestock farming system.
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Figure 1. Map of the study areas
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The altitude of the areas ranges from as low as 550 to 1608 masl while the mean annual
temperature ranged between 22 and°@8Daily temperature becomes very high from
March to May, where it may get to as high as’@3n the Metema district. Nearly all the

land in the area is in the lowlands except some mountain tops which fall outside. According
to the available digital data, the mean annual rainfall for the area ranges from about 850 to
around 1100 mm. Based on this thfidata, about 90% of the area receives a mean annual
rainfall of between 850 and 1000 mm. The rainy months extend from June until the end of
September. However, most of the rainfall is received during July and August (NMSA,
1985).
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Figure 2. Annual nafall (mm) and Minimum and Maximum Temperatures at Metema
district (2011 E.C)
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E.C)

Experimental Research Design and Treatments

The experiment was laid out on a randomized complete block design and the treatments
were; 0 BOs, 19 ROs, 38 ROs, 46 BOs, and 57 kg BOs ha'. The recommendation of
fertilizer used for sesame was 65 kg Ured.HBhe plot size was 4.8 m * 5 m wide and
length. There were 1m, 1.5 m, 40 cm, and 10 cm between plots, replications, rows, and

plants respectively.
Soil Sampling Technigue and Analysis

Eighteen soil samples were randomly collected in a diagonal pattern before sowing from a
depth of B20cm on each experimental site and taken one composite sample. The composite
soil sample was airied and passed thrdug 2 mm sieve for physicochemical analysis.
The soil was analyzed for texture, soil total nitrogen, available phosphorous, pH, OC, and
CEC before sowing. The texture of the soil was determined by the hydrometer method
according to (Bouyoucos, 1962). Totsdil N was analyzed by the Kjeldahl digestion
method with sulphuric acid (Jackson, 1962). Soil pH was determined from the filtered

suspension of 1:2.5 soils to water ratio using a glass electrode attached to a digital pH
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meter, a potentiometer (FAO, 200&)rganic carbon, was determined by oxidizing carbon
with potassium dichromate in sulfuric acid solution following the Walkley and Black
method (Walkley and Black, 1934). The available soil phosphorus was determined by the
Olsenmethod (Olseret al 1954) Exchangeablgotassium was extracted by ammonium
acetate at pH 7 (Sahalmedhin and Taye, 2000) and determined by an Atomic absorption
spectrometer. The cations exchange capacity (CEC) of the soil was determined following

the 1N ammonium acetate extraction (pH7) method.

Land Preparation and SowingThe experimental field was prepared for the conventional
tillage practice of the area. It was manually leveled and then divided into blocks and plots;
the blocls were separated by a 1.5 met#ie open space where the plotghe block were

1m apart from each other. Each plot consisted of 12 rows of 5 m in length and spaced 0.4 m
apart. The selected sesame variety (Abasyena) seeds were sown manually at the equal
spacing between plants and rows with a seed rate&kgh&1 anddepth (35 cm) midway

on the row and slightly covered by soill.

Fertilizer Use, Thinning, and Weedinghe full dose of TSP fertilizer was applied during
sowing, while urea was applied in the split as a 1/3 ureadseer treatment) was applied
uniformly in rows at planting. The remaining 2/3 of each nitrogen fertilizer treatment was
sidedressed after 45 days from sowing. The weeds observed in the plots were controlled
manually at the same time for all treatments. Thinning of seedlings was done éalee w

after sowing and the second thinning was also done a week after the first thinning to have
10 cm spacing between plants as recommended and practiced in the area to get the
recommended stand population. All other typical agronomic practices of thevarea

performed uniformly to all plots.

Data Collected Plant height; the mean height of ten randomly selected plants at
physiological maturity, measured from the base to the tip. Number of branch per plant: at
maturity, ten plants from central rows wetesen at random and their branch was counted
from each plant. Number of pod per plant is recorded as the mean of ten randomly selected
plants at physiological maturity. Seeds per pod was counted on ten randomly selected pods

at physiological maturity andecorded the mean value. Thousand seed weight; the weight
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Table 1.Physicechemical propeies of the experimental sites

Parameters Metema Tach armacheho
Site 1 Site 2 Site 1 Site 2
Soil pH (H,0) 6.18 6.37 6.42 6.48
Organic Carbon (%) 1.14 0.99 0.73 0.99
Total N (%) 0.17 0.17 0.18 0.20
Available P (mg kd) 4.6 3.06 4.6 3.12
CE.C (cmol kg) 45.90 46.72 49.90 50.20
Exch. K+ (cmol k&) 0.06 0.10 0.14 0.17
Sand (%) 16.72 18.72 16.72 18.72
Silt (%) 21.28 27.82 23.28 25.28
Clay (%) 62 54 60 56
Textural class Heavy clay Clay Clay Clay

Growth Character Plant height The application of phosphorus shows a significant effect

on plant height of sesame. The highest (144cm) and lo{&83tm) were recorded on
treatment 4 (46 kg ®s ha') and treatment 1(Control) respectively. A similar result was
found from the findings of Nushrat al, (2019) they stated that the highest plant height of
sesame was recorded from 46 k@#Pha’. However the longest plant height was obtained

on treatment (4) there was a significant effect on the other treatments (2, 3, & 5) except the
control plot. These results might be due to the stimulating effect of phosphorus on
metabolic activity, cell divi®n and expansion, leading to higher plants (Marschner, 1986).
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Table 2 Effect of phosphorus on growﬂnd yield parameters of sesame

Treatment (FOs kgha) pH* NPP TSW GY

0 (Control) 137 25° 2.6° 678.6
19 142" 32" 2.6 829.8
38 143" 33 2.6 879.8°
46 144 36 2.7 936.3
57 140" 31 2.6 828"
Mean 141 31 2.7 830.4
CV (%) 4.1 18.8 5.1 7.6
LSD (Sig) * * * *

* Plant height (PH)Number of pod per plant (NPP), 1000 seegight (TSW), Grain yield (GY kg ha),

Coefficient of varianc€CV), Least significance differendeSD) and *significant at 5 % level.

YieldContributing Characters

Numberof Pods/Plant Analysis of variance showed that the number of pods/plant was
much affected by different levels of phosphorus. The phosplagpigcation at increasing

levels showed significant effect on number of pods per plant up to 46Qgh8’" then
reduced. The greatest numbers of pods/plant (36) and the smallest number of pods/plant
(25) were recorded on 46 kg@® ha® (Trt 4) and conwl, respectively. Similarly, this
finding agreed with the report of Habte Berhanu and Adugna Hunduma,20lindieate

that the highest pods per plant (68.67) was recorded from the application of 40sktgP

and the lowest pods per plant (48.52) weorded from zero \eels of phosphorus fertilizer

(control).

1000 SeedlVeight Phosphorus application had a significant effect on 100-segght. The
highest thousand seeds weight was recorded on 46Qgh@* (Trt 4) while the control

plot (0 ROs ha') had the lowest thousand seeds weight. Increasing phosphorus fertilizer
rate up to 95 kg s ha' significantly increased the 10&@ed weight of sesame (Hafiz
and EfBramawy, 2012). According to Akt al (2002), 1008seed weight was influenced
significantly by the application of phosphorus. The present finding agrees with Neshrat
al, 2019.
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Grain Yield: The highest grains yield (936.6 kg havas recorded in 46 kg®s ha' and

the lowest grain yield (678.6 kg fiawas recorded in the controlgpl Nushraet al (2019)
showed that the highest seed yield of sesame was recorded from 46:kigaP but the
lowest seed yield of sesame was recorded from control (0,®g ). The result is
supported by the findings of (Shehu, Eetal, 2010 andHaruna, M. 2011) who reported
that increasing phosphorus levels has significantly increase grain yield. Hafiz and El
Bramawy (2012) found that increasing phosphorus fertilizer rate up to 95Qghg*
significantly increased the seed yield of sesame.

Conclusionand Recommendation

The present study indicates that different levels of phosphorus showed a significant effect
on growth and vyield of sesame. The result of the experiment showed the application of
different rates of P fertilizer provided a sstitally significant difference in grain yield of
sesame; and adding P fertilizer could increase the grain yield of sesame when compare to
unfertilized plot (O P). Therefore, further research on the factorial combination of various P
and N fertilizer rateshould be done to recommend the optimum rate of NP fertilizer for

sesame in the lowland areas of the west Gondar zone.
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Abstract

Soils are affected by human activities, including agricultural activitvsich often

result in soil degradation. To prevent soil degradation and rehabilitate the potentials of
degraded soils, a critical and detailed study of the description, characterization, and
classification of the major soil types in a given area is impurtdherefore, the soil
physical and chemical properties were characterized based on the FAO 2006 manual at
Metema irrigation station, which is one of the irrigation research stations of Gondar
Agricultural Research Center. For laboratory analysis, threefiies were opened,
described, and sampled from each generic horizon. Tweuatysoil profile samples

and 10 PF (p of power, F of free energy of water) rings samples (core sampler) were
collected for laboratory analysis. Soil observations on parall&digrids of 30 m apart

were laid across the land, and auger observations were taken every 30 m along the grid
line. The auguring was made staggered with "Edelman” auger to a depth of 1.20 m. The
soil characterization result revealed that three mappingsusutch as Eutric Orthofluvic
Fluvisols (Loamic), which are somewhat excessively drained soils that occur in the
northern part of the research site along the Guang River, Pellic Vertisols (Hypereutric),
which is poorly drained soils that occur in the southpart of the research site, and
Pellic Vertisols (Hypereutric) which refer to waltained soils that occur in the eastern

part of the research site are identified in the research site. Generally, the dominant soils
of the Metema Irrigation Research stat are Vertisols and Fluvisols, which are very
deep and less eroded. The major constraints are wagging, poor workability, and
depletion of nutrients, leading to low productivity. Therefore, soil and water
management strategies that cope with thesestraints should be identified further.

Keywords: Fluvisols,generic horizon, soil characterizatipsoil profile, soil property
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Introduction

Soil is one of the vital land resources which is a basis for agricultural production; it
influences crop suitability and choice of land utilization types. An increase in food
production will require an integratingustainable use of natural resourc2slléke et

al.,, 201QUnited Nations, 2013 Soils are affected by human activities, such as
industrial, municipal, and agriculture, which often result in soil degradation and loss or
reduction in soil functiongKeesstraet al, 2016) The consegence tracks back to
humans and nature; it affects yield reduction, forest degradation, and uncomfortable
condition for micreorganismgUnited Nations, 2013)Reliable soil data are the most
prerequisite for the design of appropriate larsg systems, gananagement practices

(to rehabilitate degraded soils). Soil survey needs to understand the natural properties,
dynamics, and function of soils (FAO, 2006). Thus, extensive soil surveys and
investigations have to be carried out to meet the goal of sabtai agricultural
production of an area. Accurate soil information about the current status of surface soil
characteristics and soil factors is critical in achieving the goals of sustainable agriculture
in the 21st centuryScherr &McNeely, 2008 United Nations, 2013

Soil potential management and exploitation is based on the critical and detailed study of
the description, characterization, and classification of the major soil tgpasgiven
area. It serves as the basis for soil classification, site evaluation, and interpretations of

the genesis and environmental functions of the soil ( FAO, 2066finet al, 2017)

The assessment of soil suitability for different agriculture uses usually redetasts

on land resources inventory for the future crop management system. The soil studies of
the Metema irrigation site were done during the Metema woreda soil study at a 1:
50,000 scale in 1995. However, taking into account the objective of the psasintit

was carried out at a 1:2000 scale achieving a density of eleven auger hole observations
per hectare (ha) as required under the terms of reference (TOR).

Objectivesof the Study
The overall objective of the soil survey study is to provide detdiformation on the
soil of the Metema Irrigation Research Site for irrigated agricultural purposes. The

specific objectives of the study were:
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1. To investigate and identify different soil types of Metema Irrigation Research
Station

2. To describe soilgphysical and chemical characteristics

3. To map the distribution of the soil units at 1:2,000 scale, and

4. To identify constraints and potentials of major soils before development

intervention.

Materials and Methods

Area description: Metema irrigationresearch ige is located in Amhara National
Regional State, West Gonder Administrative Zone in Metema Yohanes woreda, at about
47 km northwest of Genda Wuha town (on Gendawuha to Metema road and bifurcates
to the North at 3%m). This irrigation esearctlsite lies in the Tekeze River Basin, and

its geographic extent in UTM (WGS 84) ranges from 1433455 m to 1433710 m North
latitude and 202922 m to 203355 m East longitudes. The lowest altitude is 680 meters
above sea level, while its highest is 690 meteryals®ea level. A map shavg the

location of the Metema irrigation researdte $s provided in Figuré.
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Figure 1. Location of Metema Irrigation Research Site

Climate: There is a meteorological recording station located in the close vicinity of the
study area. The meteorological data were obtained from Ethiopia National
Meteorological Agency (NMA) at Metema station. The meteorological parameters like
monthly mean minimum and maximum temperature and mean annual rainfall is
presented in annex 3a and 3b. é&wling to the Ethiopia National Meteorological
Agency (NMA) data records at Metema station (from 1997 to 2015), the annual rainfall
ranges between 663mm to 1371mm with the mean annual value of 987.81mm. It has a
uni-modal rainfall pattern where the raingason is from June to September, during
which 86.6% of the annual rainfall occurs (annex 3a). However, 25.5% of the mean
annual rainfall occurs in August. It indicates that the area has an uneven distribution of
rain that causes soil erosion in slopingdgmaphy. The mean monthly average rainfall

records of the last 19 years are shown in Figure 2.
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Figure 2. Mean monthly rainfall of the study area

The mean annual temperature is 2%2%nd the yearly mean minimum and maximum
temperatures are 19%4 and 35.28c, respectively (Annex 3b). August is the coldest
month (24.8%), while March and April are theottest 80.22 to 31.6%). According to

the climatic classification developed in the Agroecological zones of Ethiopia, the study
area falls in theategory of warm sumoist lowlands with a characteristic temperature

of 24.83c i 31.67c and length of growing 6120 days. The altitude of the study area
varies from 680 690 m.a.s.l. The slope of the land goes down towards the North.

Fig.3 Monthly Temperature (°C)
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Figure 3. Mean minimumand maximum monthly temperature
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Physiography and Geology The Metema Irrigation Research Site has two
physiographic units, ranging from very gently to gently sloping lowlands with a 1.5 to
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the study site were classified according to the World reference base for soil resources
2014
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measured in the suspension of a 1:2.5, while the electrical conductivity was measured in
a 1:5 soil to water ratio. Organic carbon was determined using the Walldely
oxidation method(Walkley & Black, 1934) Total nitrogen was determined by the
micro-Kjeldahl digestion, distillation, and titration methoBrémner 1960) and the
available P was determined using the standard Olsen extraction method €Dé&en
1954). Total exchangeable bases were determinggt #aching the soils with
ammonium acetate (Reeuwijk, 2002). The concentrations oR&, C&*, and Md" in

the leachate were analyzed by Ammonium Acetate leachate Solution. Cation exchange
capacity was determined at a soil pH level of 7 after dispiacé by using the 1N
ammonium acetate methaoskfollenberger & Simoj, The available micronutrient contents

of the soil were extracted by diethylenetriaminepentaacetic acid (DTPA) method (Tan,
1996) and concentrations were determined by Atomic Absorfip@ctrometry (AAS).

Data Elaboration and ManipulationAll the data collected in the field survey and
laboratory results have been entered into a database in Microsoft Excel for storage and
data processing. The soil database consists of location ardksitription, soil horizon
description, and soil physicochemical properties. To characterize properly the final soil
mapping units, the soil databases were checked and all the field observation points
(profile pits and auger holes) were plotted in theitdigmap. All homogeneous
observations within one mapping unit were used to characterize that specific mapping

unit.

Soil Mapping Units and ClassificationThe field observation and laboratory data
interpretation were carried out. The data was analyzegaftous soil properties and the
preliminary field soil mapping unit was reclassified accordingly. Location map of the
different soil observation sites, detailed mapping units, and soil map digitized produced
at the scale of 1:2,000 with an extended fejFom the data collected during the field
survey was prepared. The soil mapping uni

depth, surface soil texture, and dominant soil type.

The soil mapping unit symbol (e.g., 2akl-of.ewlo) is explained as follows: The first
Arabic number represents the slope class (2), the lower case letter (a) represents the soil
depth class, the second Arabic number (11) represents the surface sl ¢téads, and

the two upper case letters (FL) after hyphen represshteference groufollowed by
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lower case letters (of.do) principal and supplementary qualifiers, respectively. These

symbols in combination form the soil mapping unit as per WRB}20

2al1FL-of.eulo wherein,
1 2=slope class (2 % slope, very gently sloping)
a= soil depth class ( >150cm soil depth, very deep)
11= soil surface texture code ( Sandy loam)
FL= soil reference group ( Fluvisols)
of = principal qualifier ( Orthofluvic)

eu= principal qualifier (Eutric)

= =4 4 4 A -

lo= supplementary qualifier (Loamic)

Therefore, this soil mapping unit can be read as Eutric Orthofluvic Fluvisols (Loamic).

The distinguishing criteria for each unit are stated in Table 1.

Table 1. Distinguishing criteria of the mapping unit

Slope % Soil depth (cm) Surface soil texture Dominate Soil Type
(0-30cm)
Range Code Range Code Type Code 2"level classification Description
01 1 >150 a Heavy clay 1 Eutric Orthofluvic
Fluvisols (Loamic) 2altFL-of.eulo
1-2 2 100150 b Clay 2 Pellic Vertisols
(Hypereutric) 3alVR-peje
2-5 3 50-100 c Silty clay 3
5-10 4 30-50 d Sandy clay 4
1015 5 <30 e Silt 5
1530 6 Loam 6
3045 7 Clay loam 7
4560 8 Silty clay loam | 8
>60 9 Silty loam 9
Sandy clay 10
loam

Sandy loam 11

Loamy sand 12

Sand 13
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Accordingly, three soil mapping units were identified in the project area (Table 2). The

soil mapping unit and soil map of the project area are presented at 1:2,000 scale in

Figure 5.
Table 2. Soil mapping units of Metema irrigation research site
Soil Mapping Profile  Sail classification Area
Unit No. 1% level classification 2" level classification ha %
Fluvisols Eutric Orthofluvic Fluvisols 3.34 4495
2altFL-of.eulo Gmp3 (Loamic)
3alVR-peje Gmpl Vertisols Pellic Vertisols (Hypereutric) 2.30 | 30.96
Vertisols Pellic Vertisols (Hypereutric) 1.79  24.09
3a2VR-peje Gmp2

TOTAL 7.43 100

Results and Discussion
PhysiceChemical Characteristics of thdapping Units

Three mapping units such @allFL-of.ewlo, 3al-VR-pe-je, 3a2VR-pe-je were
identified at the research site. The distribution of these soil units at the site is shown in
Figure 5 and the soil units are characterized and mapped using different land and soil
distinguishing parameters (Table 3). The analytical data of the dpeed soil profiles

are given in annex 2. The physical and chemical characteristics of each soil mapping

unit are as follows:
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Figure 5. Soil map of Metema irrigation research site

Table 3.Soil map legend

T
203180

T T T T T
203210 203240 203270 203300 203330

Soil symbol/ Represent|Slope |Soil depth Area
description ative Pits [range |(cm) Soil texture  |Soil Unit ha %
>150 Eutric Orthofluvic
1-2 Sandy loam _ _
2al1FL-of.eulo| Gmp3 Fluvisols (Loamic)| 3.34 |44.95
>150 Pellic Vertisols
_ 2-5 Heavy clay _
3alVR-peje Gmpl (Hypereutric) 2.30 | 30.96
Clay Pellic Vertisols
_ 2-5 >150 _
3a2VR-peje Gmp2 (Hypereutric 1.79 | 24.09
Total 7.43 100

Note: GMP3 is a profile code stands for profile 3, GMP1, profile 1, GMP2, profile
MappingUnit 2al1XFL-Of.EuLo (Eutric Orthofluvic FluvisolgLoamig)

This unit refers to somewhat excessively drained soils that occur on a very gently
sloping (:2%) valley bottom landscape in the northern part of the research site along
the Guang River. It covers 3.34 ha or 44.95 % of the research site. Soils of thisgnapp
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unit are very deep (>150 cm), excessively drained, and black (7.8Y&6r in moist.
The surface texture is sandy loam with a weak mediurrasghlar blocky structure.
These soils have a very friable consistency when moist, sticky, and slightlg plaen

wet.

According to the pH category of (Jones, 2002), the pH value of the surface soil is 7.27
(neutral) and varies in the subsurface horizons from 7.17 to 7.64, which are neutral to
slightly alkaline. The smaller pH values were obtained at thfacisoils with higher

pH values at the depth. Similar results were confirmed and reported (Stbalie
2021). The rise of soil pH with depth could be because of vertical movements of
exchangeable bases and fewer H+ ions released from the decompofSitogaenic
matter (Bekelet al, 2021).

The electrical conductivity ranges between 0.023 and 0.041dS/m. The EC values
indicate norsaline soils. The EC values measured in the Irrigation Research Station
soils showed that the concentrations of soluble salts are below the threshold at which

growthand productivity of most crops are affected due to soil salinity (Jones, 2001).

The cation exchange capacity is high (39.74 to 60.71 cmol(+)/kg soil) throughout the
horizons based on London (1991) as cited by éakl, 2010) CEC values are rated < 5

as very low, 5 15 as low; 15 25 as a medium, 2540 as high and > 40 as very high.

The studied soil has a higher base saturation (82 to 100%), suitable for crops. Base
saturation indicates the percentage of the cation exchange capacity (CEC) af the so
colloids by the cations calcium (Ca2+), magnesium (Mg2+ ), potassium (K+ ), and
sodium (Na+) (Jones, 2002).

According to (Jones, 2002) rating, the organic matter content is very low to medium
(0.08 -3.88 %), while the total nitrogen (TN) content ofetlstudied surface and
subsurface soils for this profile is low to medium (0A0R053%) throughout the
horizons. That could be due to the land use of the area; in a cropland use system, there
are burning of grass cover in the lowland for land preparatfoohtower SOM content

of the topsoil, or all above ground biomass is removed for fodder or grazed by animals

(Sebnieet al, 2021). In addition, fast mineralization of soil organic matter because of
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cultivation that ables disturbs soil aggregates, themstreasing aeration and microbial

acacessibility to organic matteEmiru and Gebrekidan, 2013).

Carbon to nitrogen ratio (QN ratio) is <10:1 except 21:1 at the second horizon. The C:
N ratio of the site indicating optimum microbial activity for the humification and

mineralization of organic residuéSebnieet al,, 2021).

According to the sufficiency range of P (Hornestkal, 2011 and Kasuet al, 2020),

the available phosphorus (Olsen) is medium to high (7.93 to 13.37 ppm) in the upper
two horizons, and it is very low to medium in the lower horizons. High available P
values in the surface horizon compared to the subsurface horizohs beigelated to

the difference in organic matter contents and applicationadraining fertilizer (Ali

et al, 2010).

Available potassium is very low in all horizons (51 to 74 ppm), except it is medium in
the eighth and twelfth horizons (8456 ppn). Exchangeable sodium percentage (ESP)

is medium throughout the horizons but low and high at the second and fifth horizons,
respectively. The diethylenetrimenepentaacetic acid (DTPA) iron is sufficient (4.26
17.98 ppm) in the upper six horizons, amdvaries low to marginal in the lower
horizons. The DTPA copper is high (1.13 to 5.45 ppm) throughout the horizons. Zinc is

low in the upper three horizons and low to high in the lower horizon.
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Ertiban et al.

Table 4. Analytical data of Eutric Orthofluvic Fluvisols (Loamik)apping unit 2al¥FL-of.eulo in Metema irrigation

Horizon

Depth (cm)
% Sand

% Silt

% Clay

Textural class
PH-H,0 (1:2.5)
EC (ds/m)

Gmp3/01

0-23
54
28
18

Sandy
loam

7.27

0.041

Gmp3/02  Gmp3/03 Gmp3/04 Gmp3/05 Gmp3/06 Gmp3/07 Gmp3/08 Gmp3/09 Gmp3/10 Gmp3/11 Gmp3/12

2350

20

44

36

Silty clay

loam
7.17
0.033

50-70
30
42
28

Clay
loam
7.41
0.030

90-103 103120 172-190 190
70-90 120130 130145 145155 155172 205+
40 30 56 72 50 70 64 70 88
36 42 28 16 30 18 20 22 6
24 28 16 12 20 12 16 8 6
Loam Loam Sandy Sandy loam Sandy Sandy Sandy Loamy
loam loam loam loam loam sand
7.43 7.64 7.45 7.33 7.55 7.55 7.55 7.49 7.52
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Av. Cu "ppm 541 2.07 5.45 211 1.67 1.13 2.15 4.13 1.37 3.39 1.57 2.27
Av. Zn ppm 0.77 0.71 0.58 0.23 1.09 0.40 1.32 0.92 0.82 0.43 0.30 0.44
Av. Fe ppm 14.2 17.26 17.98 4.59 4.26 3.44 7.92 8.80 5.98 9.64 6.54 0.72
Ca/Mg 2.45 2.27 2.10 2.83 2.47 2.52 2.72 2.03 1.92 2.99 1.74 2.95
Mg/K 61.85 115.23 119.21 92.75 43.18 92 70.47 36.93 128.43 55.89 100.14 50.09
(Ca+Mg)/K 221.16 384.54 379 365 165.36 332.53 269.47 115.88 383.57 230.94 282.43 204.68
K:CEC Ratio 230 467 382 373 167 334 271 116 394 232 284 208
Bulk Density (g/crr) 1.23 1.23 1.16

FC (% vol) 37.29 49.47  45.49

PWP (%vol) 20.50 27.46 2454
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Figure 6: Profile view of soil mapping unit 2aEL-of.eulo (profile code Gmp3)

MappingUnit 3al-VR-Pe-Je

This unit refers to poorly drained soils that occur on gently sloping lands i(B¥he
southern part of the research site. It covers 2.30 ha or 30.96% of the research site. The soils
of the unit are very deep (>150 cm) and very dark gray (10YR3/1) color in moist. The
surface texture is heavy clay with a strong medium and coarsangular blocky structure.

These soils have a firm consistency when moist, very sticky, and very plastic when wet.
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According to(Jones, 2002hesoil pH value in the first two horizons is 7.3 (neutral), which
increased from 7.43 to 8.97 (slightly alkaline to strongly alkaline) in lower horizons. Soil
pH can significantly influence plant growth by affecting the composition of the soil
solution andhe availability (sufficiency or toxicity) of essential and nonessential elements
(Jones, 2002). The electrical conductivity ranges between 0.036 and 0.162ds/m nonsaline,

indicting salinity effects mostly negligible (Jones, 2002).

The cation exchange cagty is very high (53. 6 to 70.26 cmol (+)/kg soil), and it is highly

base saturated (85 to 98%), which indicates a sound soil fertility status for crop production.
The base saturation (BS), calculated as the sum of exchangeable bases divided by the CEC
and multiplied by 100. The organic matter content is very low (0.80 %) at surface horizons,
and its range is 0.58 to 1.35% in the subsurface horizons is very low. Total nitrogen content
is low in the upper horizons (0.0.060 to 0.107%), and it has low toumeith the lower
horizons (0.0.031 to 0.226%). Available phosphorus is very low (0.11 to 2.04 ppm)
throughout the horizons. Available potassium is medium in the surface horizon (121ppm)

and low to medium in the lower horizons {689 ppm).

According to he sufficiency range of K (Landon, 2013), the balance of potassium to other
cations is very low. Exchangeable sodium percentage (ESP) is medium (2.01 to 3.22%)
throughout the horizons, except it is high (8.51%) and low (1.79%) at the fourth and fifth
horizons, respectively. Soil iron contestsufficient at the surface, and it ranges low to
marginal in the sulsurface horizons. Soil copper content is high (0.63 to 5.09 ppm)
throughout the horizons, while zinc is low (0.50 ppm) in the upper horizons arnd logh

(0.34 t01.08 ppm) in the lower horizons. The carbon to nitrogen ratio is good (<10), except

it is medium (14) in the lowest horizon.
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Table 5.Analytical data of Pellic Vertisols (Hypereutric) /3¥R-pe-je/ in Metema Irrigation
Research Site
Gmp1/02 Gmp1/03 Gmp1/04 Gmpl/0  Gmpl/06

Horizon Gmpl/0¥ 5

Soil depth (cm) 0-15 1530 3055 55120 120150 150-190+
% Sand 16 18 14 22 24 42

% Silt 20 14 18 14 22 20

% Clay 64 68 68 64 54 38

Textural class Heavy clay Heavyclay Heavyclay Heavy clay clay Clay loam

PH-H,0 (1:2.5) 7.3 7.3 7.43 8.35 8.48 8.97
£C (dsim) 0.036 0.0262 0.046 0072 0081  0.162
N % 0.061 0.060 0.107 00206 2085 0031
oc % 0.46 0.56 0.78 0.34 0.77 0.37
oM % 0.80 0.97 Las 058 1.32 0.64
CIN 75 9 ; 15 9 12
Ex. Ca(cmol+/kg) 43.34 37.02 40.45 3467 207> 314
Ex. Mg pmm 12.84 20.87 16.69 1327 B 2536
Ex. Na pmm 1.37 1.63 2.21 456 117 1.19
Ex. K ppm 0.31 0.19 0.18 0.18 0-51 0.17
Sum Bases ppm 57.86 59.71 59.53 5268 | 0x14 5786
Base Satutation. % 92 85 87 08 95 98
CEC (Cmol+/kg) 62.72 70.26 68.65 5356 0023 9909
Av. P (ppm) 2.04 0.45 2.04 0.11 0.17 0.40
ESP 218 530 399 651 1.79 2.01
Av. Cu ppm 5.09 1.93 3.09 0.63 4.39 3.53
Av. Zn ppm 0.50 0.50 1.08 0.34 0.88 0.54
Av. Fe ppm 10.68 411 6.66 5.46 4.02 0.58
Ca/Mg 3.38 1.77 2.42 2.61 0.79 1.23
Mg/K 41.42 109.84 92.72 7372 0610 14918
(Ca+Mg)/K 18665 31426 33072 20267  2-B4 340
K:CEC Ratio 202 370 381 208 128 348
Bulk density (g/cr) 1.13 1.24 1.55

FC (%vol) 58.44 56.82 55.65

PWP (%vol) 39.52 40.35 39.05

* Gmp1 field code for profile 1, CECcation exchange capacity, Flizld capacity, PWPpermanent wilting

point
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Figure 7. Profile view of soil mapping unit 3aYR-pe-je (profile code Gmp1l)

MappingUnit 3a2VR-Pe-Je

This unit refers to weldrained soils that occur on gently sloping lands5%2) in the

eastern part of the research site. It covers 1.79 ha or 24.09% of the research site. The soils
of the unit are very deep (>150cm) and black (10YR2/1, moist). Theceudature is clay

with a strong medium and coarse sangular blocky structure. These soils have a firm

consistency when moist, very sticky, and very plastic when wet.
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The pH values of the first two horizons are neutral (7.33 to 7.36), which are slight to
strongly alkaline (7.43 to 8.24) (Jones, 2002). The pH values in the lowest horizons are
strongly alkaline (8.02 to 8.24); similar results were confirmed and repoyté8ebnieet

al., 2021). The rise of soil pH with depth could be because of vertical movements of
exchangeable bases and fewer H+ ions released from the decomposition of organic matter
(Bekeleet al, 2021).

The electrical conductivity ranges between 0.022 to 0.102 ds/m. According to (Jones, 2002)
the EC results obtained in soils of the study area indicated that the concentration of soluble
salts in soils of the irrigation research site were below the letelghigh most crop

cultivation is not affecte@y salinity.

According to the sufficiency range of CEC (Landon, 2013), the cation exchange capacity is
very high (48.19 to 63.7dmol (+)/kg soil) throughout the horizons, and it is very highly
base saturate¥4 to 98%). The high amount of CEC in the soils of the study area may be
due to the presence of active clay mineralogy (Mohameted, 2018) and indicating that

the soils have adequate basic cation to support plant g(@htkol & Mnalku, 2012).

Theorganic matter content is very low (0.08 to 2.52%) throughout the horizons. Nitrogen is
low in the upper horizons and low to medium (0.034 to 0.175%) in the lower horizons.

The difference in organic mattand nitrogen content along soil depth could Ieéoatted to
variation in landuse systems along the tepequence. Intensive and continuous cultivation
aggravated organic carbon oxidation and resulted in the reduction of total N compared to
fallow land (Ali et al, 2010).

The carbon to nitrogen rati€( N) is medium at the surface and susface horizon (0.7 to

14), generally less than 25%. That showed that decomposition might undertake at the
maximum rate possible under environmental conditions (Mohameheal, 2018). In
general, a C: N ratio of abb10:1 shows a relatively better decomposition rate, serving as

an index of improved nitrogen availability to plants and possibilities to incorporate crop
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residues into the soil without having any adverse effect of nitrogen immobilization (Assen
& Yilma, 2010).

According to Eyasu (2013), available phosphorus is medium (9.07 ppm) at the surface and

very low in subsurface horizons. The available phosphorus is medium at the surface
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Table 6.Analytical data of Pellic Vertisols (Hypeutric) /3a2VR-peje/ in Metema Irrigation
Research Site

Gmp2/ Gmp2/02 Gmp2/03 Gmp2/04 Gmp2/05 Gmp2/06 Gmp7

Horizon 01*

150-200
Depth (cm) 0-20 2060 | 6095 95-130 130150 390400
% Sand 24 24 22 28 50 62 56
% Silt 24 24 26 32 26 26 30
% Clay 52 52 52 40 24 12 14
Textural class Clay @ Clay Clay Clay Sandy clay loam Sandy loam Sandy loam
pH-H,0 (1:2.5) 7.33 7.36 7.47 7.64 7.91 8.24 8.02
EC (ds/m) 0.068 0.028 0.016 0.022 0.052 0.102 0.042
TN% 0.102 0.083 0.175 0.043 0.034 0.063
OC % 1.46 0.83 0.37 0.05 0.18 0.05
OM % 2.52 1.43 0.64 0.09 0.31 0.08
CIN 14 10 2 1.16 5.2 0.7
Ex. Ca (Cmol+/kg) 33.28 38.84 40.55 37.99 34.78 32.31 26.54
Ex. Mg 11.45 17.23 14.12 20.54 15.41 13.16 20.22
Ex. Na" 0.85 3.43 1.3 1.28 1.3 1.65 2
Ex. K" 0.54 0.27 0.31 0.17 0.14 0.09 0.14
Sum Bases " 46.12 59.77 56.28 59.98 51.63 47.21 48.9
Base Satutation. % 74 98 89 95 96 98 99
CEC (Cmol+/kg) 62 60.75 63.34 63.32 53.91 48.19 49.2
Av. P (mg/kg) 9.07 1.70 0.11 2.38 2.72 0.96
ESP (%) 1.37 5.65 2.05 2.02 2.41 3.42 4.06
Av. Cu (mg/kg) 4.43 5.09 7.23 4.23 1.99 1.19
Av. Zn (mg/kg) 0.40 1.27 1.19 0.73 0.14 0.04
Av. (Fe mg/kg) 12.78 9.90 10.90 3.58 0.76 1.86
Ca/Mg 2.91 2.25 2.87 1.85 2.26 2.46 1.31
Mg/K 21.20 63.81 45.55 120.82 110.07 146.22 144.43
(Ca+Mg)/K 85.41 @ 221.37 181.55 352.82 368.79 524.56 349.29
K:CEC Ration 115 225 204 372 385 535 351
Bulk Density (g/cr) 1.01 1.20 1.41
FC (%vol) 52.73 53.69 54.45
PWP (%vol) 33.52 34.49 35.60

*Gmp2 field code for profile 2, CE@ationexchange capacity, FE€eld capacity, PWPpermanent wilting

point
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Figure 8. Profile view of soil mapping unit 3a2R-pe-je (profile code Gmp2)

Major Soil Units Their PotentialsandLimitations
Fluvisols

Fluvisols accommodate genetically young soils in alluvial soils (FAO, 2006). They
developed in alluvial deposits along Guang River and on the valley bottom part of the
research site. Only Eutric Orthofluvic Fluvisols (Loamic) were found in the northerofpar

the research site at valley bottoms and mapped asRlableulo. This soil is neutral,

deep, excessively drained and its organic matter and total nitrogen contents are very low
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and medium, respectively. Fluvisols have a high range of availablephpubros, base
saturation, iron, and zinc at the surface. According to the rating of Landon (2013), the
available potassium is low, but the cation exchange capacity is very high. The phosphorus
level is high at the surface and low at subsurface horizons.higitlevel phosphorus at
surface soil indicates the residual effect of applied fertilizer in recent cropping seasons.
This soil has a medium to coarse texture, leading to poor available water holding capacity.
Since Fluvisols are under cultivation, Apipg phosphorus, potassium, nitrogen fertilizers,

and organic fertilizers such as manure will improve soil fertility and increase crop yield.
Appropriate irrigation scheduling will be necessary when this soil is cultivated during dry

months. Their area gerage is 3.34 ha or 44.95% of the research site.

Vertisols

Vertisols are heavy clay soils with a high proportion of swelling clays that form deep, wide
cracks from the surface downward when they dry out. Cracks result from the swelling and
shrinking of &panding clays in dry seasons. The formation of slickensides and wedged
shaped structural elements in the subsurface horizons is the effect of swelling and shrinking
of expanding clays (FAO, 2006).

Vertisols found in the research site are very deep, paodined, and have more than 30%

clay texture, with coarse, angular, blocky structure elements. They have slickensides and
wedgeshaped structural elements in the subsurface horizons. In the research site, these
soils are mapped as 3¥R-peje and 3aivVR-peje and cover 4.09 ha, representing

55.05% of the total project area.

These soils are neutral, very deep, poorly drained, and slightly eodedntly, these

soils are under cultivation of cereal and oil crops. They have very low organic matter and
total nitrogen content in the surface horizons. Available phosphorus and potassium are very
low to medium in the surface horizons. Their cation exchange capacity, base saturation, and
iron contents are very high, while copper and zinc contents vary framoldiigh. This

finding is in line with various works that stated that Zn contents are variable and Fe and Mn
contents are usually at an adequate level in Ethiopian soils (Fisseha 92 as cited by (Chekol

& Mnalku, 2012). The physical properties and soil stiie regime of Vertisols represent
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severe management constraints. The heavy soil texture and domination of expanding clay
minerals result in a narrow soil moisture range between moisture stress