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Abstract

The need for the application of high amount of lime per hectare due to high soil acidity hindered wider
dissemination of liming by the smallholder farmers in Ethiopiag@meral and in Amhara region
inparticular due to high transportation cost. Therefore, a field experiment was conducted to evaluate the
effect of row application of different doses of lime at planting on bread wheat yield in the acidic soils of
Gozamin andBanja districtswest AmharaThe experiment was comprised of nine treatments including
(5, 10, 12.5, 20, 25, 100, 150% of the full dose of lime calculated based 1.5x exchangeable acidity, 2 tons
of lime and control (without lime). The treartments wereaaged in a randomized complete block
design with three replications. THe25% of the full dose of lime were appliéd rows by drilling at
planting While 100, 150% and 2 tons of lime per hectare were applied by broadcasting at plahéng. T
recommende®AP andhalf of urea were appliedtaplantingto all treaments uniformilywhile half of

the recommended urea was applied at tilleriath.soil and agronomic data were collected following the
standard procedures. All collected data were subjected to Glihdy BAS software and significant mean
differences were computed by least significant difference at 5% level of signifiddrecetatistical
analysis showed that application of 25% and 20% of the full dose of lime with recommended fertilizer
gave 1087.9 ah 972.2 kg ha grain yield difference compared to the recommended fertilizer alone
respectively at Gozamen. Similarly, the yield difference between the application of 25% and 20% of the
full dose of lime with recommended fertilizer compared to the recaodeddertilizer alone was 1317.6

and 827.4 kg hé respectively at BanjaThe soil pH was increased from 4.48 to 5.3@ue to the
application of 25% of the full dose of limadfrom 4.48 t05.22due to the application of 20% of the full

dose of lime. Thexchangeable acidityvas alsodecreased from 1.59 to 0.@e to the application of

25% of the full dose of limendfrom 1.59 td0.65due to theapplication 0f20% of thefull dose of lime at

both locations Application of 25% otthe full doseof lime will benefit thesmallholderfarmers by
reducing the cost of lime anids transportation. Hence, 25% ofthe full dose of lime with the
recommended fertilizers is recommended for Banja, Gozamen and similar agroecologies to reclaim

acidic soils
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Introduction

The success in soil management to maintain soil quality depends on an understanding of how
soils respond to agricultural practices over tirmmwever, land degradation is one of the
challenges fadg Ethiopian agriculture. Among the land degradations soil erosion and soil
fertility depletion are current problentsnderingcrop production in Ethiopia. One dhe soil
chemical degradation challenging the Ethiopian highland soils is soil acidity whithbe
caused by leaching and plant uptake of basic cations (Ca and Mg), production of organic acids
from organic matter decomposition, and application of acidifying N fertilizers
(Ammonium/ammonia N sources including products like urea) (Bierman and20@8). Acid

soils are rampant and occupy about 40.9 percent of the country (Mesfine A.S200e, H.,

1989). They extend from southest to northwest with eastvest distribution (Mesfine A.,
2007). They are concentrated mainly in the western péatieotountry including the lowlands

but are limited by the eastern escarpments of the Rift Valley (Mesfine A., 2007). Out of the 40.9
percent total coverage, 27.7 percent are moderate to weakly acidic (pH & B5).513.2 percent

are strong to moderatehcidic (pH< 5.5) and nearly oi#tkird have aluminum toxicity problem
(Schlede, H., 1989). From the soil analysis result by Bahir Dar, Debremarkos and Gonder soil
laboratories indicate thaworthwest Ethiopia especially the highlands of Gojam and Goader
dominated by soil acidity problems (unpublished data).Soil acidity affects productivity of the soil
through its effect on nutrient availability and toxicity by some elements like aluminum and
manganese; most plant nutrients become more limited inysuapd a few micronutrients
become more soluble and toxic. These problems are particularly acute in humid tropical regions
that have been highly weathered (Harter, 2002).As soils become more acid, particularly when pH
drops below 4.5, it becomes increa$ynglifficult to produce food crops. Aluminum and
manganese become more soluble (i.e. more of the solid form of these elements will dissolve in
water when the soil is acid) and toxic to plants, most plant nutrients become more limited in
supply, and a few mronutrients become more soluble and toxic. The ideal soil pH for most
crops is slightly acidic to neutral (pH in watef7% Favorable soil pH in water for wheat
production is 5.57 below this pH ranges especially below-%5 wheat production is seety
affected due to toxicity of aluminum and unavailability of macronutri@émton and Helyar,

2007). The critical aluminum level extracted by CaCl2 solution for wheat production-8.8.4

ppm in which aluminum toxicity will affect wheat productione(ffon and Helyar, 2007). High
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levels of soil acidity (low soil pH) can cause reduction of root growth, nutrient availability, affect
crop protecting activity Qouglas 2001), reduction and total failure of crop yields and
deterioration of soil physical pperties. In general it affects the biological, chemical and
physical properties of soil, which in turn affect the sustainability of crop production in both
managed and natural ecosystem.

Reclamation and maintenance of soil acidity is very important sallagement practices for

crop production. Lime is the major means of ameliorating soil acidity (Anetor and Ezekiel,
2007); because it has very strong acid neutralizing capacity and can effectively remove existing
acid. Liming increases the uptake of nutrggrstimulate biological activity and reduce toxicity of
heavy metals. Liming raises the soil pH and causes the aluminum and manganese to go from the
soil solution back into solid (netoxic) chemical forms. Regular applications of lime are
required on mangoils to maintain soil pH in the desired range, because soil acidification is an
ongoing process (Bierman and Carl, 2005). Limestone is the most commonly used material to
increase soil pH. However, for most efficient crop production on acid soils, applicd both

lime and fertilizer are required. Since lime make minerals more available to plants, liming
without fertilizers application results in soil fertility decline that might lead to serious problem of
production. Therefore, applying fertilizer t@reect nutrient constraints caused by acidity is
necessary. Lime and fertilizer management practices are primary intpdoanproper
management of acid soiliResearch attempts are madeliffierent parts of the countiffAgumas

et al, 2016a; 2016b; Ageghu et al 2017Abay A. 2011 Chimeda et al. 2012)to look for

viable solutions for acidic soil for small holdéarmers According to Agumas et al. (2016a), the
amount of lime applied to reclaim acidic soil was 1.5x exchangeable acidity of thatcspettifi
According to Mosisa (2018).-56.5 t h& lime rates are recommended depending on the extent
of soil acidity. However, smallholder farmesse complaining the current lime rdtecause of

very highcost and beyond their purchasing capadiye tothis challenge, lime applicatiahid

not expand as expectetid only 6% of the agricultural lands are receiving lime and only 7% of
targeted farmers are applying lime nationwide (Gurmessa, 2020). Therefore, this experiment was
designedo evaluatecost efective and affordabléme applicationtechniques to improverop

production andeclaim acidicsoil in Amhara region in particular and in Ethiopia in general
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Material and methods
Description of the Study Area

The experiment was conducted dib U P HaldvVelf Hnerata Kebele of Gozamdrstrict and
Akayita Kebele of Banjalistrict from 20122013 cropping season on permanent plots for two
consecutive yearssozamendistrict is located in East Gojam administrative Zone of Amhara
National Regional State. Erata Kebele is traversed by a gravel road that passes from
Debremarkos town to Sinatfistricti.e about 7 km from Debremarkos town. Geographically, the
kebele is located at 37 1 17 (DVW OR J24IW X AR UDVQIG Akdyivsl kaeteGH
located on Banjadistrict of Awi administrative zone. The Kebele is around three kilometer from

Injibara town to the way to Addis Abeba city. Theaarare situated within the Abagsine.
Experimental procedure and treatment set up

JURP IDUPHUYV T sité sbDsampfeR @& Rllected from 0+15 cm depth and analyzed
for exchangeable acidity and pH prior to planting. For the seaaddhirdtimes soil samples
were collected during harvesig. The amount of lime that was applied at each level was
calcuated on the basis of the mass of soil per 15 cm hefiten@n-slice, soil sample density
and exchangeable Rland H* of each site. Assuming that one mole of exchangeable acidity
would be neutralized by equivalent mole of CaClhe amount of limeequred per hectare

(full dose)was calculated based on the following formula.

cmolEA kg of soil* 0.15m* 10* m? * B.D. (Mg/m®) * 1000 15

LR, CaCQ, (kg/ ha) 2000 Eal

The full dose of lime was applied at once in the first ygabroadcashg during plantingThe
recommended N and Pewe applied uniformly to all treatents.For the lboadcast applicatign

lime was broadcasted uniformly by hand and incorporated into the soil during plahilegor
therow application lime was appliegt planting in rovg in each year. Urea and DAP was used as
the source of N and P, respively. Application of urea waappliedin two splits, while the

entire rate of phosphorus was applied at planting. Improved wheat varfety) (Was useds a

test crop During the second year those plots which received full dddame did not get line

while those plots which received lime on row application also received lime again for the second

year according to the treatment set up. For the second year land preparation was done using man
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power to restrict miMp of differentplots. The experiment as laicbut in RCBD with three
replications. Weeding and frequent follow up was conducted as per visual observations and there
was no crop rotation thatas wheat after wheat for the second year. Gross and net plot size were
1.6mX3m = 4.8rhand 1.2mX3m= 3187 respectively.

treatments:

1. 25%of full dose oflime calculated based on equatibapplied in row

2. 20%of full dose oflime cdculated based on equatidrapplied in row

3. 12.5% offull dose oflime cdculated based on equatidnapplied in row

4. 10%of full dose oflime cdculated based on equatidnapplied in row

5. 5% offull dose oflime cdculated based on equatidrapplied in row

6. 100% ofull dose oflime cdculated based on equatidapplied inbroadcashg
7. 150% offull dose oflime cdculated based on equatidapplied in broadasing
8. 2 tors of limeper hectarérecommended by regional soil laboratory)

9. Control no lime with recommended urea and DAP.

Table 1 Initial soil physicechemical properties and lime calculated for eaih s

Woreda pH BD Ex.Al Ex.H Ex. OM Texture Lime Lime

acidity kg ha' Kg ha' (1.5%)
Gozamen 5.28 1.67 0.90 1.09 2.0 3.36 Heavy clay2508.7 3763
Banja 447 115 2.29 1.28 3.22 5.21 Siltclay 2783.6 4175.3

BD; bulk density, Ex.Al; exchangele aluminium, Ex.H; exchangeable hydrogen, Ex.acigitghangeable acidity
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Results and discussion
Responseof bread wheat yieldto different lime amount and application methods

The statistical analysis at Gozamen indidatBat there wassignificant variation among
treatmentsri grain yieldat p<0.05 The naximumgrainyield (3125 kg h&) wasobtainedfrom

2 tlime ha' combined over years (Table 2) and it was at par with the yield obtained from 25%
(2847 kg hd), 150% (2800 kg hY, 20% (281 kg hd'), and 100% (2581 kg Hx of the full

dose of lime However there was no significant differeneenongdifferent doses of lime except
with 5%, 10% of the full dose of lime and the control (Table Td)ere was 61.9% vyield
advantage of applying526 of full dose of lime with the recommended fertilizer rate over the

recommended fertilizer rate alone at Gozamin.

Similarly, combined over yearthe statistical analysis at Banghowedsignificant differencen
grain yield amongthe treatments(Table 3). The maximum grain yield (3455 kg ha’) was

obtained fromthe appication of 25% of the full dose ofnhe.
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Table 2.Influence of lime amount and application methods on yield of bread wheat at Gozamen) (kg ha

Lime amount and application method 2012 2013 Combined

25% of the full doseof lime calculated based on equatibapplied in row 3611.1ab 2083.3a 2847.2ab
20% of the full doseof lime calculated based on equatibapplied in row 3472.2ab  1990.7a 2731.5abc

12.5% of the full doseof lime calculated based on equatibmpplied in row 3148.2ab  1805.6ab 2476.9bc
10% ofthe full doseof lime calculated based on equatibapplied in ow 3009.3b 1435.2b  2222.2bcd
5% of the full doseof limecalculated based on equatibrapplied in row 2847.2b 1435.2b 2141.2dc
100%o0f the full doseof limecalculated based on eqjigat-1 applied by broachsing 3402.8ab  1759.3ab 2581.0abc
150%of the full dosef limecalculated based on equatibmapplied by broacasing 3842.6ab 1759.3ab 2800.9ab
2 ton oflime per hectare recommended by regional soil laboratory 4305.6a 1944.4a 3125.0a
Control (no lime With recommended urea and DAaRné 2685.2b 833.3c 1759.3d
CV (%) 21.81 13.30 21.32
LSD (0.05) 1271.9 385 630.59
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Table 3.Influence of lime amount and application methods on yield of bread wheat at Banja woreda (kgha

Lime amount and application method 2012 2013 combined

25% ofthe full dose of limecalculated based on equatibrapplied in row 4418.5a 2490.7a 3454.6a
20% ofthe full dose of limecalculated based on equatibrapplied in row 4112.0ab 1816.7ab 2964.4ab

12.5% of the full dose of limealculated bsed on equaticd applied in row 3718.5ab 1737.5ab 2728.0abc

10% of the full dose of limealculated based on equatibrapplied in row 3452.8ab 1342.6b 2397.7bc
5% ofthe full dose of limecalculated based on equatibrapplied in row 3249.@b 1241.7b 2245.4bc
100% oflime calculated based on equatibappliedby broadcashg 4525.9a 1973.1a 3249.5a
150% of lime calculated based on equatibappliedoy broadasing 4574.1a 1964.8a 3269.4a
2 tonof lime per hectareecommendedly regional soil laboratory 4376.8ab 2292.6a 3334.7a
Control (nolimeWith recommended urea and DARNg 3060.2b  1213.9b 2137.0c
CV (%) 19.45 2552  21.85
LSD (0.05) 1327.3 789 734.53
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Influence of lime dose am application methods on soil pH and exchangeable acidity at

Banja and Gozamen districts, Ethiopia

The soil analysis result showed that the two locations are different in exchangeable acidity,
organic mattercontentand texture (Table 1yhich were resulig different doses oflime.
According to Hazelton and Murph (2007), suitaple for wheat production is 5.5 to 7; below
which wheat production is severely affected by aluminum toxicity and unavailability of
macronutrients (Fenton and Helyar, 2007). Fromsibie data the pH of the testing sites were
below 5.5 which means wheat production has been greatly affected by soil &iiditgrly, the

critical aluminum level extracted by CaGblutionfor wheat is 0.4 to 0.8 ppm, above this range
aluminum toxiciy will affect wheat production (Fenton and Helyar, 2007). The soil analysis
result showed that aluminum content of the soil was greater than the critical level at Gozamen
(2.0 ppm) and Banja (3.22 ppifT)able 7.

In the first year anincreased pHwas reorded by applying different lime amount in row
application at Gozame(Table 4) The maximum pH increment anchinimum exchangeable
acidity wererecordedfrom 1.5x exchangeable acidity in broadcast application in the same
location. Exchangeable acidity wadecreased from 1.41 to 0.78 and similarly exchangeable
aluminum was reduced from 0.94 to 0.47 in the first year by applying 25% of the amount of lime
in row at the same research site. In the secondtheapH increased from 4.48 to 5.3Rile the
amountof exchangeable acidity decreased from 1.59 to 0.04 by ap@tpf the amount of

lime calculated based on the above equation in row at Gozavteeimum increment of pH and
minimum exchangeable acidityene recorded byapplying maximumdoseof lime. However,

there was no significant difference in wheat grain yield between full dose, 1.5x full dose, 2 tone

kg ha' limes, 25% and 20% of the full dose of lime.
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Table 4.Effect of limeamount andpplicationmethodson pH and Exchangeable acidity of satilGozamenlistricts

Lime amount and application method After a year of limeAfter two years of lime applicatic
application (2014)
(2013)
pH Ex. Ex. AIEX.HpH Ex. Ex. EX.H
acidity Acidity Al

25% of full dose of limecalculated based on eafion1 applied in row 487 0.78 0.47 0.31 532 0.04 0 0.04
20% of full dose of limecalculated based on equatibrapplied inrow  4.97 1.2 0.67 0.53 5.22 0.96 0.13 0.84
12.5% of full dose of limecalculated based on equatibrapplied inrow 4.97 1.25 0.79 0.46 5.33 0.03 0 0.03

10 offull dose of limecalculated based on equatibrapplied in row 5,05 1.37 0.83 054 536 0.28 0.14 0.14
5% of full dose of limecalculated based on equatibrapplied in row 503 127 0.75 0.52 5.36 0.84 0.26 0.58
100%of full dose of limecalculated based on equatibappliedby

broadcashg 508 0.38 0.32 0.06 5.35 0.04 0 0.04
150% of full dose of limecalculated based on equatibrappliedby

broadcashg 531 0.23 0.09 0.14 5.47 0.09 0 0.09
2 tonper hectareecommendedy regional soil laboratory 513 0.98 0.49 0.49 537 0.31 0 0.31
Control no (lime with recommended urea and DAP) 435 141 0.94 047 448 159 1.07 0.52
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Table 5. Effect of limeamount andpplication methodson pH and Exchangeable acidity of soil at BanjaWoredas

Lime amount and application method After a year of lime application After two years of Iim
(2013) application
(2014)
pH EX. Ex. AIEX.H pH Ex. Ex. AIEX. H
Acidity Acidity

25% of full dose of limecalculated based on equation 1 applied in row 4.90 232 124 084 577 100 0.89 0.11
20% of full dose of limecalculated based on equation 1 applied inrow  4.85 248 2.08 040 5.82 218 164 054
12.5% of full dose of lime calculated based on equation 1 applied in row 4.73 284 209 076 568 234 200 0.35
10% of full dose of limecalculated based on equation 1 applied in row 471 3.16 231 085 585 242 190 0.52

5% of full dose of limecalculated based on eation 1 applied in row 4.74 284 220 074 553 234 177 057
100%of full dose of limecalculated based on equatibappliedby

broadcashg 4.86 178 133 0.70 5.72 126 0.86 0.40
150% of full dose of limecalculated based on equatibrappliedoy

broadcashg 5.01 1.37 052 038 576 221 1.63 0.58
2 ton per hectarecommendedy regional soil laboratory 4.89 1.73 1.10 064 583 201 1.34 0.68
Control no (lime with recommended urea and DAP) 4.68 3.22 229 128 553 253 192 0.61
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At Banja, even though soil pH was below 5.5 after lime application in the first year it increased
from 4.68 to 4.90 and 4.85 and exchangeable acidity was reduced from 3.22 to 2.32 and 2.48
when 25%and 20% of full dose of limeapplied in ows respectivelyExchangeable aluminum
concentration was reduced from 2.29 to 1.24 and 2.08 in the first year and freto 0.82 and

1.64 in the second year by applyig§% and20% of the full dose oflime. However,highersoil

pH wasrecorded and ineasedrom 5.53 to 5.77 to 5.82 at Banja in the second yHas might

be due tssampling seasowariation in whichthe first year was during planting and in the second
year at harvest which results great variation in the pH at both sites. Soil santipleted during

rainy season has lower pH compared to those esmgwllected during dry seasoned&use
during rainy seasqithere is leaching of cations and leadseduced pHFrom the result of both

sites it was noticed that, there was no significaeldyvariation between full dose of lime and
20-25% of the full dose of lime while exchangeable acidity and aluminum were significantly
reduced. Hencenstead of applying full dose of lime at once, &gilon of 1/4 of the full dose

of lime calculated bsed on 1.5)xchangeable aciditjmight be enough to increase wheat yield

by reducing root zone acidityrhis might be due to the neutralizing effect of lime in the root
zone even though further investigation might be necessary in the futugeneral application

of lime using micro dozing technique increased soil pH and reduces exchangeable aluminum and
hydrogen which lead® increased wheat grain yie(@able 25). Theamount of lime required in
Banja washighercompared to Gozamethue to vamtion insoil buffering capacity of the two
sites (Table 1 Generally the buffering capacityf soil which is governed by texture, cation
exchange capacity and organic matter determines the amount of lime refhetsktural class

of soils atBanjawas siltclay and had very higlaluminum concentratioand theorganic matter
contentwas higherthanat Gozamerwhich might alsattributed tomore lime requirement his

result was confirmed by Demil et al., 2020 who reported that applying only 25% of the full
reommended rate of lime provided an advantafjienean grain yieldof 4525 kg h&' and

marginal rate of returaf 252%compared to without lime.
Conclusion and recommendation

From the agronomic and soil data analysis resilis possible taconcludethatthe contribution
of lime application in micro dozingrn( row) for acid soil rehabilitation walseneficial and an
innovative approachThe result also confirmed that lime has gie#itence on grain yield as
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well as improving soil propertie®ow applicaton of 25% of the full dose of lime at planting
alsoreducs the complairts of farmers bysaving3/4"™ of costto be incurred by the smallholder
famrers per hectareper year However, line applicationis not well practicedyet by the
smallholder farmers ithe region as well as in the country to curbe the effect of expanding soil
acidification due to its bulkiness and difficulty for transportatiblfence, for bread wheat
productionapplication 25%of the full dose of limecalculated based oh.5x exchangealel
acidity in rows at planting is recommended for Gozamen and Banja districts and similar
agroecologiesThis finding should be further refined for different soil typespstypesand

agraecologies in the futurmtegrated with other soil acidity amelaron technologies
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