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Abstract

Maize is the main food crop in the hilly areas adpdl. A Comparative Performance Analysis (CPA) wtwas
undertaken to identify maize yield constraints gudntify their impacts on yield in Makuwanpur Distr(Central
(Nepal). For 68 fields, yield ranged from 200 t®@%g/ha with a mean of 2020kg/ha, and a standavéation of
1120kg/ha. Data on land and management aspectsoobeeted during a field survey. Data acquisitioethods
included direct measurement/observation of bioptaysaspects (recorded on relevee sheet), intervigfwand
users, visit to a nearby research station and sixtenoffices. The dataset included land and managem
parameters. The production model identified a terumit (Upland plateau & Highland hills versus athers), a
management parameter (Quantity of applied urea)l@aging as the three major yield constraints trgtlained
65% of the encountered yield variability. The impaiceach identified constraint on yield (yield-ga§pl1928 kg/ha)
was 61%, 23 % and 16 %, respectively. Results isf @PA study were in line with the farmers™ peraaptof
constraints faced to explain differences betwednahand expected yields. CPA was further expldeedind
significant interactions of urea applied with otlteend and management aspects to improve the predijgbwer of
the earlier model. Use of specific constraint-mamagnt functional relationships enhances the stan@®A
method and provides opportunities to identify bystoaint specific management requirements. Thisyatketould
have a wide range of application in the contexdivérse agroecosystems and NRM constraints.

Key Words : Land Use Systems, CPA, SLM, Quantified production function model, stepwise regression.

1 Introduction

1.1 General

Nepal is a mountainous country with more than thiods of the land area (about 85%) classified asmtains and
hills. Agriculture is the major economic activity the people. Rapid population growth has led toréasing
pressure on the limited land resources, forcingude of marginal land for agricultural purposesemsive use of
marginal and slopping lands for grain productiomiiis has resulted in declining soil fertility, iferosion and in an
overall environmental deterioration (Regmi 1993).

Agriculture in the hilly areas is traditionally s on crop/livestock mixed farming. Steep slopestarraced and
crops are grown under rainfed conditions. Undeicafiural intensification and expansion into maajifands,

sustaining the soil fertility is a major challenigethe Nepalese hills. The soil system in the sllogreas is highly
fragile and vulnerable to soil erosion and lanasi@Brown 1999).

Maize-based cropping systems are dominant in e drieas. Maize is grown as a single crop, intgsped with
legumes (beans or soybeans) or relay-cropped witerf millet. In the hills, maize stands first iropped area
(Rajbhandari et al.1997).

1.2 Problem Statement

Maize production is constrained by different biopicgl, management and socio-economic factors. fmaN¢here
is a lack of information on actual production coastts, on yield-gaps, and on how farmers percedrestraints and
avoid risks. This study is done through Comparafegformance Analysis (CPA; de Bie 2000) and aitrfdlliag

the gap for maize-based cropping systems in tie dniéas of Nepal. The farmers’ situation is ddfgrand unique
by plot. Yield —gap studies based on ComparativdoRaance Analysis of actual production situati@mis at
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identifying and quantifying the land and land useexts that are responsible for differences in yctidn levels.
Such studies are the basis for well- informed affiical land use planning scenarios, setting pi@wifor research
and extension and for improving the land use sydtemards sustainable use. Analysing the impact afiagement
options to reduce the impact of specific constgirite., to base CPA on specific constraint-managgm
relationships, can improve the predicting powethef model and improve the existing CPA approaclkchSustudy
approach will enhance the methods of CPA for yiglab analysis, quantified land evaluation (QLE) austainable
land management (SLM).

1.3  Research Objectives

The general objective of the study is to identifiyough CPA all important yield constraints, to qtifgntheir
impacts on maize yields and to identify specifiogtoaint -management relationships. That is :

1. To identify yield constraints and quantify the tala importance of each yield constraint to theraite
yield gap.

The hypothesis to test is:
“Maize yield is a function of Land and Managemeatdmeters”
Yield = f (Land, Management)

2. To identify specific constraint -management relatiups.

3. To quantify an improved production function thatnswmers the specific management-constraint
relationships.

2 Concepts

21 Land Use Systems (LUS)

A Land use system is defined as “A specific lane upractised during a known period of time on avkm unit of
land that is considered homogenous in land resetuifde Bie 2000). It is composed of two main eletaehand
and land use. Land use purpose (s) and the opeisiguence characterize land use. The contextrwithich land
use systems occur, defines the state of curredt lae system. Relevant aspects of land use atldhdepel are
basically biophysical in nature.

Activities (operations) at plot level aim at modifg one or more aspects of land. Operations cgorélanned or
can be a remedial in nature depending on occudimamic land processes. An Operation Sequencefirsedeas
“A series of operations on land, carried out by huos) in order to realize one or more set land uspgses.” (de
Bie 2000). Adequate information on the operatiogusamce is a precondition for adequate analysis hen t
performance of the land use system, e.g. on pridiycand sustainability. The biophysical aspectdand use
systems relate to the biophysical performance addde land characteristics that condition the pobity of land
use. If information on the biophysical possibikitiand constraints is known, it is likely to infleenthe land holder’s
decisions. The general system diagram of a landystem (figure 1) illustrates the complex inteiacof land and
management in a land use system. In this studyegbaspects were not covered. Land characteriagtidsollowed
management practices in a specific area differ ffihal to field and from season to season. Yieldstmints at
field levels include biotic and abiotic factorsoBc factors are weeds, pests and diseases. Alfaatiors are many,
including terrain, soil characteristics, slope, amahagement aspect. Decisions on land use purpasesperations
are made at the farm (holding) level and are camditd by the goals and aspirations of the farmisrdsources,
biophysical options, and the socio-economic-pditienvironment. Interactions between the varioud laise
systems on a farm complicate the decision makioggss. Land use reflects the outcome of this detisiaking
process. In this study, only the land use systesaiip part to maize production is studied.
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Figure 1. Land Use System (LUS): Outline of elements and context (de Bie, 2000 ).
2.2.Yiedd-gaps

Technologies developed at research stations dithke sufficient account of technical and socio-ecpit
constraints that confront small farmers (Fresco4)l98&armers are inclined to accept lower yielddoater risk
levels. This results in a considerable “yield-gapétween actual yield and yields possible with imp
technologies. De Datta (1981) defined “yield-gag”the difference between yields on research swtionl the
actual yield on farms. Factors that are responddigield-gaps are called yield constraints. Thaceptual model
of the yield gap includes four main gaps, i.e. kst calculated potential yield and maximum yietshfrresearch
station, technical ceiling yield, economic ceiliggeld, and actual farmers™ yield. Both biophysieadd socio-

economic factors are thus taken into account (Brd€84). Types of yield -gaps and their dominantsea are
presented in fig.2.
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Figure 1. Partial yield-gaps and their dominant constraints (de Bie, 2000).

2.1 Comparative Performance Analysis (CPA) : Principles& Applications

Comparative Performance Analysis (CPA) considetsgh@n-farm situations assuming that land useevraip at

several technological levels. Successful CPA studieist focus on a particular land use class andatid use

systems surveyed must reflect the entire prevailarmgge of environmental conditions and all typed bavels of

technologies practised (environmental conditiors mranagement aspects as they occur in the study. diee key

feature of CPA is to relate differences in land &l use at a number of sites to differences stesy performance
(de Bie 2000). CPA can be characterized by twodddescriptive functions, i.e. for quantifying yigloroduction):

Production =f (land, land use)
For quantifying environmental impacts by the lasé gystem:
Impact =f (land, land use)

Empirical production functions obtained through C&a not be extrapolated beyond actually surveyedyztion
situations.

2.1.1 TheCPA Study Method

CPA study methods include the following components:

Pre-field work
There is a need to define data requirement. Ohdyaat aspects of land use must be collected.

In this phase, images and topomaps are used tt¢ifidéme study area. Images are processed andifatasso
generate a priori-land cover/use classes. A Sagmictheme is developed by stratifying sample poortsa
classified land cover/use map.



Field work

Data are collected through direct measurement/ghsen by the surveyor and through interviewing ldued user.
Interviews can be based on questionnaires or cisézkDuring the first days of a survey, the sangdkeme and
image map must be reviewed and the prepared relgveet and questionnaire/checklists tested foalsilitty,
feasibility, and comprehensiveness.

The accessibility of pre-selected sample sites nbestaken into account. Surveyors must also caébtiaeir
methodologies (standardize measurement techniguksteservations/interview methods).

Post-field work

Post-fieldwork includes data management and datdysis. Coding and structuring of collected datatdbles
(spreadsheets) and /or databases is required betBoteng analysis. Categorical parameters aremiabized” and
changed into ratio variables containing only “1™0t (true or false) values as required for regi@s®nalysis. Data
are screened through descriptive statistics andddsr correlation among variables.

Regression models are used to identify yield cairds, to quantify their impacts on yield and tedict yield.
Descriptive models such as regression equationfit aoequantify system response to environmerdatdrs.

.Step-wise forward linear multiple regression iplaga to derive the model. Yield is considered asirection of
land and management parameters (Moore and McCa8g199

3. Materialsand M ethods
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3.1. The Study Area

Makuwanpur district (figure 4) is located betweetl 81°-84 35'E longitude and 2721°-27 40" N latitude. The
district is surrounded by Sindhuli & Kavrepalanchokhe east, Chitwan in the west.
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Figure 3. The Study Area

Table 1. Land & management parameters

Land parameters M anagement parameters

Slope (%), Top soil PH Land preparation, Planting

=

Top soil texture, Terrain Weed control, Manure & Fertilizer applicatio
Pest & disease control, Harvesting

Yield data (Kg/ha) , and

Erosion hazard, Water logging

Soil workability, Aspect and

* & & o o
* & & o o

Soil & water conservation infrastructure Farmers™ perception of constraints

4. Results and Discussion

4.1. Descriptive Statistics
Yidd

Yield data recorded in different local measuremenits were converted into Kg/ha. Yield was the deleat
(response) variable. To fulfil the assumptions ejression analysis that dependent variables sHmuldormal (
Moore and McCabel1998), the distribution of yieldadwas checked. Yield data ranged from 200 to 48§ba
with a mean of 2020kg/ha and standard deviatiahil@0 for 68 fields.

Land Parametersand Yield

Land parameters included in this study were: shofibin the field and in the area, terrain units gjion in the
landscape), top soil texture, topsoil pH, signrakeon, waterlogging and soil workability.



Slope
Most of the study area consisted of steep slopesptxthe upland plateau and flood plain, whichratatively flat
areas. Slopes reached upto 140%. Terraced farnimgin the hills.

Slope had a significant negative effect on yieldp8 in the area had a more negative effect oml \tlen slope in
the field; this might be due to the applicationrafitional terracing practices. Regression analicitest the effect
of slope in the area on yield gave/ulj. R*of 18.8%and p-value < 0.001).

Yield versus Terrain units

Six terrain units were identified in the study arefighland hills (HH), Mid hills (MH), Foothills (H), Upland

plateau (UP), River terraces (RT) and Floodplak®)( One way ANOVA is used for comparing severgyation

means. ANOVA tests the null hypothesis that theybatipn means are all equal and the alternate hgsi is that
they are not all equal (Moore & McCabe 1998). Nalue is greater than the specified probabilityeleve have no
evidence to reject the null hypothesis that theufatfpns have equal means.

Table2.Terrain unitsand Yidd

Terrain unit No. of| Mean yield| ANOVA
observation (N) | (kg/ha)

UP 16 3406.3 * P<0.001

FP 9 1858.8 df=67

HH 16 1184.4 *

MH 9 1431.9)

RT 9 1905.5

FH 9 1908.3

Means followed by * are significantly different froother means.

The null hypothesis that mean yields are equal gntbe different terrain units was rejected (p <0Q)0at 5%
probability level and we had evidence that notodlthe means are equal (tableb). Least Significddiference
(LSD= t*S.E) indicates which mean is significanttifferent from the other means (Moore & McCabe 1998
Upland plateauyP) and Highland HillsIH) were significantly (*) different from all otheed Alpha=0.05. Upland
plateau significantly increased yield while highddnills did significantly reduce vyield.

Top soil texture

Texture of the topsoil was determined in the fieydThein’s feel method”. Five textural classes avé@entified as
sandy, sandy loam, silty loam, clay and clay lodinese textural classes were further grouped inteettbroad
categories as “coarse” (sandy & sandy loam), “mmd{silty loam) and “fine” (clay & clay loam). ANOVA
indicated that there was no significant yield diéece among these three textural classes (P= 0.820)texture
influences the movement of water and nutrientsughothe profile, and also affects root growth. Teat class
affects water-holding capacity.

50 out of the total 68 sample points had fine (clelgyloam) and medium (siltyloam) textural classest are
optimal texture requirements for maize (FAO 197&)textural class did not significantly affect yel

Top Soil pH
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Figure 5. PH and yield

50 out of the 68 sites had a pH between 4 to Bli@ciThe effect of pH on yield was analysed thitouggression.
The curve estimation resulted in a quadratic regpeg(figure 5).

The result of this regression equation showed yhedl was not significantly affected by pH (Adj?R 2.3%, P=
0.178). The optimal pH requirement of maize ishi@ pH range of 5.2 to 8.2 (FAO 1978, Lafitte 1994).

pH 5 was correlated with upland plateau( r =0.386Q0.001 )and gave higher yield than other pH -esliPH 6.5
was correlated with flood plain and hence lowetdyier =0.337 ,p =0.005). pH 4 had correlation witiot hills (
r=0.437, p <0.001).

Table 6 shows the relation between textural classelspH. Coarse texture had a significant cormhatvith pH
range 6 to 7 (r=0.284, P = 0.019) and fine textitd pH range 5 to 5.5 (r=0.253, p=0.038). TextdlaEss coarse
was correlated with flood plain (r = 0.402, p =@,

Table 3. Count of texture class by pH

Texture pH Ranges

Class 4-45 555 6-7

Coarse 7 6 5

M edium 9 6 2

Fine 11 21 1
Waterlogging

According to farmers waterlogging was one of thedpiction problems. It was rated as “no problemdw! and
“medium”. No significant yield difference among ttieee waterlogging classes was found (P =0.351).

Maize is very sensitive to waterlogging at the yaplowth stage. Later in the crop cycle, waterloggtan be
tolerated for a period of upto one week, thoughdgiewill reduce. Waterlogging can result in nitragaeficiency
(Lafitte 1994).

Waterlogging Class (low) was correlated with fodtsh(r= 0.242, p=0.047) and waterlogging (medium) was
correlated with flood plain ( r= 0.551 ,p <0.00Iéxture class coarse was correlated with floodchplai= 0.402, p
=0.001).



Erosion Signs

The presence of erosion signs (presence of peg-illls, and gullies) in the field and its surralimg was recorded.
The effect of presence versus absence of such sigesanalysed. The result of t-test showed thasemee of
erosion signs significantly reduced yield (P < @00

Soil Workability

Soil workability problems as they were perceivedfdnyners (as “problematic” and “easy”) were anatlyfa their
effect on yield. There was no significant yieldfeiEnce between the two classes of soil workabftittest, P =
0.295).

Management parametersand Yield

Farmers apply different management practices @jo@is) to get reasonable yield from their land trey operate
at different technological levels. Data collectedaperation sequences followed by farmers of thdysarea (land
preparation through harvesting) were analysed.d&ta included all levels of technologies practisethe area and
production levels achieved to maximize the chamc&éntify all major yield constraints. The datzlude: land

preparation, planting, weed control, pest and diseeontrol, manure and chemical fertilizer appiarat and

harvesting.

Land Preparation

The primary purposes of land preparation (tillagedr to planting are to create a soil structuneofaable for crop
growth, to incorporate crop residues, and to conteeds (Lafitte 1994 ).In the study area, landppration was
carried out from January to late March. Time ofdameparation (days after 1/1/2000), frequencylofighing and
main power source were analysed for their effecyietd. Time of first ploughing had no significasffect on yield
(Adj.R*= 0.0%, P = 0.675 Time of Second ploughing had no significant effettyield (Adj. R= 2.0 %, P =0.186)

Frequency of ploughing (three ploughings)
There was no significant yield difference amongplmighing frequency (df = 67, F=1.54,p= 0.222).

Main power sourcefor ploughing
Farmers in the upland plateau (16x) used tractolewiirmers in other terrain units (52x) used okenploughing
their land.

Two-sample t-test showed that there was signifigeeld difference between the two main power sosi(e <
0.00). Tractor ploughing significantly increased yietpugh the effect would also be attributed to défees
between terrain units (Figurel4).

M ethod of Planting

Method of planting, row versus broadcasting, wenapgared for their effect on yield. ANOVA shows thia¢re was
significant yield difference between the two methoBroadcasting significantly increased yield (®.801). The
method used strongly correlated with seed rated.use

Seed Rate

Farmers use different seed rates for various readdre recommended rate for the area is 35 kgédranérs applied
high seed rates when planting through broadcasiagners compensate germination loss, loss duestrt pest
attack and losses due to different factors thrchigh seed rates. Seed rates significantly incregisdd (Adj. R* =
25.8 %, p < 0.001 An increase of 1kg seed increased yield by 21 kg.

Manure and Fertilizer Application

Farmyard manure is applied as a source of orgamidiZer; chemical fertilizers as an inorganic sm Three
mineral elements are required in relatively largergities: nitrogen, phosphorus, and potassiumsé&tee the
nutrients that most frequently limit maize prodaoati Yields can often be reduced by 10-30 % by dfcies of
major nutrients (Lafitte 1994).

The major causes of nutrient deficiencies include:
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« Non or insufficient application of fertilizer.
« Fertilizer applied is lost to leaching, run off \alatilization.

« Untimely fertilizer application or when the cropabkeady stunted due to factors such as inadequedd
control

e Waterlogging.
« Extreme Soil pH levels.

Farm yard Manure Application

96 % of all farmers applied manure on their fieddsing land preparation. The source of manure wasdung and
poultry waste. Farmers applied large quantitiesnahure. The effect of quantity of manure appliedymids was
analysed. Farmyard manure was not expected tot riesyield variability in because almost all fieldsceived
similar treatment. Curve estimation of the effethmanure on yield resulted in a quadratic regregsiowas not
significant (Adj. R=0.0%, P=0.679).

Fertilizer Application (Quantity, method and time of fertilizer application)
Basal Application of DAP and Complexeal (NPK-Compound)

Farmers apply DAP (Di-Ammnium Phosphate) and Corgaéat planting. Of the total 68 farmers, 8legub
DAP and 9 applied Complexeal, respectively. Comgégis manufactured in India and has a composifaz0 N,
20 P205 and 20 4O. The majority of the farmers did not apply chemhiertilizers at planting as they are applying
large quantities of manure. Basal application offDénd Complexeal had no significant impact on yigdability
(Adj. R*=0.0%, P= 0.404).

Urea Application astop dressing :

Fitted line plot of yield and quantity of Urea
YLDAC.STD = 1048.69 + 7.93631 QUPSTD

S =0982576 R-Sq=24.2%  R-Sq(adj) = 23.0 %

5000 —f -

4000 —f
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2000 —
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100 200
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Figure 6. Ureatop dressing

The recommended rate and time of urea applicationrding to the maize national research centen#sze should
be top dressed with urea at the rate of 30 kg Hitkamee-height growth stage. This is a blanketmenendation and
there is no specific recommendation for the stuggaaFarmers in the study area apply different tities of urea (0
to 294 kg/ha) and at different crop growth stageshis study, quantity and growth stage at whiohauwwas applied
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(urea and urea management) were analysed. 2 &8t fairmers did not apply urea as top dressinga ldpplication
significantly increased yield (Adj.%= 23.0 %, P < 0.001). An increase of 1 kg ureadbeeased yield by 7.9 kg/ha.

Ureatop dressing at different Crop growth stages

Top dressing of urea at two crop growth stagesetaiye and tasseling) was analysed for their effecyield.
Quantity of urea applied at vegetative crop growthge significantly increased yield (Adf.Rf 41.1%, p
<0.001).Quantity of urea applied at tasseling sigantly reduced yield (Adj.Rof 5.3%, p=0.033).

4.2. Quantified Production Functions

4.2.1. TheProduction M odel

In chapter four, the relationships of land and nganaent and yield were analysed to explore the teffeeach land
and management parameter versus Yyields obtaineel exglored. Some land and management parametera had
significant effect on yield.

Multiple linear regression is used to empiricallpdel maize production based on the data collecéep-wise

forward multiple linear regression is applied ttesethe parameters that are strongly and sigmifigaelated to the
yield variability. Repeated “trial and error “attpta were carried out to check for correlation bewedependent
parameters and to explore unexpected coefficidoegaand signs. The final regression equation (mtion model)

was:

YLD(kg/ ha) = 1633 - 398 HH + 1423 UP + 3.50 QUP - 21.6 LODX %

Table 4. Coefficient and p- value of the production model

Predictor Coefficient t-value P
constant 1633 7.41 0.000
HH -398 -1.94 0.056
upP 1422 7.07 0.000
QUP 3.49 2.73 0.008
LODG -21.6 -3.85 0.000
N =68
R%(adj.) = 64.9%,
Whereg,

YL D= Dependent Variable, maize yield (kg/ha)

UP =1, if the terrain unit is upland plateau

HH= 1, if the terrain unit is highland hill
QUP= Quantity of urea applied as top dressing (kg/ha)
LODG = Lodging (%)
The prepared production model suggests that yietaease if:
e The terrain unit is upland plateau(UP),

« Higher quantity of urea is applied as top dressing.
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e Thereis no lodging.
Theregression model explained 65% (Adj.R? of yield variability in the study area for one season.

The fitted line between actual and estimated y#idws a high correlation and proved that the priduanodel
was useful to predict the actual yield in the dfere 7).

YLD(kg/ha) = 0.475302 + 0.999841 EST.YLD(Kg/h

S=648599 RSq=67.0% R-Sq(ad) = 66.5%

5000 —{
4000 —
3000 —{
Actual yield

2000 —{

1000 —{

0 1000 2000 3000 4000

Estimated yield

Figure7. Actual versus estimated Yield (Adj.R?*=66.5%, p <0.001)
4.2.2. Impact by Yield Constraints

The contribution of each constraint, identifiedaiigh the model, to the overall yield-gap was caked by

defining two production scenarios: an average ast foptimum) production level scenario. This wakalelished

by comparing the average values of the constrditiien68 plots with the best value of all plotsffBience in yield

multiplied by the coefficient of the constraint sisggested by the model indicates for a particutarstraint its

contribution to the overall yield-gap. The estintatand actual yields represented the “average “dbekst”
“production situations. The relative contributiohyteld constraints to the overall biophysical igjap for the area
is presented in table 5.

Table 5. Impact of yield constraints (kg/ha)

Yield M odel coeff. M easured value M easur ed Partial | %
constraint value* Coeff. yield contribution
gap

Avera | Best Average Best

ge
constant 1633 1 1 1633 1633 0 0
upP 1423 0.24 1 341.52 1423 1081.5 56
HH -398 0.24 0 -95.52 0 95.52 5
Urea 35 122.5 250 428.75 875 446.25% 23
(kg/ha)
Lod(%) -21.6 14.1 0 -304.6 0 304.6 16
Total 2003 3931 1928 100

Based on data covering one production season @AQ(season), the yield-gap of 1928 kg/ha was cahgeahe
following factors:
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e Land factors (terrain units):
Upland plateau (56%)
Highland hills (5%)
* Management factor:
*  Quantity of urea (23%)
e Lodging (16%)
Lodging occurred as a result of weather (heavysjaand pests and diseases (stalk borer and staiffects.

4.2.3. Specific Constraint-M anagement Relationship

The major yield constraints and their impact cgld/iwere identified through CPA. This approach wid consider
specific relationships between identified constmiand management options practised in the arealysing
specific constraint-management relationships caultrén understanding of the land use systems atudhd hence
improve the yield—gap model. An attempt was maddirtd a relationship between lodging (a constrairth
negative effect on yield) and management aspeatsrihy reduce the impact of lodging.

Variety

The local variety (tall variety) seemed more susibépto lodging while Rampur yellow, a relativedfiorter variety
had relatively lower lodging. None of the varietggswn in the area had however a significant effieceducing the
observed lodging.

Urea
Urea applied as top dressing had no a significiettein reducing lodging (Adj. 0.0%, P =0.682).

Planting method
There was a high score of lodging in fields wherm@aldcasting planting was practised. This effect again not
significant.

None of the management options practised in tea had a significant effect on lodging and lodgasga yield
constraint could not be removed from the previoosleh

Future breeding programs should focus on develogimgyt and stout varieties with stalk borer andkstat
resistance to minimize the negative effect of lodgso that the yield gap can be narrowed down.

Improving the Production M odel

In the earlier model (section 5.1), 65% of yieldighility was explained and the contribution of lraonstraint to
the overall yield-gap was elaborated. The impactodfjiing on yield could not be reduced significarttirough

actual management practice. Further exploration made to improve (enhance) the earlier producti@aeh by

considering interactions of Urea (identified coastt in the earlier model) with land and urea mamagnt practices
as they occur in the study area. Response to uepands on land characteristics and its manageriéet.
relationship between yield and land and managepematmeters was reformulated as follows:

Yield =f (Land, lodging, urea, Urea *land, urea * urea management)

Response to urea versusland and management parameters

The interaction of quantity of applied urea wigdmdl and management parameters was explored ta sigleiicant
parameters that can be used as input data in Ssep-vegression. Land parameters such as terraih, so
characteristics (pH and texture), crop growth stagevhich urea was applied, and varietal responseréa
application were considered. The following interaziparameters had a significant effect on yieddl@ 11).

Table 6. Effect of interaction of ureawith land & management on yield
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Urea Land parameters Urea management parameters
(kg/ha)
UP pH Fine Variety 1 Time of| Vegetative Tasseling stage
texture application growth stage
P<0.001 | P<0.001 | P=0.001 | P <0.001 | P=0.009 P <0.001 P=0.033

4.2.4. Final Production Model

Remodelling of the production function was donecbysidering all land and management parametetsatbige
used as input data for deriving the production mdldead, management, and lodging) and new inpuh datea*
land, urea*urea management) as presented in taleeBaction of urea with upland plateau had highignificant
effect on yield (R=44.97, p< 0.001) but the model still give a prefee to the terrain unit “upland plateau ”.

Quantity of applied urea was more preferred byntloelel to urea/urea management interaction. Thisbealue to
the fact that farmers in highland hills and midshire not following appropriate urea managemeattares. The
regression process selected no new interactiveres. Finally, parameters that were selectederetirlier model
were selected once more.

Upland plateau was found to be the most produdgwveain unit because of its inherent nature (fke¢s erosion
hazard, relatively fertile) and optimum managenpattices followed by farmers such as high quantityrea with
its optimum management and tractor ploughing.

In highland hills, most of applied fertilizer issiothrough run off and there is high erosion hazard farmers did
not apply optimum urea management practices calsivgy yields.

This study revealed that if Comparative Performaraelysis is based on specific constraint-managémen
functional relationships, such combinations coutdfbund. Use of such combinations could have erdgthi@PA
methods and the production function. The findinfshis CPA study were in line with the farmers’ gaption of
faced constraints for yield differences betweenacyields obtained and yields expected.

5. Conclusion and Recommendation

5.1. Conclusion

The following conclusions are drawn from this study

+ Based on one season survey, the production modalaped through Multiple Linear Regression
successfully explained 65 % of the yield variabilit the study area. The production model iderdifee
terrain unit (Upland plateau & Highland hills vessall others), a management parameter (Quantity of
applied urea) and lodging as the three major yielastraints. The impact of each identified constran
yield (yield-gap of 1928 kg/ha) was 61%, 23 % a6dA, respectively.

* The terrain unit “upland plateau” was found to lo¢emtially the best area to grow maize.

« Basing CPA study on specific constraint-managenfencttional relationship can identify management
options that can reduce yield loss induced by &qudar constraint. This method could have a widege
of application in Ethiopian production context @fetse agroecosystems and NRM constraints.
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Recommendations

The following recommendations are formulated:

1. Planners, researchers and extension workers maysusk research outcomes for priority setting of
development interventions.

2. Urea application considerably increases yields,thatexact recommended rate should be examinedghro
soil analysis based on-farm trials on the difféterrain units.

3. In the highland hills, appropriate soil and wategnagement practices should be recommended to m&im
losses of applied fertilizer through run off.

4. Future CPA studies should consider constraint-mamagt functional relationships and land and managém
interactions to prepare better yield productiorcfions.
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