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Abstract

This paper focuses on smallholder maize produdtiaalawi by investigating the link
between productivity and soil fertility managemeviany studies conducted in Malawi indicate
declining levels of maize productivity thereby pasifood security concerns, since maize is the
staple crop for most areas of the country. Thislyais focuses on the factors influencing
productivity of maize among smallholder farmerspexsally given the fears that unfavorable
output and input market conditions throughout tf90s may have compelled smallholder
farmers into unsustainable agricultural intenstfma Farm-household survey data is thus used
to compare the productivity of smallholder maizedarction under integrated soil fertility
(ISFM) and chemical-based soil fertility managemehtnormalized translog yield response
model is estimated by imposing monotonicity andvature correctness at the sample mean. The
results indicate higher maize yield responses ritegrated soil fertility management options,
after controlling for the intensity of fertilizerpglication, labour intensity, seed rate, land
husbandry practices and policy factors such as ehaécess, extension and credit access. The
estimated model is highly consistent with theosdtiegularity conditions. Thus, the findings
indicate that the use of ISFM increases maize ity in comparison to the use of inorganic
fertilizers. Since most farmers in the maize-bafmuning systems are crowded out of the
agricultural input market and can hardly afford im@atl quantities of inorganic fertilizer,
enhancement of ISFM provides scope for enhancinggenproductivity and food security
especially where inorganic fertilizer is highly dieadable and risky to use. Thus there is need
for policy interventions to promote smallholder algg of ISFM options. Finally areas of policy
support in crop output and input market developmentdit access and extension service
provision are identified to enhance ISFM uptakerimallholder maize-based farming systems.
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Kurzfassung

Dieser Beitrag betrachtet die kleinb&uerliche Maddpktion in Malawi indem die
Beziehung zwischen Produktivitat und Bodenfertifithanagement untersucht wird. Viele der in
Malawi durchgefuhrten Studien berichten von eirimklaufigen Produktivitdt des Maisanbaus.
Da Mais die zentrale Nahrungsmittelpflanze fur mhieisten Regionen des Landes ist, fuhrt dies
zu Problemen im Hinblick auf die Nahrungsmittelgidieit. Die nachfolgende Analyse
fokussiert daher die Faktoren, welche die Prodiiktides kleinbauerlichen Maisanbaus beein-
flussen. Dies geschieht vor dem Hintergrund deroueihaften sektoralen Bedingungen im
Verlauf der 90er Jahre, welche bei den Kleinbaueme Intensivierung der Produktion
veranlasst haben kénnten. Haushaltsdaten werdarzjem die Produktivitat der kleinb&auer-
lichen Maisproduktion mit einem integrierten Bodemifititsmanagement (ISFM) und diejenige
auf der Basis eines chemikalischen Bodenfertilt@sagements zu vergleichen. Es wird ein
normalisiertes translog Ertragsmodell geschatzt enmd Monotonie- und funktionale
Krimmungserfordernisse auferlegt werden. Unter &esightigung der Dingemittel- und der
Arbeitsintensitat sowie der Aussaatbedingungen, Rldtlenbearbeitungspraxis und institutio-
neller sowie politischer Faktoren zeigen die Regalhthere Ertragsraten fur die Produktion mit
integriertem Bodenfertilitatsmanagement. Das Schédell weist eine sehr hohe Konsistenz mit
den theoretischen Regularitatsbedingungen aufEBjebnisse legen nahe, dass im Vergleich zu
inorganischem Dungemitteleinsatz der Einsatz vdfMSlie Produktivitat der Maisproduktion
erhoht. Da viele der maisproduzierenden Kleinbauaeur schwerlich Zugang zu den
traditionellen Inputmérkten haben, konnte die Auswey des integrierten Bodenferti-
litatsmanagements Raum fir eine Steigerung der uRtivitdt des Maisanbaus und der
Nahrungssicherheit geben. Dies gilt insbesondere @ebiete, in denen inorganische
Dungemittel nicht erschwinglich sind und risikoteisy der Anwendung erscheinen. Folglich
besteht Bedarf fur politische Interventionen, um Akzeptanz von ISFM unter Kleinbauern zu
erhéhen. Schliel3lich identifiziert die vorliegen8idie Ansatzpunkte fur potentielle politische
Mallnahmen um die Ausweitung des integrierten Ba@htfatsmanagements in kleinb&uer-
lichen maisbasierten Agrarsystemen nachhaltig miefi.
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1 Introduction

Maize is the dominant crop in most smallholder fagnsystems in Africa south of the
Sahara. In Malawi, it is the main staple crop,neated to be grown on over 70% of the arable
land and nearly 90% of the cereal area, making Wiadae of the world’s highest consumer of
maize at 148 kg per capita per year (Smale andeJa@@3). Thus, maize remains a central crop
in the food security equation of Malawi even if tagricultural economy is diversified. The
dominance of maize as a staple crop mainly emariedes self-sufficiency policy which the
Government adopted after independence in the m&Ds.9This resulted from the need to
produce enough food to feed the growing rural paiah as well as keep staple food prices low.

Many studies conducted in Malawi indicate declinlagels of maize productivity that
poses serious food security concerns, since maizbe staple crop for most of the country
(Kydd 1989; Smale and Jayne 1995; Chirwa 2003).pper analyzes the factors that influence
productivity of maize among smallholder farmersyegi that unfavorable output and input
market conditions throughout the 1990s have coragedmallholder farmers into unsustainable
agricultural intensification. Currently, the mostongprehensive studies of smallholder
productivity in Malawi have been conducted by Chair¢®996), Chirwa (2003) and Edriss et al.
(2004). The first two studies have used data cidtefrom a sample of farmers from Machinga
Agricultural Development Division (ADD). Edriss ei. (2004) used national level data to
analyze the levels of maize productivity given kagour market liberalization. All these studies
used parametric approaches to estimate the efficiehMalawian smallholder farmers in maize
production. This paper complements these studies mumber of ways. First, the first two
studies have been restricted to only one agro-gaxb zone and their results may not be
applicable to other agro-ecological zones, whetlkasample used for the analysis in this paper
is drawn from three agro-ecological zones and thesounts for agro-ecological variations.
Secondly, both studies did not account for the rigtzal regularity conditions in their analysis.
Therefore it is highly likely that policy conclusis drawn from these studies may have been
flawed due to lacking regularity of the estimateshdtions. Thirdly, this paper considers the
productivity effect of alternative soil fertility amagement options available to smallholder
farmers. This is important because while many madtéve soil fertility management options have
been developed for smallholder farmers, very lil&known about their impact on improving
smallholder farmers’ productivity. The obvious weaaks of the study by Edriss et al. (2004) is
the use of national level data that masks the faxmal variations. This is improved upon through
the use of farm-level data.
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The rest of the paper is arranged as follows: thd section presents a review of maize
productivity, drawing from previous studies condictbn Malawi, with specific reference to the
smallholder sector. This is followed by the distoissof the theoretical model on which the
analytical model presented in section four is bassttion five describes the data and the
analysis. Section six concludes with main findiags their policy implications.
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2 Review of smallholder maize productivity in
Malawi

Despite the central role that maize plays in foedusity in Malawi, its productivity has
not been impressive especially from the early 1988@en stagnation in maize yield led to
frequent food security problemSmale and Jayne (2003) have attributed the detlimeaize
yield to four main reasons: (i) removal of subsicli@) devaluation of the Malawi Kwacha; (iii)
increase in world fertilizer prices; and (iv) lowiyate market development because fertilizer
dealers require substantial risk premiums to hald &ransport fertilizer in an inflationary
economy with uncertain demand (Conroy 1997; Diagne Zeller 2001; Benson 1997; 1999).
The situation is exacerbated because maize priaegels follow parity levels while fertilizer
price changes reflect full import costs. Since nfestilizer in Malawi is used on maize (and
tobacco), the removal of implicit subsidies in tloem of over-valued exchange rates had a
strong negative effect on fertilizer use. Furthemmcsince almost all of Malawi’s fertilizer
supply is imported, the depreciation of the reathenge rate has also invariably raised the
nitrogen to grain price ratios (Minot, KherallahdaBerry 2000; Heisey and Smale 1995). All
these factors, along with shifts in relative pricdcompeting crops, as well as the unfavorable
weather patterns may have contributed to the m#jmtuations in the maize yield and
production through the 1990s as shown in Figure 1.

Figure 1: Maize Productivity in Malawi (1980-2002)
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One critical consequence of the increase in feetilprices relative to maize grain prices
is that most farmers over the past decade havénoewt to over-exploit the natural soil fertility.
This is because the improved maize varieties retehg the National Agricultural Research (i.e.
MH17 and MH18) proved to yield more than local neamdthout fertilizer at the seed prices that
prevailed through the early 1990s. This implieg thenade economic sense for farmers to grow
hybrids even if they could not apply fertilizer (Sey and Smale 1995; Benson 1999). This has
resulted in soil fertility mining, leading to unsamability, as the inherent soil fertility is no
longer capable of supporting crop output at attzeis required to feed the growing population.
This calls for concerted efforts to promote smddkeo soil fertility management using relatively
more sustainable options such as integrated sdilitie management (ISFM) i.e. involving
incorporation of grain legumes and inorganic fezit in maize production systems. However,
farmers’ choice of the available soil fertility megement options depends to a large extent on
the relative returns of the options.

This study aims at assessing the productivity thod profitability) of maize production
using ISFM or inorganic fertilizers only. This isportant in order to assist farmers to make
rational soil fertility management choices, givee bptions made available through soil fertility
and agronomic research.
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3 Theoretical Review

A number of functional forms have been used to ifpgteld response functions, most
commonly the Cobb-Douglas, quadratic, square roahslog, Mitscherlich-Baule (or MB) as
well as the linear and non-linear Von-Liebig fuocis. The rationale for choosing a particular
functional form depends on the research questindglae underlying production processes to be
modeled (Nkonya 1999). Furthermore, the choice tfretional form should be based on the
need to ensure rigorous theoretical consistencyfaectdal conformity within a given domain of
application as well as flexibility and computatibeasiness (Lau 1986; Sauer et al., 2004). For
example, while the Cobb-Douglas is simpler andegdsi estimate, it assumes invariant returns
to scale and does not ensure the attainment oéld ygsponse plateau, thereby resulting in an
overestimation of the optimal input quantities (Atk-Ogutu et al. 1985). The polynomial
functions (i.e. the quadratic and square root) kbmvafor the diminishing marginal returns of
inputs as well as flexible input substitution, iy are also larking when it comes to the yield
response plateau. The non-linear Von-Liebig and MBctions are the most widely used
functions, especially in the field of agronomy. Hoxer, because they are highly non-linear,
especially when a number of inputs are involvedjrtestimation is cumbersome and liable to
several parametric restrictions. The other weakiméshe MB function is that it may not be
appropriate for modeling farm production in devéhgpcountries because it is only appropriate
for stage Il production (where marginal productré@ases at a decreasing rate). But research
shows that most constrained farmers in developounties still largely operate within stage |
where marginal product increases at an increasiteg(Franke et al. 1990; Keyser 1998).

We maintain the assumption that farmers’ choica ebil fertility management option is
based on the desire to increase the profit derivech increased crop yield. As such the
underlying problem is that of optimizing profit, vgn the technology and soil fertility
management options available. Thus given the pteztutunction:

h(g,x,z)=0 [1]

where qis the vector of outputx is the vector of variable inputs argis a vector of
fixed factors. If we letp andc be the output and input prices respectively, thméa’'s restricted
profit becomes

! Profit is restricted because only the variable £@se subtracted from the gross revenue. The atestrprofit
equation usep andc to denote the transposition of vectors (see Satlanid de Janvry 1995).
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T=pg-cX 2]

The farmer is thus assumed to choose a combinafieariable inputs and outputs that
will maximize restricted profit subject to the pradion technology constraint:

Max pg-cx st. h(qx,z)=C [3]
X,q

The solution to this profit maximization problemcbenes a set of input demand and
output supply functions of the form:

x=x(p,c,z) andg=q(p ¢ z) [4]

Substitution of the expressions in [4] into thetnieged profit equation given by [2] gives
the maximum profit the farmer could obtain givee thutput and input prices, the availability of
fixed factors and the production technoldgylence it is possible to derive the optimal leviel o
inputs, which when substituted into the correspogdiroduction function yield the optimum
level of output which is consistent with the optinkevel of restricted profit. The following
analysis uses a primal production function rattm@ntthe dual profit function as the latter is
conditioned on prices. Relevant prices in the stadya suffer from a considerable bias of
aggregation as it is fairly difficult to captureetivariation in prices on household level. Given
further the uncertainties in expected agricultypates and production, it is unlikely that the
correspondence between expected prices and prodwetiuld give a good model fit.

Z Due to duality theory a well behaved dual profitdtion is a “sufficient condition” of the underlgjrwell-behaved
production function (see McFadden, 1978). Accordingeconomic theory a well-behaved production/profi
function has to be non-negative, monotonically éasing (decreasing) in output (input) prices, ceaqaonvex),
homogeneous of degree zero in all prices and if gloeluction function displays constant returns tales,
homogeneous of degree one in all fixed factors¢8laed and de Janvry 1995).

8
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4 The empirical model

In this analysis, a normalized translog functiofiaim was used because of the
assumption that yield response depends on nutnsmtefficiency. Such a relationship can be
approximated by a second order polynomial functidre normalized translog models have been
widely used for describing the crop response ttilif=ation and tend to statistically perform
better than other functional forms. Belanger et(2000) compared the performance of three
functional forms (quadratic, exponential and squayet) and concluded that although the
quadratic form is the most favoured in agronomed/iresponse analysis, it tends to overstate
the optimal input level, and thus underestimatihg obptimal profitability. Other studies that
have reached similar conclusions include Bock aidr& (1990), Angus et al. (1993) and
Bullock and Bullock (1994). Our choice of the notiped translog is based on two further
reasons: First, it is the best-investigated seaddr flexible functional form and certainly one
with the most applications (Sauer et al. 2004)psdtly, this functional form is convenient to
estimate and proved to be a statistically significgecification for economic analyses as well as
a flexible approximation of the effect of inputenéctions on yield.

The normalized translog maize production modellmaexpressed as:

|n(%>=ao+iai '”(%”%nf > A '“(f-)'”(%) Dhate &INOOY) [

i=1 j=i+l

Where qis the yield (kg/ha)x are the variable inputs (fertilizer, labour andde zis a

vector of productivity shifters such as land husbgnpractices (i.e. weeding and date of
planting) as well as rainfall. All variables arermalized to the sample mean by dividing by the
mean value (q’, % X;’). We also include a dummy variable for soil fetyi management (i.e.
integrated management or use of inorganic fertilady) in order to assess the impact of soil
fertility management choice on yield response asageother control variablesr, are the linear

input parametersf3; are the quadratic and interaction parametgrsare the parameters for the
productivity shifters and; is the error term assumed to be randomly distithutith zero mean

and constant varianag?®.

In the case of a (single output) production functimonotonicity requires positive
marginal products with respect to all inputs angsthon-negative elasticities. With respect to the
normalized translog production model the margimabpct of input i is obtained by multiplying
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the logarithmic marginal product with the averagedoct of input i. Thus the monotonicity
condition given holds for our translog specificatid the following equation is true for all
inputs:

o). lalola). (ol 505

Since both(q/q') and(x /%) are positive numbers, monotonicity depends orsitye

of the term in parenthesis, i.e. the elasticity(aflq') with respect t¢x /x').° By further

adhering to the law of diminishing marginal produties, marginal products, apart from being
positive should be decreasing in inputs implying filfillment of the following expression:

B
B

<0 [7]

dz(;jz :{a“ +(ai —1+§g”. In xj}(ai +Ji:lﬁij Inx, ﬂ

Again, this depends on the nature of the termsanemthesis. These should be checked a
posteriori by using the estimated parameters foh elata point. However, both restrictions (i.e.

[0(a/q')/a(x/%")]>0 anc{az(q/q')/a(x I % ')2J<0) should hold at least at the point of

approximation.

The necessary and sufficient condition for a speatirvature consists in the semi-
definiteness of the bordered Hessian matrix as tlacobian of the derivatives

d(a/a’)/a(x /x ") with respect to xif 0°Y(x) is negatively semi-definite, Y is quasi-coneav

where0? denotes the matrix of second order partial denreatiwith respect to the normalized
translog production model. The Hessian matrix igatiee semi-definite at every unconstrained
local maximum. The conditions of quasi-concavity are relatedhe fact that this property
implies a convex input requirement set (see inidetg. Chambers, 1988). Hence, a point on the
isoquant is tested, i.e. the properties of theesmonding production function are evaluated
subject to the condition that the amount of promunctremains constant. With respect to the

3 If it is assumed that markets are competitive autioi's of production are paid their marginal prasluthe term in
parenthesis equals the input i's share of totghatysi.

* Hence, the underlying function is quasi-concave an interior extreme point will be a global maximuThe
Hessian matrix is positive semi-definite at evemganstrained local minimum.

10
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translog production function curvature depends bae specific input bundle (X as the
corresponding bordered HessBH for the 3 input case shows:

0 bl b2 b3
— blhll h12h13
b2 h21|’]22h23
b3 h31 h32h33

BH

where bi is given in [6], hii is given in [7] andj Is:

Given a point % necessary and sufficient for curvature correctrisghat at this point
V'Hv < 0 andv’s = 0 wherev denotes the direction of chanyEor some input bundles quasi-
concavity may be satisfied but for others not ameshde what can be expected is that the
condition of negative semi-definiteness of the lkoed Hessian is met only locally or with
respect to a range of input bundles. The respebtivdered Hessian is negative semi-definite if
the determinants of all of its principal submatsiege alternate in sign, starting with a negative
one (i.e. (-1ij > 0 where D is the determinant of the leading ppgatminors and j =1, 2, ...,
n).? Hence, with respect to our normalized translogdpetion model it has to be checked a
posteriori for every input bundle that monotoniaiyd quasi-concavity hold. If these theoretical
criteria are jointly fulfilled the obtained estineatare consistent with microeconomic theory and
consequently can serve as empirical evidence fesiple policy measures.

With respect to the proposed normalized translaglpetion model quasi-concavity can
be imposed at a reference point (usually at theopkamean) following Jorgenson and Fraumeni
(1981). By this procedure the bordered Hessiar8]rig replaced by the negative product of a
lower triangular matrixA times its transposA’ (see appendix Al). Imposing curvature at the
sample mean is then attained by setting

Bi = —(DA i + aidij + qia [10]

® Which implies that the Hessian is negative serfinie in the subspace orthogonal tg 8.
¢ Determinants of the value 0 are allowed to replawe or more of the positive or negative values. Apgative
definite matrix also satisfies the definition ofi@gative semi-definite matrix.

11
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where i, j=1, ..., n\j = 1 if i = j and O otherwise and4’); as the ij-th element dA’
with A a lower triangular matrik.As our point of approximation is the sample melrdata
points are divided by their mean transferring tppraximation point to an (n + 1)-dimensional
vector of ones. At this point the elementdbtio not depend on the specific input price bundle.
The estimation model of the normalized translogdpotion function is then reformulated as
follows:

U+ )+ Y A Y+ 55 20 § s -aa)SF
W=+ ) o [ saragInCi + |08 209 sa e
Y 54-5.5,-50 4 @O Y5 maa) S (e Y5 6 eSSy
o BA08:-00:45aq ST+ 0 8 saa )G+ -0 g saagCE )
S8 a4 Y Yz v
X X
1]

However, the elements & are nonlinear functions of the decomposed matand
consequently the resulting normalized translog rmbdeomes nonlinear in parameters. Hence,
linear estimation algorithms are ruled out evethé original function is linear in parameters. By
this “local” procedure a satisfaction of consisterat most or even all data points in the sample
can be reached. The transformation in [11] movesatbservations towards the approximation
point and thus increases the likelihood of gettingoretically consistent results at least for a
range of observations (see Ryan and Wales 200@)etder, by imposing global consistency on
the translog functional form Diewert and Wales (AP&ote that the parameter matrix is
restricted leading to seriously biased elastic#iyneates. Hence, the translog function would lose
its flexibility. By a second analytical step we dlly (a posteriori) check the theoretical
consistency of our estimated model by verifyingt ttiee first derivatives of [6] are positive
(monotonicity) the own second derivatives are nggand finally the Hessian is negative semi-
definite (concavity).

Using equation [5], the optimal level ok is obtained by setting the marginal

productivity (i.e. the first order condition) equed the input/output price ratio. Using the
predicted yield response at the optimum leved ppredicted profit levels are compared between

the two soil fertility management practices. Thedicted profit equation is given as:

j
T=pg-) cx, [12]
i=1

7 Alternatively one can use Lau’s (1978) techniqueapplying the Cholesky factorizatian= -LBL’ where L is a
unit lower triangular matrix and B as a diagonatn®a
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where p andcare output and input prices. Assuming that all faisrare price-takers (in

both the factor and product markets), then profil solely depend on the yield response
function given by the marginal productivity of timgput. Thus:

AL B [13]

% %

Therefore, substituting the optimal level @&f into equation [12], and solving fay,

keeping all the other variables at the mean, resnolthe optimal yield, which is then used in
calculating the level of profit. This procedure performed for all alternative soil fertility
management options and the levels of optimal yaeld profit are then compared. Similarly, we
also compute the average total costs for maize ystomh using the two soil fertility
management practices.

13
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5 Data

The data used for analysis in this study is based farm household survey administered
to a stratified sample of 376 farmers. These fasmezre randomly drawn from those that had
been participating, more or less consistently,him $oil fertility management efforts involving
public research institutions, donor organizationd AIGOs for at least 5 previous seasons. The
farmers were sampled from Blantyre, Lilongwe andukAiz Agricultural Development Divisions
(ADD) using the stratified random sampling approaétom these farmers, maize technology
information related to variety grown, rate of ingydplication, other soil fertility options applied
as well as the general husbandry practices apphietie crop were collected and used in the
analysis. The sample used for the analysis congpas@53 plots (out of a total of 573 plots) on
which hybrid maize was grown as the main crop8.

To validate the performance of various soil fdstiinanagement practices, we compared
the farmers’ yields with those obtained from twofamm trails. The first is the Area-specific
Fertilizer Recommendation Trail conducted by theizdaProductivity Task Force (MPTF) of
the Ministry of Agriculture in which 1750 demongtoms were laid out on farmers’ fields in all
the agricultural extension sections in the coumr$997/98 season. The second data set is also a
Nationwide Best-bet Trial that was implemented otOQ on-farm sites by the Malawian
Extension Service in 1998/99, using the same sefagp the Area-specific Fertilizer
Recommendation Trail. The objective was to complaeemaize yield responses of fertilized and
unfertilized legume cropping systems. In totaltseatments were included in the experiment: (i)
green legume rotation involving either soybeanrougdnuts; (i) Mucuna pruriens rotation; (iii)
maize pigeon pea intercrop; (iv) fertilized maige) unfertilized maize; and (vi) local maize
(fertilized and unfertilized) as the control. Ttegtilized option involved either 35 or 69 kg/ha of
N fertilizers (Urea or 23:21:0+4S) depending on dhea-specific fertilizer recommendations. In
all treatments except the control, the same mametes i.e. MH17 and MH18 were planted
depending on the altitude of an area.

In comparing the on-farm trail results with thosgtimated from the farm household
survey, the on-farm trials data were adjusted doavde by a total of 26% comprising a 7.5%
adjustment to account for a higher than standaathgnoisture and an additional 20% to reflect

8 We only analyze the productivity of hybrid maize intyp because government policy only promotes farmer
adoption of hybrid and not low yielding local maizarieties. The yield figures were based on farmexsall and
adjusted for pre and post harvest losses. Labdarwias also collected during the survey based néefis’ recall
of the number of hours they spend on maize peralagverage, during the maize season. These figumesthen
converted to mandays based on standard converagiars. The area measurements were cross-checlded wi
those from the MPTF dataset and also confirmed dutie process of soil sampling. While not all deteors
could be corrected for, our confidence with theadstems from the fact that if we adjust for diffdréevels of
management, our data compares well with that frarfaom trails collected from the same farmers byT¥AP
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the difference in yields from the trial plots arght which the majority of farmers achieve on
larger plots under comparable management (Ben€@9)1

Productivity in Malawi's Smallholder Farming System

Impact of Alternative Soil Fertility Management Options on Maize

Apart from the key inputs such as fertilizer, seadl labour, the specification of the

productivity model includes also a number of impattcontrol variables that substantially affect
yields, especially in the smallholder farming syste These include rainfall, crop husbandry

practices such as weeding frequency and date ofipdpas well as the critical policy variables

l.e. frequency of extension visits, access to sesagricultural credit, access to product and

factor markets and agro-ecological dummies. A deitility management dummy (either
fertilizer only or integrated soil fertility managent (ISFM) involving fertilizer and grain

legume intercrops for biological nitrogen fixatiowpas also included. The descriptive statistics

for all the variables that were included in thedurctivity model are presented in Table 1.

Table 1: Descriptive Statistics

VARIABLE DESCRIPTION MEAN STD.
YIELD Hybrid maize yield (kg/ha) 914.9 886.6
FERTILIZER Fertilizer intensity (kg/ha) 30.9 38.3
LABOUR Labour intensity (mandays/ha/month) 67.3 34.8
SEED Seed intensity (kg/ha) 25.7 15.6
SFM Soil fertility management (1=ISFM;0=fert) 0.6 0.5
WEEDING Frequency of weeding 1.4 0.8
PLANTING Date of planting (1=early; O=later than first rains) 0.7 0.5
RAIN? Rainfall in mm 899.1 59.0
EXT_FREQ Frequency of extension visits per month 0.8 1.0
CREDIT Access to credit (1=yes; 0=no) 0.4 0.5
MACCESS Market access (1=accessible; O=remote) 0.4 0.5

Source: Own survey (2003)

° In the treatment of stochastic variables like fedinwe have maintained the Gauss-Markov theorkat in a
classical linear regression model, the least sgussgmator has the minimum variance and is liaeadrunbiased
irrespective of whether the regressor is stochastitot (Greene 2003). We have not tested for Xogeneity of
independent variables due to lack of proper instmis1 Rainfall entered the estimation as a dummgrevii
represents normal rainfall in an area as percdiyatie farmer, and 0 otherwise.
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6 Discussion of the results

The estimation results are shown in Table 2. Givencross-sectional data set and the
imposed regularity constraints, the overall modeisf significant at the 1%-level (P<0.000).
Nearly 87% of all observations are consistent wifité regularity conditions of monotonicity,
diminishing marginal returns and quasi-concavitypextively. We also conducted a test of all
relevant econometric problems such as multi cddiiitg and heteroscedasticity and the variables
that were highly correlated were excluded from #malysis. Refer to the appendix for the
numerical details of the regularity tests performé&de subsequent discussion is based on the
theoretically consistent range of observationhengample.

All input parameters show the expected sign. Amthrgginputs, fertilizer, its quadratic
and seed interaction terms are highly significdihie parameter on soil fertility management is
highly significant implying that the use of intetgd soil fertility practices significantly
influences maize yield.

Table 2: Estimation Results

PARAMETER COEFF. SE T-VALUE P-VALUE
Constant -1.349 4.019 -0.336 0.737
In(labour) 0.108 0.101 1.074 0.284
In(fertilizer)™** 0.428 0.105 4.067 0.000
In(seed) 0.493 0.390 1.265 0.207
In(labour_sq) 0.007 0.082 0.088 0.930
In(fertilizer_sq)*** -0.014 0.004 -3.654 0.000
In(seed_sq) 0.005 0.535 0.009 0.993
In(labour)X In(fertilizer) 0.004 0.011 0.361 0.719
In(labour) X In(seed) -0.034 0.315 -0.107 0.915
In(fertilizer)XIn(seed)** 0.156 0.027 5.795 0.000
SFM** 0.042 0.013 3.126 0.002
Rainfall 0.245 0.594 0.412 0.681
Weeding frequency 0.005 0.008 0.537 0.592
Planting date 0.034 0.121 0.278 0.781
Market access 0.007 0.008 0.909 0.364
Extension frequency™ 0.013 0.007 2.001 0.046
Credit access 0.007 0.006 1.205 0.229
Apy. R? 0.708 MONOTONICITY (%) 86.9

F-VALUE 335.577 DiM. MARGINAL RETURNS (%) 86.9

ProB>F 0.000 QuAsI-CoNCAVITY (%) 86.9

# 0BS. 253  REGULAR (%) 86.9

Note: ** P<0.000; *P<0.05; *P<0.10
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Although the parameters for rainfall, weeding freaqcy and planting dates show the
expected signs, they are all insignificant. Amohg policy variables, extension frequency is
positively and significantly (P<0.05) related to im@aproductivity, while market and seasonal
agricultural credit access are positively relateantize productivity, but are both insignificant.
While we would expect significant influences ofrfaill and its variation on maize yield, given
the rainfed systems, the insignificance may bebaitied to two reasons: First, hybrid varieties
e.g. MH18 are bred specifically for drought resisamong other aspects and in Malawi most
of these are particularly recommended for area$ #ma prone to intermittent droughts.
Secondly, we attribute the insignificance to theywle rainfall data were collected. Rainfall
figures are collected at an Extension Planning AEA) level and thus do not reflect the actual
variations experienced by different farms withinERA. To correct for this, we used a dummy
variable that indicates the perception of the fasmegarding the intensity and distribution of the
rainfall within the area, compared to what theywwigs normal. The husbandry practices are all
positively related to yield for both varieties lawe not significant.

The elasticities presented in Table 3 indicatd, tkeeping all factors constant, a unit
increase in seed, fertilizer and labour will resalt 0.43%, 0.42% and 0.11% increase in maize
yield respectively. Hence smallholder farmers ao¢ producing at their optimal point with
respect to the usage of variable inputs. The w&atiput usages could be radially increased to
increase the maize output. The use of integratgédestlity management improves the yield of
maize by 4.2% on average, compared to the useoofjanic fertilizer only. The elasticity of
maize yield with respect to the amount of rainfalither indicates a relatively importance of
climatic factors. The effect of the other controtlgolicy variables on maize yield is fairly low
as shown in Table 3:

Table 3: Mean Output Elasticities

Erasticiry
VARIABLE [am[ﬂ,]/aln[i‘]]
q X
Labour™* 0.106 (0.0077)
Fertilizer™* 0.420 (0.0613)
Seed™* 0.428 (0.1621)
Soil fertility management® 0.042
Rainfall 0.245
Weeding Frequency 0.005
Planting date 0.034
Market access 0.007
Extension Frequency 0.013
Credit access 0.007

Note: ** P<0.000; **P<0.05; *P<0.10
& : Invariant over observations as linear added control variables for SFM to Credit access
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In Table 4, we compare the returns to scale aswativith smallholder maize production
using alternative soil fertility management optiombke results indicate that smallholder farmers
exhibit considerable returns to scale, consisteitth wther previous studies (Kamanga et al.
2000). This is because most smallholder farmersab@en a region of the production function
where marginal productivity of inputs is increasifgjage | in figure 2). However, returns to
scale for farmers using integrated soil fertilityamagement practices are significantly higher
(P<0.000) than for farmers using only inorganidifieer. The relatively higher returns to scale
for integrated solil fertility management optionspignthat there is still scope for smallholder
farmers to exploit scale economies through the afs&SFM options which improve the soil
fertility and thus enhance the efficiency of inpufBhis is particularly important among
smallholder farmers who are unable to afford highentities of inorganic fertilizer.

Table 4: Returns to Scale by Soil Fertility Management Option

SOIL FERTILITY MANAGEMENT OPTION RTS RTS RANGE

MIN. MAX.
INORGANIC FERTILIZERS ONLY 1.12 (0.07) 0.98 1.35
INTEGRATED SOIL FERTILITY MANAGEMENT 1.50 (0.12) 1.09 1.71
TOTAL SAMPLE 1.31 (0.22) 0.98 1.71

Note: Returns to scale (RTS) difference between soil fertility management options is
significant at (P<0.000), Figures in parentheses are standard errors.

These results imply that assuming constant maiz#ider price ratios, the optimal yield
response for inorganic fertilizer (as well as othguts) is higher in the case of integrated soil
fertility management, due to the significance & ®FM parameter. Thus, with farmers facing
more or less the same maize price and input cbst,profitability of smallholder maize
production is likely to be higher when farmers grege inorganic fertilizers with grain legumes.
This is illustrated by figure 2 which compares tharginal product (MP) and average product
(AP) associated with each soil fertility managemaption, with chemical fertilizer level on the
X-axis.

Farmer 1 as the average farmer using integratédestlity management enjoys a higher
marginal product (MRev) as well as average product (A&fy) than farmer 2 who applies
inorganic fertilizers only (MRora, APnora). As depicted by figure 2 both smallholder farmers
experience increasing returns to scale and thikla@mhance the production of maize. However,
the average returns to scale for farmer 1 areivelgthigher than those for farmer 2 (space in
between the MP and AP curve).
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Figure 2: Average and Marginal Products
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Although the yield effect implied by the elastycif SFM is somehow low (at 4.2% on
average), given the low yields experienced by dméder farmers, if we account for other bonus
crops such as grain legumes (groundnuts, soya mygwrp peas), the overall additional yield
effect of ISFM is quite substantial. In fact itlikely to be higher among farmers which are
unable to afford optimal quantities of inorganictifezer, but still have access to hybrid maize
seed.

These results corroborate those of past studiesmimy ways. Most studies indicate that in
general, ISFM options are more remunerative wheuechased fertilizer alone remains
unattractive or highly risky, as is the case with maize-based smallholder farming systems in
Malawi. For example, marginal rate of return anialynducted on baby trials in Malawi also
identified maize-pigeon pea intercropping, grourtdmaize intercropping and rotation as being
economically attractive to smallholder farmers (Teamet al. 2001). In Zimbabwe, Whitebread
et al. (2004) reported a 64% higher yield when maszplanted following green manure rotation
compared to continuous fertilized maize. Mekuria avaddington (2002) also reported that
ISFM options gave a return to labour of $1.35 pgy dompared to $0.25 per day when either
mineral fertilizers or organic soil fertility managent options are used alone in Zimbabwe. In
Kenya, Place et al. (2002) reported that the rsttionlabour from ISFM options ranged from
$2.14- $2.68 per day compared to $1.68 per day whinone of the options is used. Economic
analysis in central Zambia also indicates that etebean and sunhemp green manure followed
by maize gives higher rate of returns comparedettilized maize crop alone (Mwale et al.
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2003). Such superior economic performance indisatoe also reported by Mekuria and Siziba
(2003) in the case of Zimbabwe.

Applying the assumption that all farmers face ths input and maize price ratios, these
results imply that on average, use of ISFM in maimeduction improves profitability compared
to use of inorganic fertilizer only. The averagefpability indicators computed from the study
data also support these results as shown in Tabléé gross margin per unit of fertilizer and
labour is higher when farmers use ISFM. As a resiging average as well as marginal rate of
return, the results indicate that it is more pedfie for farmers to produce maize under ISFM
than using inorganic fertilizer only as shown iguie 3:

Figure 3: Average Cost of Maize Production
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Use of ISFM reduces the average cost of maize ptou by as much as 30%
(especially among low-productive farmers). This liegp that smallholder stand to gain in cost
efficiency by adopting ISFM. These results agrethilose obtained using on-farm trials data
which indicate higher yields in green legume ratatsystems compared to maize applied with
inorganic fertilizer only.Mucuna rotation gives the highest optimal yield compatedmaize
applied with inorganic fertilizer only. Similarlyhé optimal yield for groundnut / soybean
rotation and maize pigeon pea intercrop is highanthat of maize with inorganic fertilizer only
(Kumwenda 1997; Gilbert 1998a, b; Sakala et al.3208lso in addition to short-term gains,
there is extensive evidence in literature that ISpidvides a lot of scope for improving the
sustainability of smallholder production systemstiyh their effect on enhancing soil organic
matter accumulation (Vanlauwe et al. 2004).

20



Impact of Alternative Soil Fertility Management Options on Maize
Productivity in Malawi's Smallholder Farming System

Table 5: The economics of maize production (2003 smallholder output and prices)

Hybrid maize
Inorganic fertilizer only Integrated SFM
(N=110) (N=143)

Average vyield (kg/ha) 702.9 964.7
Gross revenue (Kwacha per ha) 9488.80 13124.09
Labour cost (Kwacha per ha) 1816.02 1478.91
Fertilizer cost (Kwacha per ha) 1520.34 1994.42
Gross margin (Kwacha per ha) 6107.44 9650.76
Gross margin per Kg of fertilizer 368.41 530.26
Gross margin per manday 99.91 191.03
Average variable cost per kg of

maize 4.81 3.60
Value/Cost ratio (VCR) 2.81 3.78
Marginal Rate of Return (%) 181 278

Note: Hybrid maize includes MH17 and MH18, Kwacha is the local currency, Fertilizers include a combination of 23:21:0+4s and

CAN, Integrated soil fertility management (SFM) involves the application of inorganic fertilizers and incorporation of grain
legumes i.e. groundnuts (Arachis hypogea) or pigeon peas (Cajanas cajan) in an intercrop system.

21



ZEF Discussion Papers on Development Policy 98

7 Conclusions and policy implications

The study clearly shows that maize productivityemibFM is higher than when farmers
use inorganic fertilizer only. Gross margin pertusfi inputs is also higher, assuming farmers
face the same maize prices and input costs. Fuantiver there are long-term benefits associated
with ISFM. These results are also likely to be meeaningful among smallholder farmers that
can hardly afford optimal levels of inorganic fezer, and those in very risky environments.
These results in someway also assist to dispeltisi®p associated with the benefits of
integrated soil fertility management options, esgdgcamong farmers that have been crowded
out of the agricultural inputs market for reasohaftordability.

In terms of policy implications, ISFM provides seofor improving maize productivity
especially where use of inorganic fertilizer isiigunaffordable and risky. Thus from a policy
perspective, the results indicate that it is wotthevto scale-up smallholder farmer adoption of
integrated soil fertility management options masailable by the Department of Agricultural
Research. Since an effective ISFM package needwxliade hybrid maize, inorganic fertilizer
and improved grain legume seeds, it is highly wljikhat smallholder farmers can afford such a
package. From the findings of our study and otharsners are unable to effectively engage in
sustainable soil fertility management due to finahsetbacks. Consistent use of hybrid maize,
grain legume seed and chemical fertilizer requimarfcial outlays that farmers are either unable
to afford or can hardly risk to part with, withcagsurance of expected benefits. Moreover, there
are substantial risks associated with adoptiomgiroved varieties, chemical fertilizer and grain
legumes as a result of abiotic stresses such agloiroThe building up of soil organic matter
also requires some considerable time lag beforrifgignt yield effects are achieved. This
explains why farmers’ adoption of ISFM is still lodespite massive research evidence of its
productivity. Thus there is need for policy intemtiens to promote smallholder uptake of ISFM
options. It is also important to note that the sy ISFM to resuscitate the productivity of the
maize-based smallholder farmers depends on consigteegration of grain legumes with
inorganic fertilizers and access to improved maiaeeties. The performance of grain legumes
in fixing nitrogen is greatly compromised under laeil fertility conditions. Thus ISFM
establishment in smallholder farming systems canfamlitated through cross-compliance
interventions through among others, seasonal cpeaditision (within the context of starter-pack
type initiatives as well as public subsidies asppsed by the Government starting from the
2005/06 season). This will enable farmers to affootganic fertilizers and improved maize and
legume seeds. Similarly, an improvement in rurdpotiand input markets, including the grain
legume market would act as an additional incenthat will motivate farmers to grow grain
legumes together with maize. Public extension séglinains the main caveat for reaching
smallholder farmers with technologies developeddsearchers. Where the capacity for public
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extension is overstretched e.g. due to the HIV/Alia8demic, there is need for policy to create
favourable conditions for the involvement of nonsgmmental organizations that have proved
instrumental in reaching smallholder farmers.
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Regularity details for the sample mean

LABOUR FERTILIZER SEED
Monotonicity
[0(ala)/a(x/x")]>0 0.0316 0.2218 0.2282
Diminishing Marginal Returns
[*(ara)/ax/x )] <0 -0.0096 -0.0304 -0.0313

BH; BH, BH;

Quasi-Concavity
(—1)jDJ- >0 -0.0010 0.0006 -1.3E-05
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