ECONOMIC ANALYSIS OF 1989/90 MOA/FAO FERTILIZER DEMONSTRATIONS

Introduction

During the 1989/90 season, the MOA/FAO ftertilizer programme

implemented 56 demonstration sites spread throughout all five

Rural Development Projects (RDPs) of Lilongwe Agricultural

Development Division.
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Agronomic analysis and economic analysis using value-cost ratios

were performed for each of 47 sites thal were harvested.

the sites.

reasons.

A more detailed agronomic analysis was performed on 21 of

The 26 omitted sites were left out for the following

On 13 of these omitted sites some treatments had to be

replanted (mainly because of poor germinalion of the hybrid seed

?? check this).

On 11 of Lhe sites that were left out the farmer

practice/farmer variety included hybrid maize, use of fertilizer,

or both.

On two of the sites that were left, farmer practice



included local maize and no fertilizer, bul the hybrid was MH 12,
Of the 21 sgites incl;ded'in the analysis, in 12 the hybr%d was
NSCM 41 and in 9 the hybrid was MH 16. These sites were kept for
analysis because they could most cl;arly indicate effects caused
by use of fertilizer and those caused by use ol particular hybrid
varieties. One implicit assumption in the analysis that follows
is that differencés in spacing, weeding, etc. do not contribute
significantly to effects perceived as caused by fertilization or
variety. Another assumption is that the sites included are
representative of a Qingle recommendation domain, in other words
that both natural and economic conditions over the included farms

are sufficiently similar that a combined analysis can be

Justified.

Grain Yields
Mean grain yields per treatment are shown in Table 1.

Analysis of varianqe showed highly significant effects caused by
treatment. Since fertilization levels were different on local
and hybrid maize, it was not possible to differentiate precisely
the effecL; of fe;tilizer from those of variety or to ascertain
their interaction, but comparison of treatment means showed that»
both fertilizer ana variety make important contributions to yield

differences. 1In addition, yield distributions for each of the

four treatments given each variety (NSCM 41 and MH 16) were
plotted and visually compared (Figs 1 and 2). These confirmed
the results of the ANOVA analysis of means. Yields for hybrid

maize with fertilizer were considerably higher than for any of

FE




the other three treatments, and yields for local maize without
fertilizer were somewhat lower Lhan for any ol the other

treatments. Though for both NSCM 41 and MH |6 mean yields for
fertilized local were approximately 250 kg/ha above Lhose for
unfertilized hybrid, the distributions of yields for these two

technologicalloptions were roughly similar.

Table 1
Grain Yields in Kg/Ha

Hybrid Varietly
used in treatments 3 and 4

NSCM 41 MH 16
Treatment
1 868 1077
2 1708 . 2023
3 1456 1758
4 3649 3901

Economic Analysis
Economic analysis was then performed on the data, since

yield alone is not the only criterion in farmer decision making.

Two types of analysis were done. First, the mean yields shown:
above were used, along with a number of different assumptiona
abouF prices and costs, for partial budget analysis. The results
for the trials using NSCM 41 were almost identical to the resui{f
for MH 16, so only the former will be presented here. ;

Second, yields from individual farmer trial sites were use
to construct distributions of net returns. These distributionsiﬁ
were also developed using different price and cost assumptions.%%

-Ags the partial budget analysis based on the means showed little‘
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difference between the sites with NSCM 41 and those wilh MH 186,
this was done only for NSCM 41 sites, sincve Lhis analysis was
somewhat more time consuming. The returns disLribulions’®were
inspected visually, and simple first and second order stochastic
dominance comparisons were made, pairwise, for each of the four

treatments. In other words, for each set of assumptions, the

distribution of returns for treatment 1 was compared to the
distribution of returns for treatment 2, that for treatment 3,
and that for treatment 4; and so on until all comparisons using
two treatments were made. Treatments that were dominated in a
first or second order sense by any olher treatment were
eliminated from further consideralion. This is because il
distribution x dominales distribution y in a Firsy order sense,
all decision makers prefer x to y; if distribution x dominades

distribution y in a second order sense, all risk averse decision

makers prefer x to y. In most cases this reduced the number of
treatments to be considered, bul usually more tLhan one treatment
remained. Without further knowledge of or assumptions regarding
the risk preferences of the farmer, we cannot gsay with certainty
which of the remaining treatments would be preferred.

Analysis is crude and preliminary. In particular, data from

1980/91 trials should be helpful in casting further light on some -

outstanding issues. Nonetheless, it is interesting to see how
the clear-cut yield advantages of fertilized hybrid maize do not
always translate into clear-cut economic advantage, depending on

the assumptions made.




Assumptions
Many different assumptions regurding prices and cosls can be
made. The assumptions used in the analysis are spelled out
below; in the actual analysis, the combinations ofl agssumplions
thought to be most realistic will be identified.

Yield Adjustments

" Since the trials were conducted on larmers’' fields with an
attempt to duplicate actual farmer condilions, reported yields
were only adjusted downwards by 5 percenl to accounl for possible
differences between trial yields and yields under farmer
conditions, before the economic analysis began.

Output Valuation

Oné common argument for the relatively slow uptake of hybrid
maize in Maiﬁwi relative to that in Zimbabwe or Kenya is that the
dent hybrids,‘because of their inferior storage and processing
characteristics under currenl farmer conditions, are not as
superior to local flinlL maize as yield ligures alone would
indicate. If this is true, farmers implicitly value harder
endosperm maize higher than maize with softer endosperm.

In the economic analysis, two different ways of capturing
the possibie difference in value were employed. First, the
common assumption was employed that for food deficit households,

local maize for consumption might be valued at the pricg at whiohi

the household would buy, not sell maize. Alternatively, yields
for treatments 3 and 4, for hybrid maize, were adjusted“downward'j
to represent processing losses. In certain cases, as will be

seen below, both assumptions (price differentials plus downward



yield'adjustmen£s for hybrid maize) were made.' This would résult
in the greatest discrimipation againgt hybrid maize and in favor
of local maize,

In the first instance of differential valualion, lh;ee
different types of household were envisioned. Household Type 1
is a food Qeficit household for which, al the margin, local maize
is valued at the buying, or consumption, price, and hybrid maize
is valﬁed at the sélling price, Household Type 2 is a food
deficit household that does not consider hybrid and local maize
any different; in other words at the margin bobth grain types are
valued at the buying price. Household Type 3 is a food surplus
household that again, at the margin, does not consider hybrid and
local maize any different; in other words both hybrid and local
are valued at the selling price,

In the analysis, for household Type‘l, local maize i; priced
at the 1989/90 ADMARC buying price of MK 0.32/kg plus MK 0.0Z/kg:
transport cost (because the true value of purchased maize at the
farm includes transport from purchase point) minus MK 0.02/kg

harvesting cost, for a net of MK 0.32/kg. Hybrid maize: is priced‘

at the 1988/90 ADMARC gselling price of MK 0.26/kg¢ minusg MK

0.02/kg transport cost (because the farmer is assumed to bear the_
coat of transporting maize from Lhe farm to the selling point)
minus MK 0.02/kg harvesting cost, for a net of MK 0.22/kg.

For household Type 2, both hybrid and local maize are priced
at MK 0.32/kg; and for household Type 3, both are priced at MK
0.22/kg. A summary of these pricing assumptions is shown in

Table 2.



Table 2
Output Price Assumptions for Economic Analysis
(Price in MK/kg) :

$

local -maize hybrid maize
Household Type 1 0.32 0.22
Household Type 2 0.32 0.32
Household Type 3 0.22 0.22

The second method of capturing the dilference in valuation
is to assume that the "true yield" of hybrid maize, when
converted to flour, is less Lhan Lhe "true yield" of local maigze
converted to flour because of storage and processing losses.
Under this set of assumplions, trial yields of hybrid were
reduced ‘by a further 25 percent to represent processing losses,
and the price of hybrid was reduced by MK 0.0I/kg'to reflect the

]
cogt of actellic dusl Lo counler stLorage losses.

Input Costs

Costs that varied by Lreatment included fertilizer, seed,
and labor. Hybrid seed was valued at the 1989/90 ADMARC price of
MK 1.40/kg for NSCM 41, plus an additional MK 0.02/kg for
transportation, giving- a total of MK 1.42/kg. The effects of the
current suEsidy on hybrid seed were not considered. Local seed
was valued at the grain price.

Fertilizer was assumed to come from DAP and urea. Under the
first assumption, prices used were the 1989/90 ADMARC prices,
with an additional MK 1.00/50 kg bag added for transporﬁation
costs. This would imply field pfices of roughly MK 1.658/kg N and

MK 1.20/kg P,0,. The second assumption was added to the analysis



so the effects of the current subsidies on DAP and urea could be
examined. Without subsidy, the field price of N would be roughly
MK 2.19/kg and the field price of P,0, would be roughly.MK
1.59/kg. It should be remembered, however, that the subsidy
roughly offsets the extra transportation charges caused by war in
Mozambique, and should Malawi’s optimum external transportation
routes be restored and fully utilized, future unsubsidized
fertilizer prices mightL be quite close to current subsidized
pPrices.

Finally, labor for fertilizer application was costed at MK

7.00/ha for both the 40-10 and 90-40 treatments.

Cost_of Operating Capiltlal

The farmer was assumed to require a minimum marginal rate of
return (minimum acceptable MRR) on operating capiﬁal of 100
percent. In other words, alL Lhe margin, each MK 1.00 spen: on
the next more expensive treatment had to return that MK 1.00 plus;
an additional MK 1,00 in order for the more expensive treatment =
to be considered. It is sometimes argued that the minimum
acceptable MRR in Malawi is 25 percent. This is well below
CIMMYT’s rules of thumb, in cases where MRR's are difficult to
calculate, of 50 percent for technologies that are not too
dissimilar to current technology, and 100 percent for
technologies that require larger changes in farmer practice. Yet
the same analysts often claim that small farmers in Malawi do not?
adopt new technologies because they are "too expensive," which

does not support the assumption of a low minimum acceptable MRR.

In the following analysis, a relatively high minimum acceptable




MRR was chosen to reflect the acute scarcity of operating capital
that many small farmers in Malawi face.

To ‘'make the analysis of distributiéns comparable Lo;Lhe
analysis of mean returns through partial budgel analysis, capital
costs were subtracted from net returns for each Lrealment before
returns distributions were compared. In other words, total costs
that~v§ry were subtracted a second time from net returns before
distributions were compared. (If the minimum acceptable MRR had”.
been assumed to be 50 percent, half of Lotal costs that vary
would have been subtracled from net returns before distributions

of net relurns were compared.)

Results
In total, the analysis could be carried out Quder 12 '
different scenarios, or combinalions of assumptions since 3 x 2 x
2 = 12. This is because there were three different assumptions |
about marginal valualion of local and hybrid maize; two different
assumptions about whether additional deductions should be made
from hybrid returns because of processing and storage losses; and
two different assumptions about fertilizer prices. . Some of these
scenarios might be more plausible than others, as will be argued
below, but results for all scenarios are described in Table 3.

For each scenario, the treatment picked as best by the partial
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Table 3

Partial Budget and Distribulional Analysis of Net Returns

HOUSEHOLD 1

[N

no deductions for
processing/storage

‘.

further deductions
from hybrid returns
for processing/
storage

fert.
subsd.

fert.
unsbsd.

mean analysis

local maize with
fertilizer

stochastic dominance
analysis

only fertiljized local &
fertilized hybrid

fertilized hybrid brings

best returns but considerably
more downside risk

mean analysis

local maize with
fertilizer

stochastic dominance
analysis

only fertilized local
& unfertilized local

very little to choose
between the two

mean analysis

local maize with
fertilizer

sltochastic dominance

ananlysis

only lertilized
local

mean analysis

local maize with
fertilizer

stochastic dominance
analysis

only fertilized
local & unfertilized
fert. local looks
only slightly better
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HOUSEHOLD 2

no deductions for
processing/storage

D D o = A = = e . = e o e -

further dedyctions
from hybrid«returns
for processing/
slorage
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fert.
unsbsd.

mean analysis

hybrid maize with
fertilizer

stochastic dominance
analysis

only fertilized hybrid,
unfertilized hybrid, &
fertilized local
fertilized hybrid gives
very high returns, but
slight downside risk.

mean analysis

hybrid maize with
fertilizer

stochastic dominance
analysis

only fertilized hybrid
unfertilized hybrid, &
unfertilized local
fertilized hybrid gives
very high returns, but
some downside risk.

mean analysis

local maize with
fertilizer

gsLovchaslic dominance
analysis

only fertilized
local & fertilized
hybrid

fertilized hybrid
brings higher
returns but consid-
erubly more downside
risk.

mean analysis

local maize with
fertilizer

stochastic dominance
analysis

only unfertilized
hybrid, fertilized
local & unfertilized
local, no clear
pattern ’




HOUSEHOLD 3

no deductions for
processing/storage

further deductions
from hybrid returns
for processing/
storage

T W M o S SN SN Sm A S TR A S G MR E D WD e e m mm am M m mm e G e am e S e M e T em S MR mm e M e S B AR SR am 4w M A M AR B e W e W e e
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mean analysis

hybrid maize with
fertilizer

stochastic dominance
analysis

only fertilized hybrid,
unfertilized hybrid, and
unfertilized local.
fertilized hybrid very high
return, but considerable
downside risk

mean analysis

local maize wilh
fertilizer

stochastic dominance

only unfertilized
local

fert.
unsbsd.

mean analysis

hybrid maize without
fertilizer

stochastic dominance
analysis

only unfertilized hybrid
and unfertilized local

unfertilized hybrid generally

better but slightly more
downside risk

mean analysis

local maize without

fertilizer

stochastic dominance

analysis

only unfertilized
local

PR 3 TN



budget analysis is« liuted under the heading "mean analysis.” The
treatments that are égL eliminated by pairwise first and second
order sgochastic dominance criteria are listed under Lhe heading
"stochagtic dominance analysis." I; addition, some further brief
interpretative comments based on visual inspection of the

distribution of returns are listed there.

FooduDeficit Houséholds—-Curvent

It will be argued here that food deficit households do
currently value dent hybrids dilferently Lhan Lhey do [lint
locals. The most realistic combinations of assumptions may be
either those listed in Table 3 under household 1, no deductions
for processing/storage, lertilizer subsidized; or household 2,
deductiohs for processing/storage, lertilizer subsidized., In Lhe
first case prices are dilferent for local and hybrid; in Lhe
gsecond case yield deductions are made [rom hybrid maize Lo
reflect processing and storage losses. In both cases partial
budget‘analysis, based on mean yields, suggests of the four
treatments, local maize wilh fertilizer will be preferred.

Risk analysis eliminates both unfertilized local and
unfertilized hybria‘tréatments from consideration, as both are
dominated by fertilized local. When the two remaining
treatments, fertilized hybrid and lertilized local, are compa}ed,
there is a greater chance of getting both the highest and the
lowest returns with hybrid; another way of saying this would be
to indicate that though hybrid can bring relatively high returns
to the food deficit household, there is significant downside risé'

in using hybrid.




Another question could be asked would be "Would the food
deficit household that cannot afford any fertilizer prefer to
grow loc¢al or hybrid?"” This comparison could be made by

considering only the unfertilized treatments. Here Lhe two sets

of agsdmptions {household 1, no deductions, or household 2 with
deductions) lead to different results. With the pricing
assumptioné used for household 1 and no yield reduction
assumptions, partial budget analysis predicts this household
would prefer unfertilized local Lo unfertilized hybrid; and the
distribution of returns for unfertilized local dominates Lhe
distribution for unfertilized hybrid in Lhe second order sense.
With yield reduction assumptions and the pricing assumptions used
for household 2, partial budget analysis predicls the household
would prefer unfertilized hybrid to unfertilized iouhl. xhe
distribution of returns is slightly betler for unfertilized
hybrid over much of the range, but there is also slightly more
downside risk with unfertilized hybrid. Under bolh sets of
assumptions the distributions for unfertilized hybrid returns and
unfertilized local returns are fairly close.

All of these ‘assumptions predict what farmers might choose
to do at éhe margin, in other words what they would do if they
could add a little more land in a given technology. Given the
complications of household decision making in rural Malawi, some .
households may choose to grow both local and hybrid maize. In |
this case one might ask the question "Should the maize be
fertilized at the recommended rate?" This question might be

answered by comparing the returns for the fertilized local



treatment to thé unfertilized ldcal trealment, Qnd by compa?iﬁg
the returns for tﬁe fertilized hybrid treatment Lo the
unfertilized hybrid treatment.

For both sets of a;sumptions we have been couslderi;g here
to represent the food deficit household most accurately, analysis
basea on means.indicates that for both local and hybrid,
fertilization at the recommended rate is superior to nol
fertilizing. For local, risk analysis still unequivocally
supportse the recommendation of fertilization. For hybrid,
fertilization at Lhe recommended rate does in general bring much
higher returns than not lertilizing, but there is greater
downside risk with fertilizalion. [n other words based on these
trial results, lood deficit households who chouse Lo grow local
should certainly fertilize it if they can afford to; food deficit
households who choose to grow hybrid should also fertilize‘it. ﬁ@
but they should be aware that they do face a significant risk of}
lower than average, even negative returns.

Finally, one might consider a different kind of food deficit
household, one that discriminates against dent hybrid both
through the pricing assumption and the vield reduc?ion
assumption. As expected, this household would hardly consider
growing hybrid maize. It would, however, probably choose to.
apply fertilizer to its local maize at the recommended rate if it
could afford it. If for some reason it did choose to grow hybrii
despite its apparent disadvantages, however, it would piobably N
choose not to fertilize it, as the combination of high costs of::

L
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inputs and implicitly low value of oulput would make
fertilization unattractive.
Food Surplus Households-=--Current .

[N

Food surplus households that sell maize might be

characterized by two different sets of assumptions. If at the
margin all Sufplus maize is sold to ADMARC at the ADMARC price,
the food surplus household is probably besl described as
household 3 (same price, the selling price, for both local and
hybrid maize) with no deduclLions made for storage or processing
losses. 1If a food surplus household sells surplus hybrid maize
to ADMARC, but can receive a higher price for local maize, it
might possibly be described as household 1, with no deductions
for sto;age.or processing.

Under the first set of assumptions the food surplus |
household would choose, at the margin, to grow fertilized hybrid.
maize based on mean analysis. Risk analysis as defined above
only eliminates fertilized local maize from consideration. Of
the three remaining returns distributions, fertilized hybrid’does
in general give much higher returns, but there is considerable
downside risk with fertilized hybrid as well. Under the
realiatic assumption that even the food surplus household would
choose to grow loéal maize, both mean and distributional analysiq
indicate the somewhat surprising result that at the margin, it
would be preferable not to fertilize this local maize. This is:?
because additional local maize would be offered for sale at the

relatively low ADMARC price. The additional yield from

.



fertiiizing local_maize would not, in Lhis inslance, be
sufficient to cover the cost of the lertilizer.

Under the second set of assumptions, thal is thal the
surplus household could sell local maize at a higher price, the
resu;ts of the analysis become identical Lo those in vne of the
food deficit cases considered in the previous section and rather
differgnt from thoese just listed. At the margin, the household
would prefer growing local maize with fertilizer by analysais
based on mean yields. When (he distribution is considered, it
indicates that fertilized hybrid does bring higher returns but
that it also brings returns thal are considerably lower than
those from fertilized local.

The fact thal it is diflicult Lo observe surplus producers
offering a great deal of local maize on the markeﬁ, while %hey do
offer hybrid maize, even Lhough iL appeanrs local maize i8 more
highly valued, indicates that neither set of assumptions above
may adequately capture the market and institutional setting
facing the surplus producer. If we do use the data to ask the
relatively simple question of whether the surplus producer who is
growing hybrid should fertilize it, the answer under both set of
agssumptions is "yes;" although fertilizing hybrid as usual
creates considerably greater risk at the low end of the

distribution. .

-Bffects of the Fertilizer Subsidy Under Current Assumgt@ons
"t.:Nutrient—grain price ratios in Malawi are relatively high,
even by African standards. The importation of high analysis

fertilizers and the subsidies still applied to these high



analysis fertilizers has reduced the impact somewhat at the farm
level. Without géing into the macroeconomic pros and cons of
fertilizer subsidies, we will consider here briefly Lhe.farm
level impact of removing Lhe subsidy from high analysis
fertilizers. The assumptions regarding the differences between
flinﬁ localg and dent hybrids made in the previous sections still
hold.

The food deficit households of the types just considered
would probably still prefer to grow fertilized local maize,
although the advantage over unfertilized local becomes less than
in the case of the subsidy. Fertilized hybrid maize becomes the
least likely option to the food deficil households under these

assumptions.

The food surplus household that sold both local and hybrid
[]

maize at prices close to the ADMARC price (after adjustments for

harvesting and storage, as we have always maintained here) would
now probably prefer at the margin to grow hybrid maize without
fertilizer. If this household continued, as is likely, to grow
local maize, it would also choose not to fertilize it.

If, alternatively,. the food surplus household could sell
additional local maize at a higher price it might choose to
fertilize local maize.

In other words, for many different kinds of households a
removal of the fertilizer subsidy would make it less likely that
they use fertilizer, as expected, although they might still
fertilize local maize depending on how highly they valued it.

The use of hybrid maize would also in all likelihood be reduced.



Food Deficit Households--No Difference Between Hybrid and Local

Now we shall assume Lhat new hybrids become avallable that
are comparable in their storage and processing characteristics to
farmers' current varieties, and thai farmers no longer
differéntiate between local and hybrid in terms of value. In
this case the food deficit household would be most likely to be
represented by Household 2 (same high price for hybrid or local),

no reductions for processing or storage, and with fertilizer

subsidies. In this case mean analysis predicts the household
would choose hybrid maize with fertilizer. Distribution analysis
eliminates unfertilized local. Fertilized hybrid does in general

give very high returns, although tLhere is slightly more downside
risk involved in the use of fertilized hybrid.

Food Surpluanouseholds——No Difference Between Hybrid and Hocal

If consumers and the market no longer make any implicit or

explicit differentiation between local and hybrid maize, the

. 8ituation of the surplus producer would be like the first kind of

surplus producer considered above. This farmer would face a
lower price at the margin for any kind of maize than would the
deficit producer. Hé would choouse fertilized hybrid maize based
on analysis”of the means; distribution analysis eliminates only
unfertilized local in this case. Fertilized hybrid would carr&
with it considerable downside risk, however, more so at the
margin than for the deficit producer because of the lower value

of the output,



Removal of Fertilizer Subsidies--No Difference Between Hybrid and
Local '

L]

If subsidies were removed in a situation where Lhere were no
~
differences perceived between hybrid and local maize, Lhe deficit

prodhcer might continue to fertilize, because of the higher value

of maize to such a producer. The surplus producer, again,
somewhat ironically, might not. However in this case both types
of producer would continue to prefer hybrid maize. The effects

of the subsidy removal would be more likely only to affect use of
fertilizer, and not to affect use of hybrid maize, if tLhere were
no perceived differences in processing and slorage between the

two.

Conclusions

The economic analysis indicates that despite the clear yield
advantages from planting hybrid, and the clear yield advantages
from using fertilizer, what farmers actually might prefer to do
rests on a number of assumptions. Clearly the currently accepted
preference for local maize, probably due Lo processing and
storage considerations, can quite justifiably make‘farmers
reluctant to use tbe recommended seed-fertilizer technology.
This reemphasizes the importance of developing high yielding
varieties thal are acceptable to farmers for home storage and
consumption.

This varietal preference also affects the fertilization
decision, under current conditions. In particular, food deficit

‘households who can afford the fertilizer are likely in many casqél

-
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