





TABLE 12. APPROXIMATE COSTS OF APPLYING NITROGEN FERTILIZER TO SMALL GRAINS
IN SEMI-ARID AREAS OF TURKEY AND MEXICO .

Product

Method of Application
Market Price of Product-a—/
Cost of Transport

Field Price of Nitrogen (includes
transport)

Cost of ApplicationP—/
Cost of Fertilizer + Application'

Total Cost with 50 percent cost
of capital

Market Price of Wheat/Barley

Field Price of Wheat/Barley (20 percent
less for harvesting, threshing ~
transport)

Field Price of Straw

Field Price of Grain + Straw (Grain
Price + Twice Straw Price)

Crude Price Ratio (Market Price
N/Market Price Wheat)

Actual Price Ratio (Total Cost N

WHEAT IN BARLEY I3
TURKEY MEXICC
(ANATOLIAN (HIGH
PLATEAU) PLATEAL)
Ammonium Nitrate (26%N) Urea (U46%N)
Machine Broadcast
TL 1.5/kg P 3.2/kg
n.a. .2/kg
TL 5.8/kg P 7.4/kg
TL 200 per S50kgN P 50 per 50kgN
{ TL 9.8/keN P 8.4/kgN
! L)
. TL 14.7/keN P 12.6/kgN
{ TL 2.75/kg P 3.0/kg
©TL 2.2/kg P 2.4/kg
| TL 0.7/kg P 0.1/kg
: 3.6 2.5
i
' 2.1 2.3
4.1 5.0

Applied/Field Price Wheat + Straw)

]

§—/Expnessed in local currencies - Turkish Lire (TL), Mexican Peso (P)

E/Macha.ne contractor in Turkey and

Source: Turkey -

in Mexico
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Figure 3b

Predicted Effect of Rainfall and Price of Nitrogen on Nitrogen Use in
South Australia. Figure 3a. The solid lines are breakeven lines for
profit-maximizing and risk averse farmers. That is for combinationc
of price of nitrogen and raintall to the right of these lines farmere
would use nitrogen. The box shown by the dotted lina shows rolorin”
combinations of prices and rainfall for SAR's. Figure 3b. Gows i
optimal level of N for varying rainfall for two prices of nitrosen.
Farmers necd to apply about 20 kg of nitrogen to cover a fixed cost
of application of 33 kg wheat.



line in Figure 3a represents the rainfall dnd nitrogen cost combinations
commonly found in semi-arid wheat areas. To the right of the solid lines
are combinations of rainfall and nitrogen prices at which it is profitable
to apply nitrogen. Significantly, at a low rainfall and with favorable '
nitrogen prices, it is still profitable to apply nitrogen under favorable
nitrogen prices. With unfavorable nitrogen prices, rainfall must increase
to at least 430 mm before nitrogen application becomes profitable. These
figures then support the fact that farmerd decisions on whether to use
nitrogen in semi-arid areas will be quite serisitive to the prevailing
wheat/nitrogen price ratios and to average annual rainfall.

However, the above analysis considers only profitability and ignores risk.

Most fertilizer studies show a strong positive interaction between rainfall and

nitrogen response. In the extensive South Australia studies presented above,
nitrogen response in dry years was negligible and in some years and sites with
a hot sl;m'ng, grain yields were depressed by nitrogen application (Russell,

1
1968) .=

We predicted that farmers with average risk aversion would use about

e e 21

25 percent less nitrogen than fi imizing farmer in lower rainfall

areas .~ Moreover as shown in Figure 3a, the set of rainfall and nitrogen

wheat price ratios in which farmers would use nitrogen is reduced substan-

tially and risk averse farpers in the lowest rainfall areas would no longer
apply nitrogen fertilizer even at the more favorable prices for nitrogen.

Results from scattered fertilizer experiments elsewhere also indicate
the substantial risk in applying nitrogen to wheat. In the last ten years
of fertilizer experiments on dryland wheat in Jordan, reported in Duwayri
and Saket (1978), less than half of the experiments seem to show an economic
response to nitrogen. Data from areas of Tunisia with less than 500mm annual
rainfall and with a total cost of one kg of nitrogen equivalent to 5 kg wheat
indicate on average an economic response to nitrogen upto 66 kg/ha. However,
in two out of the five years, represented in the data, farmers would be
better off by applying only 44 kg/ha of nitrogen. The possibility that

1‘-/}bwever', straw yields were not adversely affected which lessens risk in
areas where straw has a high economic value as forage.

2/

= Risk aversion is often measured by farmers' willingness to trade-oif expectec

profits with a measure of risk,usually standard deviation of profits
(Anderson et al, 1977). We used a value of 0.5 which has been derived in
several studies in LDC's (e.g. Scandizzo and Dillon (1378)).
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farmers would lose money from nitrogen application in dry years represents a
significant risk to farmers. We calculated from the South Australian data
that even at favorable nitrogen prices (1 kgN costing 2 kg wheat) farmers
would lose money one year in three from nitrogen use in the low rainfall
areas (less than 300 mm annual rainfall) but only one year in seven in the

higher rainfall areas (500 mm annual rainfall).y

Farmers, and especially smaller farmers, generally attempt to follow
mangement strategies which reduce risks even if these strategies imply lower
expected profits. In this case, to some extent, farmers can avoid risks by
splitting nitrogen application with perhaps a moderate dose applied at planting
and a second application applied depending on stand establishment and available
soil moisture. Also phosphorous application is considerably less risky since
it may give a response even in dry years (Russell, 1968) and residual phospho-

rous can be carried over to the next season.

In summary, fertilizer use and particularly nitrogen use, given current
farmer prices for fertilizer seems to be profitable even in the lowest rain-

fall wheat areas although risk may be a severe deterrvent to nitrogen use in

L

these areas. Moreover fertilizey can be broadcast by hand independently of
machine availability and is therefore particularly appropriate to small far-
mers. While fertilizer use has increased rapidly in some SARs (e.g. the
Anatolian Plateau of Turkey), average rates of use both nitrogen and phospho-
rous are usually below 10 kg nutrients per hectare in the countries of the
SARs (FAO, 1978).

Tillage Practices —- Tillage practices are important in moisture conservation,
weed control, and stand establishment. FExtensive experimehtation in the Ana-
tolian Plateau of Turkey has demonstrated a substantial yield advantage of over
500 kg/ha from early tillage followed by a clean fallow to conserve summer
moisture. However, the use of weedy fallow for livestock and the high price
of forage resulted in only 27 percent of farmers adopting this practice in
1975/76 compared to 58 percent who were using herbicides (Mann, 1977). The
partial budget in Table 13 shows that when the forage value of weed and straw
is taken into account, the bénefits of early tillage were negligible at that
time. However, after 1975 ado.ption of other elements of the technolpgical

1/ These risks are somewhat lower if only risks of losing cash costs of nitrogen
use are considered. :
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TABLE 13. ADDED BENEFITS AND COSTS OF FARLY TILIAGE

"IN TURKEY TN 1975

Added Benefits

Added yield in experiments 0.60 tons/ha
Added vield in farmers fields , 0.54 tons/ha
(90% experimental yield)
Added straw yield (twice grain yield) 1.08 tons/ha
Market price of wheat TL 2.75/kg
Field price of wheat (less 20 percent TL 2.20/kg
for harvest costs)
Field price of straw TL .90/kg
TOTAL ADDED BENEFITS TL 2,160/ha
L
Added Costs
Weed Yield foregone (dry matter) 2.00tons/ha
Price for weeds (approximate) TL 1.m0/kg
Foregone value of weeds TL 2,000/ha
Extra cultivation to clean fallow TL 150/ha
TOTAL ADDED COSTS TL 2,150/ha

a—/P’bnetary units are Turkish Lire (TL)
Source: Mann (1980)



package and the use of bailersto conserve straw has apparently increased the
value of early tillage and led to widespread adoption of this practice.

A second difficulty with improved tillage operations in the short run
is the need for additional power to be available in a timely fashion. A
recent survey in the semi-arid barley area of Mexico's high plateau shows
substantial differences in tillage practices among owners and renters of
tractors. As shown in Table 14, tractor owners plough earlier, harrow more
‘frequently and plant earlier than tractor renters. To some extent the later
ploughing of tractor renters reflects the fact that many small farmers (who
are largely tractor renters) graze straw residues while large farmers bale
straw to sell. But even allowing for this difference, tractor renters have
difficulty obtaining tractor services in the short time when moisture is
suitable for either primary or secondary tillage; on average there was a
12-day lag from time services were requested until delivered. However,
there is evidence that with increasing numbers of tractors in the area (and
virtual disappearance of animal power) the timing and intensity of tillage

operations among tractor renters is improving.

TABLE l_li'_ COMPARTSON ~OF TTLLAGE PRACTICES OF BARLEY PRCDUCERS WHC RENT
TRACTORS AND WHO OWN TRACTORS IN THE CINTRAL VALLEY, MEX3CO.

Tractor Tractor
Renters Owners
Percent plough immediately after harvest 17 33
Percent plough on iptermittent dry season '
rainfall 49 57
Percent plough after beginning of rainy
season 3u 11
Percent do zero or one pre-planting culti-
vation. 68 38
Percent do two or more pre-planting culti-
vations. . 32 62

Source: Byerleec et. al. (19809
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Farmers Adoption of Improved Production Packages -- We hypothesized at the
beginning of this section that farmers in SARs would generally follow an
adoption sequence initially emphasizing divisible inputs - chemical weed
control followed by fertilizer use and variety - accompanied by gradual
imp‘rovement of practices such as tillage methods which are dependent on

increased availability of power and machinery.

In fact evidence from semi-arid areas in which rapid technological
change has taken place support this type of adoption sequence. Table 15
.shows that for the Turkish Anatolian Plateau in 1975/76 the rates of
adoption were highest for seed treatment followed in descending order by
drilling and phosphorous use, herbicide application, spring nitrogen appli-
cation, early plowing and additional tillage. It is likely that the nunber
of herbicide users would have been higher had there not been a shortage of
herbicides. The cross-tabulation of practices used shows where important
interactions occur. It is significant that nearly all farmers who used
nitrogen fertilizer also applied herbicide but only 20 percent of nitrogen
were growing high yielding varieties which were not widely available at the

time.
TABLE 15; ADOPTION OF SELECTED PRACTICES IN WHFAT
PRODUCTIOI\! II‘\‘I ANKARA PROVINCE,TURKEY, 1975-76.
_ Practice
Treated Herbicide Drilling (and Plough Nitrogen High
Seed phbsphorous early Yielding
use) Variety
(Percent farmers who use practices)
All farmers 92 58 70 27 43 12
Farmers applying nitrogen 97 8ht 71 37 100 20
Farmers ploughing early 100 65 93 100 60 24
Farmers using HYV 100 8u4 100 - 5B 68 100

Source: Mann (19775
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Evidence from other SARs also shows that herbicide is likely to be
adopted before nitrogen fertilizer. In the semi-arid upper plateau of
Mexico the adoption of 2-4, D herbicide use, fertilizer (mostly nitrogen),
and planting with a grain drill are shown in Figure 2. Use of 2-4, D rose
very rapidly from 1968-1975 closely followed by nitrogen fertilizer use.
Adoption of grain drilling has been much more gradual and was only used by 40

percent of farmers in 1979.

Cases of non-adoption of practices are usually associated with un-

' profitability, risk or lack of availability of relevant inputs. After an
extensive demonstration program over seven years in semi-arid wheat areas of
Jordan (250-400 mm rainfall) adoption of the 'package' was low. The package
consisting of four operations for land preparation to provide clean fallow,
drilling, nitrogen and phosphorous application and 2-4, D use, raised yields
by an average of 650 kg/ha or 50-70 percent over farmers practices (Schmisseur,
1976). However, the yield increase required to cover cost is close to 700
kg/haL/ and this was only achieved in 6 of 23 villages in five seasons in
which the demonstrations were made. However, in the somewhat better rainfall
areas, the use of 2-4, D combined with nitrogen and phosphorous application
was profitable in almost all casesz—/ (Gotsch, 1680). This experience shows
the need to disaggregate "technological packages" on the basis of on-farm
agronomic research prior to reaching the demonstration stage.

RESEARCH AND POLICY ISSUES

Increased wheat production in semi-arid areas will come about through
applied research to developA technologies appropriate to farmers in the area,
combined with availability of inputs and price incentives to implement these
technologies. In this section we offer some evidence and recommendations

for each component.

-]-‘—/’Ihese results are somewhat more negative -than found by Schmissepr (1976)
because we have used a higher cost of capital (25 percent) and included
harvesting costs (10 percent). The forage value of wecdy fallow was not

" considered by Schmisseur.

yThese demonstrations were conducted under improved land preparation o the
response to fertilizer use may be somewhat higher than farmers would obtain.



29

Agritultural Research -- We have already emphasized the importance of manage-

ment in increasing wheat yields in semi-arid regions. While we have made _
some generalizations about the type of technologies and sequences of adoptién
of technologies in semi-arid areas, we stress that much rescarch is needed to
adapt these technologies to the specific climatic, soils and economic
circumnstances found in each semi-arid areas.

Our review of agronomic research in the SARs of the Middle-East and
"North Africa indicates that, with few exceptions such as Turkey, there has
been very little agronomic research and in particular agronomic research
aimed at representative farmers. Much of the agronomic research has been
conducted on experiment stations which usually do not represent conditions
in farmers' fields, and even where research has been conducted in farmers'
fields we have the impression that it has not been aimed at representative
farmers - often the small resource-poor farmer. TFor example, in Algeria,
extensive fertilizer trails were conducted in farmers' fields in the early
1970s' In the dry upper plateaus of Algeria, the average yield in the check ,
plot without fertilizer over five years of trials was over 2 t/ha (FAO, 1976)

in a region where farmers average yields are 0.5 t/ha or less, indicating that
either nonrepresentative fields were used or that the underlying agronomic prac-

tices were very different to what farmers are likely to use in the immediate future.

In addition, there is also a shortage of farm-level economic studies
in the region to provide a knowledge and understanding of farmers' existing
system. As a result there is a serious lack of information on such questions
as constraints on improved tillage operations, cperation of tractor hire
schemes, crop-livestock interactions, farmers' cash flows in relation to
needed inputs and farmers' per\;;eption of risk and the influence of risk on

their choice of management practices. ’ TN

We believe an important means of increasing the relevance of research
to farmers is through programs of area-specific on-farm research. We have
elsewhere described procedures developed by CIMMYT for conducting such
research and only summarize its main elements her'e.-l—/ As sixown in Figure U4,
on-farm research ezppl:xasizes the collaboration of agronomists and economists

to identify and understand the circumstances of farmers through farm surveys

ySee Winkelmann and Moscardi (1979), Byerlee, Collinson et al (1980), and

CIMMYT Wheat Training (1979).
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Figure 1. Overview of an Integrated Research Program
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and/or informal intcrviews with fammers who are the target of the rescarch.
This helps to more clearly focus experiments in farmers' fields by identifying
key constraints to increased production as well as those technologies for .
overcoming these constraints which best fit farmers' goals and resources.
Although on-farm research usually has an immediate objective the formu-
lation of recommendations appropriate to farmers, we are increasingly finding
that the process of working in farmers fields in communication with farmers
provides valuable guidance to experiment station research and to policy for-
mulation. '

Implementation of effective on-farm research programs in the region
will require greater resources for agronomic research and involvement of
economists in the early stages of research design. This implies some
restructuring of agricultural research institutes, (many do not currently
employ economists), and appropriate incentives to ensure the implementation

of such farmer-oriented research.

It might be argued that payoffs to scarce research resources may be ¢
higher if invested in higher rainfall areas than semi-arid areas. To some
extent this is true. Yields in the better rainfall coastal areas of Turkey
increased by 4-7 percent from 1861-76 compared to 2-3 percent in the semi-
arid central plateau. In Algeria the experimentation/farmer yield gap in
1979 in drier areas was a little over one ton/ha compared to a gap of over
2 tons/ha in higher rainfall areas. However the very size of the semi-arid
wheat area and the number of pgople dependent on wheat in these areas is
‘alone justification for research aimed at these areas. In many cases it may
also be possible to allocate research resources so that there are spinoffs A
to semi-arid areas. For example, a research strategy focused on the inter-
mediate rainfall areas of North Africa may have high payoffs to those areas
as well as significant spinoffs for the semi-arid areas. On the other hand
research aimed at higher rainfall areas may have little relevance to the

semi-arid areas.
Finally, increased research efforts must be accompanied by expanded

demonstration and extension programs to make research results available to
farmers. This is particularly the case for the introduction of chemical
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inputs such as fertilizer and herbicides which require considerable knowledge
on type of product, dosage and method and time of application in relation to

climatic conditions.

Price Incentives for Wheat Production in Semi-Arid Areas -- From several
sources (including our own observations) we have assembled in Table 16 some
producer prices which seem to be consistent across various sources. Prices
of wheat are quite variable by country. Assuming that over the last five

" years, it has cost from US $150-200/ton to land imported wheat in North
Africa/Middle East, domestic wheat prices are somewhat lower than world
prices in some countries such as Tunisia and much higher in others such as

Algeria.
TABLE 16: APPROXIMATE PRICES RECEIVED BY FARMERS FOR iWHTAT
AND PAID BY FARMFRS FOR NITROGEN FERTILIZER BY
COUNTRY

Country Year Pr*slijge of Wheat Price of Nitrosen Ratio Price
. /ton. $US/Ton N of Nitrocen

Middle Fast/North Africa - = oot
Algeria 1980 345 345 1.0
Tunisia 1977 135 350 2.6
Jordan 1979 330 465 1.4
Syria 1977 182 496 2.7
Turkey 1979 125 270 2.2
Afghanistan 1978 130 420 3.2
Iran 1978 200 300 1.5

Other Countries
India 1979 154 400 2.6
Pakistan 1979 114 " 333 2.9
Australia 1980 159 632 4.0
U.S.A. 1980 154 406 2.6

¥ 5

Sources: Assembled from USPA (1979), FAO (1378) and our own personal
interview with faxmers in various countrics.
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Relative prices are more useful than absolute prices in comparing
incentives for wheat production. On the one hand input-output price ratios
are indicative of incentives for more intensive management. In Table 16 we
show price ratios of nitrogen fertilizer to wheat. Significantly, for most
Middle East/North Africa countries, price incentives for nitrogen use are
quite strong relative to irrigatéd wheat areas such as India and Pakistan
and especially strong when compared to large wheat producers such as Australia
and the U.S.A.

The cost of nitrogen in terms of wheat is kept low by high support
prices for wheat (e.g. Algeria) and/or government subsidies on fertilizer
prices. Subsidies in 1976/77 for nitrogen fertilizers were 40-50 percent of
farm gate prices in Iran, Syria and Turkey in 1976 and 20 percent of farmgate
prices in Tunisia (FAO, 1978). Subsidies on fertilizer can be justified for
various reasons. Purely on an economic efficiency criterion, subsidies may
be used to induce farmers facing risks and capital scarcity to use fertilizer
at levels nearer to socially optimum levels than they could otherwise use.
For example, using the nitrogen response data of Figure 3, a subsidy of 50 ¢
percent would be needed to induce risk averse farmers to use fertilizer at
a socially optimum level .that maximizes profits (regardless of risks) at a
social cost of capital ef 20 percent. Moreover, a subsidy program is usually
more efficient and easier to édminister than a credit program to overcome
capital scarcity, or a crop insurance program to counter risks.

The second set of price relation keeps affecting wheat production is

_the relationship between the price of wheat and competing farm activities.

In the semi-arid areas, the main competing activity is livestock, especially
sheep. Evidence on meat/wheat price ratios is very scanty. Roughly we have
estimated that at the farm level one kg of live mutton is valued at about 55
kg of wheat in Tunisia, 45 kg of wheat in Algeria and about 15 kg of wheat in
Soﬁth Australia. That is, in countrigs of the Middle East and North Africa
the price of mutton relative to wheat is three times as high as in Australia.

Partly because of oil and gas production, the North Africa/Middle East
area is on the whole, a region of rapidly rising per capita incomes. It is also
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a region of high population growth rates relative to other regions at compa-
rable stages of development. Increasing incomes and population are likely tq
increase the price of meat relative to wheat. A recent Oregon State Univer- '
sity report estimates that the demand for meat in the North Africa/Middle East
is growing at 8 percent per annum because of a high propensityv to increase
meat consumption with rising income. At the same time, meat production is
rising at only 3 percent per annum leading to upward pressure on meat prices.
0f course wheat demand is also outstripping supply, but as we have seen this
is being met by large increases in wheat imports. On the other hand, tréns-
portation and handling costs for meat imports are much higher. Even so,

meat imports to North Africa and the Middle East have increased in recent
years, particularly from Australia and New Zealand. These crop-livestock
interactions add considerable complexity to policy decisions on increased
wheat production that demands a thorough analysis of alternative strategies
of domestic forage production, medic-ley farming and imports of feed grains
and meat to relieve pressure on meat prices.

Input Availability -- In addition to price incentives, reliable and accessible
pyoduct and input markets are needed to induce increased wheat production.

Our impression is that in the case of wheat, reliable product markets are
usually less of a problem than input distribution problems. This impression
is reinforced by contrasting the experience of Algeria with that of Tunisia.

Price policies apparently are more favorable to Algerian wheat, e.g. nitrogen
costs in Tunisia are roughly 2.5 kg wheat and 1.0 kg wheat in Algeria while
the cost of sheep, in terms of wheat, is lower in Algeria than in Tunisia.
Even so, the annual change in yield in Tunisia is notably larger than for
Algeria. ‘

The problem with input distribution varies. Fertilizer often suffers
from a limited number of distribution points, particularly if distribution is
handled by the public sector. For the small farmer, the transport cost of
bringing the fertilizer to the farm may be a severe deterrent to fertilizer
use. Herbicide, on the other hand, is not a very bulky item. However,
sprayers -- either tractor or backpack -- as well as the herbicide must be
available for herbicide application.
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Availability of machinery to small farmers usually depends on the establish-
ment of a rental market. In Turkey and the upper plateau of Mexico this has
largely been established by the private sector - entrepreneurs specialized in
machinery rental or medium to larger farmers who rent machinery to small
farmers after completion of work on their own farms. In both cases the levels
of mechanization even on small farms has risen very rapidly. For example the
nunber of tractors in operation in Turkey more than doubled from 1968-1976.
Research too can help rationalize machinery import policy. For example, in
Algeria Nelson (1980) has shown that heavier combination drill-cultivators from
Australia give substantially superior results to those of conventional European
models.

CONCLUSIONS

From Morocco to Bangladesh, wheat production under semi-arid conditions
accounts for a significant proportion of the wheat sown. Average yields in
these areas are low. In most of the countries with large semi-arid areas
yield increases have generally lagged well behind population growth rates. ¢
Moreover, with expanding population and income, the demand for wheat, the staple
for food cereal, is increasing at 4 to 5 percent per annum, a large part of
which is being met by imports, For the Middle East and North Africa (excluding
Turkey, and Egypt) wheat imports had risen to 11 million tons by 1978 or from
14 percent of total consumption in 1963 to 31 percent in 1978. However, experience
of yield increases in SARs of developed countries, .and some SARs of developing
countries such as Turkey, and results from on-farm experiments and demonstrations
show the potential for increasing yields by 50 to 100 percent or more in most SARs.

There is ample evidence that farmers in SARs will rapidly adopt improved
technologies that fit their particular natural circumstances (soils and climate)
and economic circumstances (goals of increased income and risk aversion as well
as resource availability). There are relatively few farmer-level economic studies
on wheat technologies in SARs and most ignore important costs and benefits. Most
also ignore the crop-livestock interactions that influence farmers' decisions.
Nonetheless we have shown that some teghnologies such as broadleaf weed control
and fertilizer use are often appropriafe to farmers - particularly resource
poor farmers in SARs - since they can be applied by hand methods ir_ldependently
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of tractor availability. Some inputs such as nitrogen, are somewhat more risky,
but even these inputs seem to be appropriate except perhaps in the lowest rainfall
areas. Improved land preparation and moisture conversation also show promise

of increased yields but improvement may be slower if increased power and machinery
is required or weedy fallow is highly valued for livestock feed.

Increased farm-level agronomic and economic research at the local level
is needed to establish improved practices appropriate to farmers in each SAR.
.This requires additional resources expenditures by national agricultural research
programs for on-farm research, early involvement of applied economists in this
research and appropriate incentives to orient research to farmers. Research also
needs to be supported by strong demonstration and extension programs.

At the policy level, it appears that incentives to use improved management
practices are usually provided at least in terms of input/output price ratios.
However, expanded wheat area or use of wheat production practices such as early
tillage which compete with livestock are constrained by policies which keep wheat
prices low relative to livestock. Obviously, price incentives for input use
have little effect unless inputs are made available to a wide number of distri-
bution points in a timely way. It is in the area of management of input acquisition
and distribution that policy can play the largest role in improving wheat production
in SARs in the near future.
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