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Abstract
In Morocco, the adoption of recent improved wheat varieties is low, casting doubt on whether investments in wheat
research are paying off. This paper generates estimates of the returns to the national and international investment in
wheat research for Morocco. The benefits are estimated by applying the endogenous switching regression model to data
from a nationally representative sample survey of 2,296 wheat fields, whereas costs were estimated using data on public
and CGIAR (INRA-CG) investments on wheat research in Morocco. Considering all the benefits and costs of wheat
research investment in Morocco, we estimated a conservative benefit-cost ratio (BCR) of 19.64 with 623 thousand tons
(14.8%) of additional wheat supply from domestic production and net economic benefit of US$355 million. We also
estimated that institutional problems in the seed system identified by past research are causing the country to lose at least
746.6 thousand tons (17.7%) wheat production and net economic benefit of US$75.2 million. These results show that
despite the institutional challenges, wheat research in Morocco is still paying off and the country has sufficient incentives to
address the problems in the seed sector that prevent the development and uptake of recent varieties.

Keywords
Wheat, research investment, benefit-cost ratio, improved varieties, breeding program, Morocco

Introduction

Over the last two decades, the Moroccan National Agricul-

tural Research Centre—Institut National de la Recherche

Agronomique (INRA) has benefitted from increased govern-

ment spending on institutional capacity building. This heigh-

tened R&D investment has led to quantitative and qualitative

increases in personnel, equipment, and operational budget

for research. Particularly, during the last 10 years, the invest-

ment in the wheat breeding program of INRA has seen size-

able growth to reach an average annual budget of about US$

0.25 million (INRA, 2013). Despite the commendable

growth, the annual investment by the Moroccan government

in wheat research remains low, given the country’s large and

growing expenditure on wheat imports.

In 1977, INRA and the CGIAR represented by the Inter-

national Center for Agricultural Research in the Dry Areas

(ICARDA) and the International Maize and Wheat

Improvement Center (CIMMYT) established a joint wheat

breeding program (hereafter referred to as INRA-CG).

Since then, the Moroccan wheat sector has also benefited

from the expansion of international agricultural research,

the investment on which has reached an estimated US$400

thousand per year. Yigezu et al. (2019) reported that as of

2013, INRA-CG varieties covered 79% of total wheat

area—showing the importance of the breeding program

in the country. However, the same report showed that area

share of all nine varieties released by INRA-CG between

1993 and 1997 is only 20% while that of all 10 varieties
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released after 1997 was zero. This situation is casting doubt

that investment made on INRA-CG in the last 15 years is

paying off and whether the program is worth the continued

investment.

A recent study by Yigezu et al. (forthcoming) concluded

that both macro-level policy and institutional factors and

micro-level farm and farmer characteristics are important

in explaining the low diffusion of improved wheat varieties

in Morocco. The study identified institutional factors such

as overly stringent variety testing procedures, imbalance of

power among actors in the seed sector and ill-conceived

variety licensing contracts are limiting the ability of

INRA-CG to release new improved varieties and in getting

their seeds widely disseminated. Farm and farmer charac-

teristics, liquidity constraints, and imperfect access to new

seeds, sometimes associated with the institutional factors,

are also found important in explaining farmers’ adoption

decision for varieties the seeds of which are already in the

market. The question that requires an answer is therefore, in

the face of all these challenges INRA-CG is facing, are the

investments on wheat research in Morocco worthwhile?

In this paper, we try to provide an answer for the above

question by generating empirical evidence on returns to

investment on wheat research. We used historical data on

wheat research expenditure in Morocco for the cost side

and data from a nationally representative survey to generate

estimates of the benefits. One of the major strengths of our

paper is that it overcame a common limitation of past stud-

ies on returns to investment on crop improvement research

which used secondary data for estimating productivity

gains which often include gains from improvement in agro-

nomic practices. Our estimates of benefits came from the

application of the endogenous switching regression model

to data from a nationally representative sample of 1,230

households and all 2,296 wheat fields they cultivate. In our

analysis, we control for most of the important agronomic

practices that affect yield and cost of production. By so

doing, we estimated yield gains and cost savings that better

approximate that which come purely from varietal change.

The rest of the paper is organized as follows. The next

section presents the picture of wheat research and varietal

adoption. The third section describes the data generation

process, and the fourth section outlines the methods,

including the specification and estimation of the econo-

metric model used in the study. The fifth section presents

and discusses the model results. The sixth section provides

concluding remarks and recommendations.

Wheat research investment, output, and
varietal adoption in Morocco

The INRA-CG and various local and international private

companies have provided Morocco access to a wide range

of germplasm. As a result, 183 wheat varieties (58 from

INRA-CG and 125 from other sources including the private

sector) were registered in Morocco’s national catalog in

2015. Most varieties released by the parastatal seed com-

pany called Société Nationale de Commercialisation des

Semences (SONACOS) which controls 81% of the certified

wheat seed market and small private seed companies which

control the remaining 19% of the wheat seed market are

“obsolete” foreign (mainly European) wheat varieties

whose plant variety protection (PVP) has expired (Bishaw

et al., 2019; Lyamani et al., 2011).

While only 7 varieties were released between 1949 and

1981 (an average of 0.22 per year), since INRA-CG started

releasing varieties in 1982, an average of 5.5 varieties per

year were being released. Based on a nationally represen-

tative sample survey conducted in 2013, Yigezu et al.

(2019) reported that 40 wheat varieties were under cultiva-

tion in Morocco. 18 were of INRA-CG origin 9 of which

were more than 20 years old covering 59% of total national

wheat area while the remaining 9 were between 15 and

20 years old covering 20.4%. None of the INRA-CG vari-

eties under cultivation are under 15 years old.

In Morocco, wheat yield increased from a 20-year

average of 0.92 ton/ha between 1961 and 1980 to about

1.18 ton/ha between 1981 and 2000, about a 28% increase.

The improved wheat varieties developed and released by

INRA-CG are believed to have played an important role in

this achievement. Yields in the later period are still far

below the world average of over 3 ton/ha and the African

average of 2.3 ton/ha, reflecting the relatively harsh condi-

tions for growing wheat and hence the challenge for

research to push the yield frontier (FAOSTAT, 2019).

Low productivity, along with increased demand for

wheat, has made Morocco heavily dependent on imports,

which reached about 5 million tons in 2016 (FAOSTAT,

2019) and cost the country over US$1.75 billion. Despite

the high dependency on imports, wheat remains one of the

most important food staples in the Moroccan diet, con-

sumed as bread and couscous (CIHEAM, 2006). Therefore,

increasing productivity remains an important pursuit for the

Moroccan government.

In 2012 (the year for which household survey data for

use in this study was available), Morocco had about 7.69

million ha of land that was cultivated with 88 different

annual and perennial crops (FAOSTAT, 2019). In that year,

Morocco spent $147.3 million (only 0.49% of its agricul-

tural GDP) on agricultural research which is equivalent to

an average of only U$19.16 per ha of crop area (ASTI,

2019). The investment on agricultural research by Morocco

is less than the West Asia and North African (WANA)

regional average of US$29.85 per ha of crop area and the

US$21.26 research investment per ha in neighboring

Algeria. It is however higher than that of Tunisia, another

North African country which invested on agricultural

research only US$16.25 per ha (Table 1).

Despite the relatively low research investment in Mor-

occo, Bishaw et al. (2019) documented that 30 varieties

were submitted by INRA-CG for release between 1998 and

2012. However, only 10 had been released none of which

were cultivated by farmers as of 2012. Yigezu et al. (forth-

coming) and Lantican et al. (2016) concluded that while

many new varieties are being developed by INRA-CG, the

stringent multi-location testing for release regardless of

the agroecology for which the variety was bred has been

preventing the release of most. This is because, to exploit
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the potential of some specific traits which manifest in spe-

cific agro-ecologies, INRA-CG has since the early 1990s

started breeding for specific mega-environments (rainfed

and irrigated). Some of these varieties may not compete

with the best local checks in the mega-environments for

which they were not bred—putting them at a disadvantage

in the face of wide adaptation testing.

For the few varieties that passed the testing and were

released, Yigezu et al. (forthcoming) identified an ill-

conceived variety licensing contract used by INRA which

does not compel the company to produce a certain mini-

mum amount of seed and uneven playing field for seed

companies (only one of them controlling 81% of the certi-

fied seed market) as the culprits preventing newly released

INRA-CG varieties from reaching farmers. The studies

concluded that macro-level policy and institutional prob-

lems provide the explanation for the dominance of old

wheat varieties in Morocco. Lack of adequate information,

farm, and farmer characteristics provide the micro-level

demand side explanations (Yigezu et al., 2019). Alary

et al. (2020) also argue that there is some divergence

between breeding objectives and farmers’ trait preferences.

However, while it provides useful insights, it does not rule

out the importance of the new INRA-CG varieties because:

1) the study compares past (not the new) breeding objec-

tives with varieties already under cultivation. It does not

also capture the regional and agroecological differences

that shape farmer preferences; 2) the new INRA-CG vari-

eties build on the important traits of the old INRA-CG

varieties which still dominate the Moroccan landscape

(good and stable yield potential, high grain and consump-

tion quality, high market demand, and resistance to dis-

eases and pests). INRA-CG breeders and some seed

company personnel agree that the new INRA-CG varieties

have superior traits including up to 25% yield gains, resis-

tance to new variants of rust, drought and heat tolerance,

and resistance to hessian fly, which has become a major

problem for wheat production in Morocco. To keep com-

pany secrets, the public institution responsible for variety

testing did not provide any records about the traits of the

varieties newly released by the other sources making direct

comparison difficult. However, based on their experience,

local breeders agree that the wide adaptation testing in

Morocco favors the broadly adapted old European varieties

being released by the other sources a comparative advan-

tage. While all the above studies provided explanations for

the low adoption of recent INRA-CG varieties, the question

that remains to be answered is whether the investment on

INRA-CG has been paying off and is worth the

continuation.

Methods

The estimation of the returns to research investment on a

given crop is often challenging. It becomes even more

difficult when estimation is done for specific technologies

such as varieties. The challenge arises from at least three

main reasons: 1) Agricultural research builds on progress

made in the past (locally and internationally); 2) There is

considerable time lag between the introduction and diffu-

sion of the technology (Pardey et al., 2016); 3) It is difficult

to separate the productivity gains coming from crop

improvement and improvements in agronomic practices

and changes in socio-economic, agroecological and natural

resources conditions.

Several studies provide reviews and meta-analyses of

the literature on the internal rates of return (IRR) and

benefit-cost ratios (BCR) for investment on agricultural

research in different parts of the world (Hurley et al., 2014,

2016; Pardey et al., 2016). Norton and Davis (1981) classify

such studies into two, namely ex-post and ex-ante. In their

meta-analysis, Alston et al. (2000) make a distinction

between ex-post benefits that were derived from econo-

metric models (especially in which the lag structure is mod-

eled econometrically) and those derived from explicit (or

implicit) economic surplus models. They argue that the two

are not mutually exclusive, as some studies use both meth-

ods. In this study, we use the combination of the two. Despite

the increase in productivity gains in Morocco, fast growth in

population and per-capita consumption have increased the

Table 1. Agricultural research investment by countries in the West Asia and North Africa (WANA) region.

Countries by region

Agricultural research spending

Total crop area in
2012 (million ha)

Agricultural research
spending (PPP $ million/

million ha)
2011 PPP dollars

(million)
2011 US dollars

(million)
As a % share of
agricultural GDP

Algeria 91.6 38.3 0.21% 4.31 21.26
Egypt 528.4 144.7 0.44% 5.32 99.33
Jordan 36.2 15.0 1.84% 0.18 205.59
Lebanon 38.2 21.3 0.95% 0.23 163.44
Morocco 147.3 442.3 0.49% 7.69 19.15
Sudan 57.3 26.3 0.14% 14.32 4.00
Tunisia 63.0 97.1 0.64% 3.88 16.25
Turkey 537.3 376.7 0.51% 18.12 29.65
Yemen 38.7 13.7 0.56% 1.11 34.97
Total—WANA Region 1,538.1 1,175.4 55.16
Average—WANA Region 0.64% 27.89

Source: Research investment data was obtained from ASTI data base (IFPRI, 2019); Crop area figures were obtained from FAOSTAT (2019).
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demand for wheat, causing production to fall short of

demand. As a result, the country is becoming increasingly

dependent on wheat imports (Yigezu et al., 2019). Given the

importance of imports in the market, in this study, we

assume an open-economy model where consumer prices are

not expected to reduce due to increases in domestic produc-

tion of wheat. We measure benefits in terms of gross margins

(the value of increased production, holding all other inputs

and costs constant), which are explicitly assumed to be

received by producers. In this sense, as argued by Alston

et al. (1996), our approach for valuing additional output still

relies upon an implicit economic surplus analysis with zero

technology-induced price effects.

This paper attempts to generate a conservative estimate

of the benefit-cost ratio (BCR) of investment on wheat

improvement research in Morocco. To this effect, first,

we use the household-level adoption estimates by Yigezu

et al. (2019). The study used the same farm household

survey data used in this analysis and included all improved

wheat varieties originating from both the INRA-CG and

other sources. Then, secondary data on the wheat area at

the village, district, and provincial levels during the survey

year were used as weights for upward aggregation of the

adoption estimates to the national level. To estimate the

average treatment effects (ATE) of the adoption of

improved INRA-CG varieties on yield and net returns per

ha of land, we followed El-Shater et al. (2016) and applied

the endogenous switching regression (ESR) model (in the

interest of space, detailed description of the ESR model is

provided as Supplemental Material). The benefits of ESR

are twofold: 1) the model is potent in correcting for selec-

tion bias from both observed and unobserved factors; 2)

Most past research does not make distinction between pro-

ductivity gains from crop genetic improvement and other

sources of productivity gains including agronomic prac-

tices and socio-economic and agroecological differences.

By using ESR, we were able to filter the benefits that are

exclusively generated because of crop genetic improve-

ments. Finally, the total national benefits from the introduc-

tion of the improved varieties coming from the INRA-CG

wheat breeding program (TNBIVCG) was estimated as the

product of the national adoption level in percentage (NAL),

the total national wheat area in hectares (TNWA) and the

estimate of the ATE on gross margins per hectare of wheat

production (ATEWR).

The annual average total investment on wheat research

(TIWR) was computed as the mean of the 2002–2014 (12-

years) national and international investments on wheat

research in Morocco. As research investments are made

in advance and benefits accrue over many years, to make

all values comparable by capturing differences in both

prices and utility, we have converted all annual investments

and estimated benefits per unit area (i.e., the ATE) into

their 2010 US$ equivalents using annual discount factors

that are published by the National Bank of Morocco. Then,

the benefit-cost ratio is generated as the ratio of TNBIVCG

and TIWR.

We estimate a variant of the Cobb-Douglas production

function which necessitated logarithmic transformation on

all continuous variables (income, consumption, farmer age,

years of education, distance to the nearest seed market,

farm size, wheat area, and all quantities of inputs, etc.) that

are included either as dependent or explanatory variables in

the ESR model. Table 2 provides the full list of variables

included in the model as well as their summary statistics.

Data

Data for the analysis of adoption and impacts of improved

wheat varieties came from a large survey carried in 2013

covering 1,230 farm households in 21 major wheat-

producing provinces which account for about 81% of the

national wheat area. The sample households were drawn

using a stratified sampling approach where provinces, dis-

tricts, and villages were used as strata. The sample was

distributed proportionally to farmer population across 292

villages and 56 districts. Structured survey questionnaires

were used to collect demographic, economic, social and

consumption data from each sample household. Detailed

production-related data including field size, name of vari-

ety used, quantities of each input used, and agronomic

practices used were also collected for each of the 2,296

wheat fields cultivated by all the sampled households. All

data collected during the survey referred to the 2012 pro-

duction season.

Costs and benefits since INRA-CG was established in

1997 are needed for this analysis. However, data on wheat

research investment was obtained only for 13 years (2002–

2014) from two sources: 1) For national investment on

wheat research, we used the actual annual expenditures

obtained from the accounting books of INRA (INRA,

2013). The total investment was estimated as the sum of

expenditures on personnel, equipment and operations

related to breeding, agronomy, entomology and mycology

research on wheat and costs of release, demonstration and

popularization of new varieties; and 2) For international

investment, as discussed in detail in Section 5.4, we used

the CGIAR’s global investment on wheat research and total

number of improved wheat varieties released reported by

Lantican et al. (2016) to generate Morocco’s share. Using

the 12-years research investment data, from the two sources

we estimated total annual average annual investment cost

of wheat research in Morocco and applied it to all years

since 1997 with the necessary discounting. We have also

used data from the literature to fill data gaps.

Results and discussion

Varietal release

Lantican et al. (2016) reported that globally, the total num-

ber of wheat varieties released between 1994 and 2014 was

4,604, equivalent to an average of 0.69 varieties per million

ha of wheat area per year. The corresponding figure for the

West Asia and North Africa region (WANA) is 1.34 vari-

eties per million ha of wheat area per year. Despite the

challenges associated with stringent varietal release system

(Yigezu et al., forthcoming), the national varietal release

database shows that Morocco has released 113 wheat
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Table 2. Summary statistics for selected variables.

Variable
name

ImpVar *¼1 ImpVar* ¼0 Entire sample

Variable
Count and/or
Mean values Std. dev

Count and/or
Mean values Std. dev N̂

Mean
values Std. dev

Group 1 Variables (Derived from
household-level data: N ¼
1230)

AdopterHH This household is adopter of improved
varieties (0 ¼ No, 1 ¼ Yes)

424 806 1230 0.35 0.48

Sex The household head is Female
(0 ¼ No, 1 ¼ Yes)

29 (0.07)*** 0.25 20 (0.03) 0.16 49 0.04 0.20

Off-farm Household head has off-farm
employment (0 ¼ No, 1 ¼ Yes)

76 (0.18) 0.02 140 (0.17) 0.38 216 0.18 0.38

Credit Household has access to credit
(0 ¼ No, 1 ¼ Yes)

312 (0.74)*** 0.44 262 (0.33) 0.47 574 0.47 0.50

Host-demo Farmer hosted wheat demonstration
trials (0 ¼ No, 1 ¼ Yes)

24 (0.06)*** 0.23 4 (0.01) 0.07 28 0.02 0.15

Visit-demo Farmer attended field days (0 ¼ No,
1 ¼ Yes)

22 (0.05)*** 0.22 10 (0.01) 0.11 32 0.03 0.16

Host-visit Farmer both hosted demo and
attended field days (0¼No, 1¼ Yes)

13 (0.06)*** 0.35 2 (0.00) 0.10 15 0.02 0.22

Age Age of household head (Years) 59.08 13.75 59.75 13.97 59.52 13.75
Educ Education of household head (years) 2.66*** 0.86 1.51 0.55 1.90 0.86
WArea Wheat area (Ha) 5.37 11.74 4.39 14.55 4.72 13.64
TArea Total cropped area (Ha) 10.76 18.82 11.16 28.89 11.02 25.85
WDist Walking distance from home to seed

sources (km)
6.52*** 13.67 23.19 12.03 17.45 13.67

Cons Household consumption of wheat
from own production (kg/capita/
year)

85.09*** 34.076 50.03 22.74 62.12 32.13

Group 2 Variables (Derived from
field-level data: N ¼ 2296)

ImpVar Is field planted to improved wheat
varieties? (0 ¼ No, 1 ¼ Yes)

745 1551 2296 0.32 0.47

Irrig Field has access to irrigation (0 ¼ No,
1 ¼ Yes)

119 (0.16) 0.37 276 (0.18) 0.38 395 0.17 0.38

SeedFormal Wheat seed was purchased from
formal sources (0 ¼ No, 1 ¼ Yes)

187 (0.25)*** 0.43 169 (0.11) 0.31 356 0.16 0.36

Favorable The farm is in favorable zone? (0¼No,
1 ¼ Yes)

524 (0.70)*** 0.46 327 (0.21) 0.41 851 0.37 0.48

Intermediate The farm is in intermediate zone
(0 ¼ No, 1 ¼ Yes)

167 (0.22)*** 0.42 507 (0.33) 0.47 674 0.29 0.46

Labor Total amount of labor used (Person
days/ha)

(49.16)*** 10.78 44.70 9.76 46.20 11.82

QN Quantity of nitrogen fertilizer used
(kg/ha)

42.97 49.45 39.78 46.39 40.82 48.42

QDAP Quantity of DAP fertilizer used (kg/ha) 30.44 27.03 28.86 25.80 29.38 25.55
QSeed Quantity of seed used (kg/ha) 173.22 55.56 173.20 56.96 173.21 56.49
Yield Yield (kg/ha) 1816.79*** 1542.73 1243.42 1049.71 1429.47 1260.10
SeedPrice Price of wheat seed (MAD/kg)#V 2.28 0.80 2.29 0.81 2.28 0.81
WheatPrice Price of wheat grain (MAD/kg)#V 3.44*** 0.39 3.00 0.38 3.13 0.44
TCost Total costs (MAD/ha)# 2700 1709.59 2796 1743.23 2764.85 1732
GM Gross margins (MAD/ha)# 5417.49*** 5218.30 3715.65 3885.60 4267.86 4433.92
THHInc Total household income (MAD/

household)#
22800.22*** 18200.45 18600.34 17000.23 19116 17389.67

HHIncAg Household income from agriculture
(MAD/household)#

16350.22*** 15900.43 13540.43 12800.42 14452.14 13806.30

^Notes:- F̂or binary variables, N stands for number of cases with “Yes” answer, bold-italic figures are count values and values in brackets are mean values.
* For Group 1 variables, ImpVar ¼ 1 means the household is adopter of INRA-CG varieties released after 1993; For Group 2 variables, it means the
field is planted to INRA-CG varieties released after 1993.
# The exchange rate in 2012 (the year for which production and consumption data were collected) was: 1US$ ¼ 8.62 Moroccan Dirhams (MAD).
VAverage price of seed that farmers paid is lower than average price of wheat grain that farmers received because seed is highly subsidized.
***, **, * represent significant difference between adopters and non-adopters of improved varieties at 0.01, 0.05 and 0.1 levels.
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varieties (from all sources) during the same period which is

equivalent to 1.21 varieties per million ha of wheat area per

year, close to the regional average.

Table 3 shows the contribution of the INRA-CG to the

total number and acreage of improved varieties released in the

country. Immediately after INRA-CG started releasing vari-

eties in 1982, the wheat varietal release rate jumped from 0.22

per year pre-1982 to a 5-year average of 2.8 per year between

1982 and 1986. The release rate continued to increase and

reached a maximum of 13.25 during 1993–1997. The rate

decreased substantially in the following 5-year period

(1998–2002) to 2.25 and started to increase afterward but has

not reached the levels achieved in 1993–1997 (Table 3). The

5-year period between 1993 and 1997 was especially remark-

able because 30% of total and 24% of all INRA1 releases

occurred during this period. Of 14 varieties released during

1993–1997 and grown by farmers in 2012, 9 were from

INRA-CG which covered 20.7% of total national wheat area.

The above table also shows that in 2012, 82.5% of total

national wheat area was cultivated with varieties released

during 1982–1997. Of this, 96% (79.2% of national area)

was planted with 17 INRA-CG varieties—showing that the

partnership between INRA and the CGIAR centers pro-

duced varieties with durable presence in Morocco. Since

1998 however, the partnership has been far less effective

where despite a good number (30) of submissions, only 10

were released none of which were planted by farmers until

2012. During the same period, a staggering 75 varieties

were released by the other sources but only 10 (13%) were

under cultivation—showing that the challenges in the

release-dissemination continuum, though at a lesser scale,

also affect the other sources.

Adoption of improved varieties

Survey results showed that 40 wheat varieties were culti-

vated by farmers in 2012. Out of 27 varieties whose breeding

programs were identified, 17 originated from INRA-CG.

With an area-weighted national average varietal replacement

rate of once in 22 years, very old varieties still predominate

in Morocco where more than 58% of the growers are still

cultivating varieties which were released before 20 years.

The top 10 varieties covered 92% of total wheat area while

the top 2 varieties, namely Karim and Achtar (both released

before 28 years from INRA-CG) were cultivated by 38.1%

of Moroccan farmers.

To serve the purpose of this study, we narrow down the

definition of adoption to the use of any INRA and CGIAR-

related wheat variety (i.e., those which either have genetic

material that originated from INRA, ICARDA and CIM-

MYT or have INRA and CGIAR inputs in their selection or

any part of their breeding) which were released in the last

20 years. Only 9 out of the 17 INRA-CG varieties under

cultivation were released in the last 20 years. Analysis of

the adoption data shows that most of the farmers have

started using the improved varieties since the year 2000

(Figure 1).

A closer look at Figure 1 reveals that even new adopters

are using the older varieties. Yigezu et al. (forthcoming)

identify at least three macro-level supply-side policy and

institutional reasons and several micro-level demand-side

factors for the low adoption levels of more recent improved

varieties. Alary et al. (2020) also found some mismatch

between breeding objectives of wheat breeding programs

and farmers’ trait preferences providing another factor to

explain low adoption of recent varieties.

Table 3. Trends in the contribution of INRA-CG in varietal release and in covering the Moroccan wheat area by improved varieties.

Varietal release
period^

Number of varieties released

Number of wheat varieties
cultivated by farmers in

2013* Wheat area in 2013 covered by:

Total
Average annual

release rate
From

INRA-CG Total
Those originating
from INRA-CG

All varieties released
in this period (%)

INRA_CG varieties released
in this period (%)

Unknown 0 NA 0 7 0 0.34 0.00
1949–1981 7 0.21 7 1 1 1.01 0.26
1982–1986 14 2.80 12 4 4 34.67 33.57
1987–1992 24 4.80 15 4 4 26.74 24.88
1993–1997 53 13.25 14 14 9 21.11 20.70
1998–2002 9 2.25 1 1 0 0.00 0.00
2003–2007 25 6.25 6 7 0 15.98 0.00
2008–2012 39 9.75 3 2 0 0.15 0
2013–2015 12 6.00 0 0 0 DK 0
Total 183 2.77 58 33 18 100.00 79.41

Notes:
^Unlike the other time periods where we used 5-year intervals, we used 6-year interval for the 1987–1992 period because, we wanted to single out the
5-year period between 1993 and 1997 which was of particular interest in our analysis (see pages 18, 26–27).
*Out of 40 varieties cultivated by farmers in 2013, the release dates and the breeding programs from which they originated was identified for only 33.
The rest could be either local landraces or old improved varieties of which the release date and breeding program are unknown.

Source: Varietal release data was obtained from the official release catalog for 2015 (http://www.onssa.gov.ma/fr/controle-des-semences-et-plants/
homologation-des-varietes). The area under improved varieties is estimated using the data obtained from the nationally representative sample of 2296
wheat fields, which were surveyed in 2013.
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Impact measurement

In impact analysis, one should generally suspect that there

could be variables omitted from the model that may have

influence both on the treatment (in this case the adoption

decision) and on the outcome variables (in our case yield

and hence on gross margins). As a result, it is important to

test if the treatment variable is endogenous. Given that we

have at least two exogenous variables in the selection equa-

tion that are excluded from the outcome equation for iden-

tification, we carried the Durbin-Wu–Hausman test which

showed that the treatment indeed is endogenous—justify-

ing our use of the endogenous switching regression model.

We also followed Di Falco et al. (2011) and carried falsi-

fication test for the two identifier variables (hosting demon-

stration trials and visiting field days). The results showed

that individually, hosting demonstration has significant

(P < 0.01) effect on the adoption decision but not on yield

while field day significantly affects neither the adoption

decision nor yields. Jointly however, we found that they

significantly (P < 0.01) affect the adoption decision but not

yield—providing justification for the appropriateness of

the identifiers. This result is consistent with the practice

because, in Morocco demonstration trials and field days

are used mainly to create the exposure among farmers

rather than training them.

Results of the full information maximum likelihood esti-

mation of the ESR model for yield and gross margin are

presented in Table 4. As the main purpose of this section is

to measure the impacts of adoption of the INRA-CG vari-

eties, in the interest of space, we omitted the discussion of

the factors affecting adoption of the varieties.

Model results show that quantities of all inputs and field

size have positive and significant effects on yield for both

adopter and non-adopters of improved INRA-CG varieties

(columns B and C in Table 4). With the exception of sex of

the household head, which is not significant and being in

the intermediate agroecology which has negative impact,

all other covariates have similar impacts on wheat yield

obtained by farmers who have not adopted the improved

INRA-CG varieties as those who adopted.

The ATE results presented in Table 5 show that adopters

of the INRA-CG varieties were obtaining 460 kg/ha (46%)

higher yield and MAD 1345 (US$156) per ha (50%) higher

gross margins relative to what they would had they not

adopted them. Had non-adopters used the INRA-CG vari-

eties, they would have obtained comparable benefits as

those who already adopted.

Estimation of benefit-cost ratio (BCR)

Considering different cost items for inclusion as research

investment, Lantican et al. (2016) provide two different

estimates of total annual global expenditure on CGIAR

wheat research: US$19 million (in 2010 US$ equivalents)

and US$22.9 million (in 2010 US$ equivalents). In view of

our desire to generate a conservative BCR, in this paper, we

use the higher of the two thereby inflating the cost.

To estimate the share of Morocco in total global CGIAR

investment on wheat research, we consider two approaches.

First following Evenson and Gollin (2003), we use the ratio

of the number of CGIAR-related varieties released in

Morocco since 1993 (which is 17) and the total number

of CG-related varieties released globally since 1993 (i.e.,

4,604)2 as a proxy for the proportion of CGIAR wheat

research investment in Morocco out of total CGIAR wheat

research investment. The value of this proportion consid-

ering only the varieties released since 1993 was 0.37%.

We also followed Lantican et al. (2016) to use the ratio

of the total wheat area under CGIAR-related improved
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Figure 1. Percentage of farmers who adopted different categories of varieties by year of adoption.
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wheat varieties released in Morocco and total global wheat

area covered by CG-related varieties as another proxy for

the proportion of CGIAR wheat research investment in

Morocco out of total CGIAR wheat research investment.

The share of Morocco in total global wheat area is 1.33%

while the share of Morocco in total wheat area under

improved wheat varieties is 1.70%.

Taking the higher proportion (1.70%) of the global

annual average investment on wheat research, the total

annual CGIAR investments on wheat research in Morocco

for 36 years (1977–2012) was estimated at US$389,471.

The estimate of total national and international investment

on wheat research in Morocco was therefore US$517,519.

Based on data from the accounting books of INRA, the

total numbers of full time equivalent (FTE) researchers

(including technicians) and support staff in a typical year

during the 2002–2014 period were only 6.83 and 3.22

respectively. Including expenditures on personnel, equip-

ment and operations, the 12-years average annual national

investment on wheat research by the government of Mor-

occo was estimated at about US$128,000 (in 2010 US$).

Simple mean comparisons of average yields of varieties

from the INRA-CG and other sources show that until 1997,

the INRA-CG varieties released at different blocs of time

periods had consistently higher yields than those from other

sources released in the same time blocs (Table 6). There-

after however, while newer even higher yielding varieties

from the other sources were being released and cultivated

by farmers, only few such varieties from INRA-CG were

released but none were cultivated mainly due to institu-

tional problems (Yigezu, forthcoming). This phenomenon

is casing doubt and raising questions among donors and

policy makers if the continuation of national and interna-

tional investment on wheat research in Morocco can be

justified.

Answering the above question in the absence of more

recent varieties from INRA-CG under cultivation requires

conducting simulations by creating different possible sce-

narios about: 1) the likely outcomes in terms of wheat

variety adoption in the country; and 2) wheat yield gains

had more of the recent INRA-CG varieties been released

and their seeds made available to farmers.

Table 4. Full information maximum likelihood estimates of the endogenous switching regression model for yields and gross margins.

Independent Variables

Adoption of any
INRA-CG variety

(Yes ¼ 1,
No ¼ 0)

Yield (kg/ha) for
Adopters

Yield (kg/ha) for
Non-adopters

Gross margins
(MAD/ha) for
non- Adopters

Gross margins
(MAD/ha) for
Non-Adopters

A B C D E

Coef. Std.Er Coef. Std.Er Coef. Std.Er Coef. Std.Er Coef. Std.Er

Lnage 0.515 0.28* �0.041 0.023* 0.024 0.02 �0.102 0.045** 0.041 0.047
Sex 0.283 0.309 0.034 0.018* 0.037 0.029 0.065 0.035* 0.108 0.069
Lnedu 4.074 0.404*** 0.01 0.02 �0.021 0.015 �0.047 0.040 0.019 0.035
Irrigation (Yes ¼ 1, No ¼ 0) 0.049 0.246 1.398 0.02*** 1.342 0.016*** 1.513 0.039*** 1.751 0.04***
Lnwheatarea �0.843 0.148*** 0.037 0.009*** 0.078 0.009*** 0.046 0.017*** 0.098 0.021**
Lntotalarea-square �0.024 0.029 0.006 0.002*** �0.003 0.002 0.007 0.004* �0.003 0.005
Certified seed (Yes ¼ 1, No ¼ 0) 1.004 0.138*** 0.222 0.013*** 0.164 0.01*** 0.145 0.027*** 0.148 0.023**
Favorable zone (Yes ¼ 1, No ¼ 0) 1.613 0.182*** 0.024 0.021 �0.031 0.013** 0.057 0.041 0.064 0.03**
Intermediate zone (Yes ¼ 1,

No ¼ 0)
0.64 0.195*** 0.042 0.022* 0.016 0.01 0.013 0.044 0.017 0.025

LnN-fertilizer (kg/ha) 0.03 0.08 0.019 0.006*** 0.011 0.005** 0.013 0.012 �0.006 0.012
LnSAP-fertilizer (kg/ha) �0.096 0.082 0.038 0.006*** 0.054 0.005*** 0.043 0.012*** 0.057 0.012**
Lnseed (kg/ha) 0.057 0.208 0.059 0.016*** 0.099 0.014*** 0.119 0.031*** 0.043 0.033
Lnfamilywork (person days) 0.388 0.138*** 0.014 0.013 �0.004 0.01 �0.007 0.025 �0.038 0.023
Credit (Yes ¼ 1, No ¼ 0) 0.376 0.133***
Off-farm-income (Yes ¼ 1, No ¼ 0) �0.222 0.184
Lndistance-to-seed-source (km) �1.393 0.11***
Hosted demo (Yes ¼ 1, No ¼ 0) 1.3 0.524**
Visited field days (Yes ¼ 1, No ¼ 0) 0.631 0.493**
Seed-company-in-village (Yes ¼ 1,

No ¼ 0)
0.606 0.179***

Agro-dealers-agrovets in village
(Yes ¼ 1, No ¼ 0)

�0.235 0.134*

lnseedprice (MAD/qt) 0.179 0.186
_cons �3.294 1.625** 6.435 0.128*** 5.705 0.109*** 7.495 0.253*** 6.822 0.26***
Rho 0.013 0.420 �0.027 �0.114
Sigma 0.139*** 0.173*** 0.274*** 0.415***
Wald Chi-square 12470*** 3876***
LR test of indep. eqns 5.95** 0.63

*, **, *** respectively represent significance at 0.1, 0.05 and 0.01 levels.
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The premises for the scenario analyses that we carried

are: 1) the most recent INRA-CG varieties build on the

good traits of the old INRA-CG varieties which are dom-

inating the Moroccan landscape. Therefore, had the seeds

of those already released (and at least some of the rejected

ones) been made available, they would be desirable by

farmers; and 2) the release of 10 INRA-CG varieties after

1998 shows that these new varieties have higher yields than

the old INRA-CG varieties that dominate the Moroccan

landscape and possibly all the old and some of the new

varieties from the other sources which currently occupy

12.72% of total wheat area in the country. While we have

considered 15 different scenarios and carried the analysis

(Table 7), in the interest of space, we discuss below only

Scenario 8 which we consider is a modest scenario for the

purpose of this paper.

In scenario 8 (modest scenario), we assumed that: i)

Were the seeds of most recent INRA-CG varieties

Table 6. Mean yields of varieties from the joint INRA-CG collaborative breeding program and other sources at different periods.

Variety

Number of
varieties in this

category

Number of sample
households cultivating

them

Number of sample
plots under these

varieties

% of wheat area
under these

varieties

Mean
yield (kg/

ha)^

Varieties from other Sources
released in or before 1980

7 33 53 1.60% 643

INRA-CG varieties released in or
before 1980

0 0 0 0.00% NA

Varieties from other Sources
released between 1981 and
1992

2 12 26 1.10% 845

INRA-CG varieties released
between 1981 and 1992

9 684 1472 58.71% 1371**

Varieties from other Sources
released between 1993 and
1997

9 48 88 5.17% 1113

CGIAR varieties released between
1993 and 1997

8 268 406 20.70% 1491***

Recent varieties from other
sources released between 1998
and 2012

6 185 251 12.72% 2008

Recent INRA-CG varieties
released between 1998 and
2012

0 0 0 0 NA

Notes:
INRA-CG stands for “joint INRA and CGIAR breeding program.”
“Other sources” stands for sources of wheat varieties in Morocco outside the joint INRA and CGIAR breeding program.
^The mean yield (kg/ha) comparisons are based on simple averages without controlling for differences in input quantities and agronomic practices.
**, and *** represent significantly higher yields of CGIAR varieties than varieties from other sources released in the same period at 0.1, 0.05, and 0.01
levels, respectively.

Table 5. Average expected treatment and heterogeneity effects of adoption of improved wheat varieties from the INRA-CG breeding
program on yield and gross margins from endogenous switching regression.

Decision Stage

Subsample Effects To Adopt Not to Adopt Treatment Effects Percentage change

Yield (kg/ha)
Farm households that adopted 1454.93 995.43 459.50*** þ46%
Farm households that did not adopt 1312.06 978.46 333.60*** þ34%
Heterogeneity effects 142.87 16.97 125.90

Gross margins (MAD/ha)

Subsamples Effects To Adopt Not to Adopt Treatment

Farm households that adopted 4049.61 2704.25 1345.36*** þ50%
Farm households that did not adopt 3849.97 2506.98 1342.99*** þ54%
Heterogeneity effects 199.64 197.27 2.36

*** respectively represent significance at 0.1, 0.05 and 0.01 levels.
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multiplied and made available to farmers, they would

replace part (say a modest 50%) out of the area under the

varieties released by the other sources and part (a modest

50%) out of the total area occupied by the older INRA-CG

varieties—thereby achieving a total adoption level of 50%;

and ii) the most recent INRA-CG varieties would have a

moderate advantage in gross margins of only half as much

as that INRA-CG varieties had during the 1993–1997

period over varieties from other sources reported in

Table 2.

Yield gains over the years did not come only from the

use of improved wheat varieties as weather conditions can

lead to different outcomes. As 2012 was an average year in

terms of rainfall and temperature, the yield and gross mar-

gin benefits estimated using our survey data can be consid-

ered as representative of all years. But, we argue that the

BCR estimated here will be conservative because: 1) As we

don’t have adoption estimates for the pre-1993 period, we

included in our estimation only the benefits of INRA-CG

varieties released after 1993; 2) The counterfactual group

includes farmers who in 2012 cultivated high yielding vari-

eties from other sources which were released after 1998—

thereby undermining the yield gains, especially from early

releases from INRA-CG; 3) Even though public and

CGIAR investment on wheat research in Morocco has gen-

erally shown an increasing trend over the 36 years, out of

lack of data for the period 1977–2001, we applied the aver-

age annual investment for the period 2002–2012 as the

average for the entire 36 years (1977–2012) and calculated

the total investment since the establishment of INRA-CG;

and 4) There is generally between 10 and 15 years’ time lag

between variety development and adoption. Therefore, the

benefits of the investments made in the last 10–15 years are

yet to accrue. However, to avoid the creation of complex

scenarios for estimation of these benefits and to make our

estimates conservative, we ignore future benefits from

research investment in the last decade.

The ATE of adoption of INRA-CG varieties released

after 1993 (INRA-CG93) on gross margins was US$156

(in 2012 US$) which is equivalent to US$72.03 per ha in

2010 dollars. The adoption degree of INRA-CG93 was

0.96% in 1993 which gradually increased to reach

20.44% in 2012. Therefore, the total benefits obtained in

the last 36 years by all Moroccan farmers who adopted

INRA-CG93 was estimated at US$355.83 million in 2010

US$. On the cost side, using the annual average investment

by the government of Morocco and the CGIAR for 12 years

(2002–2012) and multiplying by 36 years, we estimated the

total investment at US$18.11 million (in 2010 US$). These

benefits and costs led to a BCR of 19.64. The total wheat

area in the country (average for 2002–2012) was 2.91 mil-

lion hectares. Therefore, at the adoption level of 20.44%,

the varieties released between 1993 and 1998 alone have

led to 623 million tons (14.8%) additional wheat supply in

the country.

Yigezu et al. (2019) documented that none of the post-

1998 INRA-CG varieties are being cultivated by farmers.

However, were the seeds of these recent varieties made

available to farmers, we assume that they would have

achieved an adoption level of at least 50% of total wheat

area in the country (less than the 79% INRA-CG varieties

currently occupy) and only half of the yield and hence gross

Table 7. Scenarios considered for simulation of potential benefits were post-1998 INRA-CG varieties released, and seeds made
available.

Adoption
Scenario

Yield gain
scenario Scenario

Assumption about the
potential adoption of
post-1998 INRA-CG

varieties on fields
currently under old
INRA-CG varieties

Assumption about the
potential adoption of post-
1998 INRA-CG varieties
on fields currently under

varieties from other
sources

Assumed gains in gross
margins from adoption
of post-1998 INRA-CG
varieties over all other

varieties under
cultivation

Estimated
Benefit-

Cost
Ratio
(BCR)

Optimistic Upper-bound 1 100% 100% 50%^ 92.05
Moderate 2 100% 100% 25% 46.54
Lower-bound 3 100% 100% 10% 19.24

Realistic* Upper-bound 4 79% 79% 50% 72.93
Moderate 5 79% 79% 25% 36.98
Lower-bound 6 79% 79% 10% 15.41
Upper-bound 7 50% 50% 50% 46.54

Modest Moderate 8 50% 50% 25% 23.79
Lower-bound 9 50% 50% 10% 12.41

Conservative Upper-bound 10 30% 30% 50% 28.34
Moderate 11 30% 30% 25% 14.69
Lower-bound 12 30% 30% 10% 6.50

Pessimist Upper-bound 13 10% 0% 50% 10.41
Moderate 14 10% 0% 25% 5.59
Lower-bound 15 10% 0% 10% 2.25

Notes:
*This scenario assumes that were the seeds of the post-1998 INRA-CG varieties made available to farmers, they would have occupied as much area
(79% of total national wheat area) as the old INRA-CG varieties currently occupy.

^This assumes that the post-1998 INRA-CG varieties would have 50% gross margin advantage (same figure reported in Table 5) pre-1998 INRA-CG
varieties had over varieties from other sources.
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margin advantages. This means, the benefits from INRA-

CG93 until 1998 will be the same as what we used in the

above calculation, but adoption would increase at a faster

rate after 1989 to reach 50% in 2012 while the gain in gross

margins would be only 25% (half of what is reported in

Table 5). With these conservative assumptions, for the

same cost incurred in the last 36 years, the total benefits

from INRA-CG varieties would have been US$431.02 mil-

lion in 2010 US$ (US$75 million higher than what is cur-

rently realized) leading to a potential BCR of at least 23.79.

This would also have led to 1.37 million tons (32.5%)

additional wheat production (i.e., 17.7% higher than the

additional wheat supply already achieved).

Discussion

Given the modest assumptions we made, the BCR of 19.64

that we estimated for INRA-CG is less than the Sub-

Saharan African (SSA) average of 30.1 (Pardey et al.,

2016). However, under all the scenarios we considered, the

BCR is always greater than 1—showing no loss on the

investment. For example, in the extremely pessimist sce-

nario (Scenario 15) we considered in this study, were more

INRA-CG varieties to be released and their seeds made

available, we assumed that they would have achieved only

10% adoption level replacing some of the old INRA-CG

varieties and none of the varieties from other sources and

would have a yield advantage of only 10%. Under this

scenario, we estimated a BCR of 1.92. We argue that even

under this extremely pessimistic scenario under which

costs are overestimated and benefits underestimated, the

return on investment on wheat research in Morocco is high

enough for a public good which also has several other

benefits not included in the calculation. Even though their

profits are included as farmer costs in the calculation of

gross margins, the investment cost of seed companies as

well as that of the national extension service delivery

system are assumed as given.

For INRA-CG, the primary objective is to develop

improved wheat varieties that can replace older varieties

and enhance food and nutrition security and higher income

for poor farmers. In this regard, older INRA-CG varieties

are still contributing substantially but the recent varieties

are not. Even though most of the recent varieties are not

being released and the seeds of those released are not being

produced and disseminated, INRA-CG is on track in terms

of having varieties that can be readily used when needed. If

and when the policy and institutional problems are solved,

Morocco will not need to spend 10–15 years to develop

new varieties but can bring itself up-to-speed by using or

building on the recent varieties which are kept on the shelf.

Breeding helps to develop varieties and make germ-

plasm with desirable qualities readily available to help

countries respond to emerging biotic and abiotic stresses

quickly, especially in emergency conditions. As we don’t

have a good example to cite from Morocco, referring to an

Ethiopian experience might help in making our point here.

Despite the availability of more recent improved wheat

varieties, most Ethiopian farmers were using old improved

varieties until about 2010 (Shiferaw et al., 2014). After the

rust epidemic which hit the country very hard in 2010, the

presence of readily available rust-resistant varieties from

CIMMTY and ICARDA enabled the country to continue

wheat production through a fast-track variety testing and

release (FTVR) system. In this effort, 40 sets of 6523 wheat

entries from ICARDA and CIMMYT international nur-

series and 41 sets of 3504 wheat entries/lines from NARS

were evaluated, and five rust-resistant wheat promising

lines identified for verification and release in 2014 (Bishaw

et al., 2016). This approach also gave priority for adaption

of resistant varieties from abroad for quick release and

multiplication of seeds of candidate varieties. As a result,

a total of 10 stem rust and/or yellow rust-resistant varieties

were released through accelerated and/or regular

approaches between 2010 and 2014. Dis-adoption of the

susceptible varieties and replacement with new, rust-

resistant varieties has subsequently been reported (Jaleta

et al., 2019). In this regard, low or no adoption of most

recent improved varieties from the INRA-CG does not

mean that the germplasm that is being developed has no

value.

If, and when Morocco or other countries need varieties

with the traits contained in the new INRA-CG varieties,

they will be available for immediate use. Moreover, the

breeding program is also expanding the genetic resource

base, thereby preventing the ever-increasing erosion of

genetic resources. Therefore, despite the institutional prob-

lems that are limiting the ability of public and CGIAR

centers to achieve higher impacts, the INRA-CG breeding

program is still making significant contribution to the over-

all national and international food and nutrition security

and poverty alleviation, disaster prevention, and agrobio-

diversity enhancement efforts.

Conclusions

A nationally representative sample of 1,230 farm house-

holds showed that despite the availability of more recent

improved wheat varieties, 59% of the total wheat area in

Morocco is covered by varieties that are more than 20 years

old. However, despite their old age, INRA-CG varieties

cover over 79% of total wheat area in the country. Past

research has attributed the slow varietal replacement in the

country to three main macro-level supply-side policy and

institutional factors and several micro-level demand-side

factors, including farm and farmer characteristics. In the

period 1998–2012, these constraints prevented the release

of 20 (out of 30) varieties submitted from the joint national

public and CGIAR wheat research program (INRA-CG).

Because of the same problems, none of the 10 varieties

released were cultivated by farmers until 2012 casting

doubt if national and international investment on wheat

research in Morocco is paying off. This paper tried to pro-

vide evidence that will help clear the doubt.

Results of an endogenous switching regression model

showed that adoption of more recent (<20 years old)

INRA-CG varieties led to clear economic and food security

advantages. Even with overestimated costs of US$18.11
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million and underestimated benefits of US$355.82 million

(both in 2010 US$), we estimated that INRA-CG varieties

which were released before 1993 generated a benefit-cost

ratio (BCR) of 19.64. Considering the extremely conserva-

tive assumptions made, other benefits from the breeding

program not included in the calculation such as biodiversity

conservation and preparedness for climate change, and

institutional problems preventing the release of newer

INRA-CG varieties and the dissemination of their seeds,

such level of a BCR can be considered high. The varieties

also generated an additional wheat supply of 623 thousand

tons (14.8% increment). With yet more conservative esti-

mates and pessimistic future outlook for the adoption and

yield advantages from post-1998 INRA-CG varieties, we

estimated a potential increase of the BCR to 23.79 and an

additional wheat supply (on top of what is being realized

now) of 17.7%—making the investment on wheat research

in Morocco even more worthy.

Despite their old age, improved wheat varieties from

public and CGIAR centers (INRA-CG) that are widely

cultivated are generating sizeable benefits in Morocco.

Moreover, even though policy and institutional constraints

are limiting the ability of INRA-CG to release newer vari-

eties and to make seeds of already released recent varieties

available to farmers, given the potential benefits that Mor-

occo can tap from these varieties now and in the future in

terms of food security, agrobiodiversity, and in its readiness

for potential shocks related to climate change, we conclude

that it is financially, economically and strategically ratio-

nale for the Moroccan government and the international

community to continue and even increase the investment

in wheat research in the country. Our results might also be

equally applicable to other countries with similar policy

institutional challenges in their variety development,

release, and licensing and seed systems.
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References

Alary V., Yigezu Y. A., and Bassi F. 2020. Participatory farmers-

weighted selection (PWS) indices to raise adoption of durum

cultivars. Crop Breeding, Genetics and Genomics 2: e200014.

https://doi.org/10.20900/cbgg20200014

Alston JM, Norton GW and Pardey PG (1996) Science Under Scar-

city: Principles and Practice for Agricultural Research Evalua-

tion and Priority Setting. Ithaca, NY: Cornell University Press.

Alston JM, Wyatt TJ, Pardey PG, et al. (2000) A meta-analysis of

rates of return to agricultural R & D. ex pede herculem?

Research report. Washington, DC: International Food Policy

Research Institute (IFPRI), 150 pp.

Bishaw Z, Alemu D, Atilaw A. and Kirub A. (eds). (2016) Containing

the Menace of Wheat Rusts: Institutional Interventions and

Impacts. Addis Ababa: EIAR, 153 pp. Available at: https://repo.

mel.cgiar.org/handle/20.500.11766/5990 (accessed 15 May 2021).

Bishaw Z, Yigezu YA, Niane A, et al. (eds). 2019 Political Econ-

omy of the Wheat Sector in Morocco: Seed Systems, Varietal

Adoption, and Impacts. Beirut: International centre for Agri-

cultural Research in the Dry Areas, 300 pp.

Centre International de Hautes Etudes Agronomiques

Méditerranéennes (CIHEAM). (2006) Cereals policies in Mor-

occo. CIHEAM Analytic Note No. 7, Zaragoza, March 2006.

Di Falco S, Veronesi M and Yesuf M (2011) Does adaptation to

climate change provide food security? A micro-perspective

from Ethiopia. American Journal of Agricultural Economics

93(3): 825–842.

El-Shater T, Yigezu YA, Mugera A, et al. (2016) Does zero tillage

improve the livelihoods of smallholder cropping farmers?

Journal of Agricultural Economics 67(1): 154–172. https://

doi.org/10.1111/1477-9552.12133

Evenson RE and Gollin D (2003) Assessing the impact of the

green revolution, 1960 to 2000. Science 300: 758–762.

FAOSTAT. (2019) Online database. Available at: http://faostat3.

fao.org/home/E (accessed 2 July 2020).

Hurley TM, Pardey PG, Rao X, et al. (2016) Returns to food and

agricultural R&D investments worldwide, 1958–2015.

InSTePP Brief. St. Paul, MN: International Science and Tech-

nology Practice and Policy centre, University of Minnesota.

Hurley TM, Rao X and Pardey PG (2014) Re-examining the

reported rates of return to food and agricultural research and

development. American Journal of Agricultural Economics 96

(5): 1492–1504.

Institut National de la Recherche Agronomique (INRA) (2013)

Accounting books of INRA. Unpublished Report.

International Food Policy Research Institute (IFPRI) (2019) Agri-

cultural Science and Technology Indicators. Washington, DC:

International Food Policy Research Institute (IFPRI). Avail-

able at: https://www.asti.cgiar.org/ (accessed 29 June 2020).

Jaleta M, Hodson D, Abeyo B, et al. (2019) Smallholders’ coping

mechanisms with wheat rust epidemics: lessons from Ethiopia.

PLoS One 14: e0219327.

Lantican MA, Braun HJ, Payne TS, et al. (2016) Impacts of Inter-

national Wheat Improvement Research, 1994-2014. Technical

Report. Mexico City: International Maize and Wheat Improve-

ment centre (CIMMYT).
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