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ABSTRACT

New technologies combined with improved
genetics and farmer access are important compo-
nents required to improve productivity and
efficiencies of cropping systems. The ability of
the public and private sector to provide these
components to farmers often vary considerably
and can be challenging because of limited
resource allocation and investment in institutions
designed to provide these services. Partnerships
among national programs where resources are
limited and external entities can provide an
effective platform to deliver improved cultivars
and production and pest management practices
that increase crop yield and economic viability of
resource-poor farmers. In this note, we describe a
partnership between the Council for Scientific
and Industrial Research-Crops Research Institute
(CSIR-CRI) in Ghana, the International Center
for Research in the Semi-Arid Tropics (ICRI-
SAT), the US Agency for International Develop-
ment Peanut Collaborative Research Support
Program (USAID Peanut CRSP), the Feed the
Future Innovation Lab on Peanut Productivity
and Mycotoxin Control (PMIL), and North
Carolina State University (NCSU) that resulted
in the release of two ICRISAT-derived lines as
cultivars to farmers in Ghana. The cultivars
Otuhia (Arachis hypogaea L.) and Yenyawoso
(Arachis hypogaea L.) were released by CSIR-
CRI in 2012 following evaluations of breeding
lines beginning in 1999. This case study provides
insight into the research focus and timeline that
occurred with this partnership during the research
and development process. A portion of the data

obtained to support release of these cultivars is
provided.

Key Words: Cultivar resistance, integrat-
ed pest management, international develop-
ment, variety development.

The combination of improving genetic resources
and increasing farmer access to new cultivars is
considered one of the most important components
of sustainable crop production, especially in
circumstances where other components such as
pesticides are unavailable or too expensive to
purchase (Nigam et al., 2018). Resistance to pests
and protection from the damage they cause and the
ability of crops to withstand stresses resulting from
drought, elevated salt, and other abiotic factors are
important components of crop breeding programs
in both private and public sectors. Agronomists,
pest management specialists, and practitioners
develop new strategies and/or refine current prac-
tices based on the inherent resistance of cultivars.
Integrated Pest Management (IPM) strategies often
focus on genetic resistance of cultivars as a first
step in minimizing the negative impact of insects,
nematodes, fungal pathogens, and viruses on crop
yield. Use of pesticides can be decreased when
pathogen-resistant cultivars are grown in many
crops including peanut (Arachis hypogaea L.). Pest-
resistant cultivars are often considered the most
cost effective tool for farmers to adopt if yield can
be maintained or increased above traditional
cultivars and if quality attributes for markets are
not compromised.

Developing and maintaining breeding programs
can be expensive in both private and public sectors.
In many resource-poor countries, investment in
these programs is inadequate or only marginally
effective in providing a local, robust breeding
program that delivers improved cultivars across
diverse environments to farmers. To address this
issue, organizations like ICRISAT and other
CGIAR centers provide germplasm to scientists

1Crops Research Institute, Council for Scientific and Industrial
Research, Kumasi, Ghana.

2Savanna Agricultural Research Institute, Council for Scientific
and Industrial Research, Tamale, Ghana.

3Savanna Agricultural Research Institute, Council for Scientific
and Industrial Research, Wa, Ghana.

4Kwame Nkrumah University of Science and Technology,
Kumasi, Ghana.

5Department of Entomology and Plant Pathology, North
Carolina State University, Raleigh, NC 27695.

6Department of Crop and Soil Sciences, North Carolina State
University, Raleigh, NC 27695.

7USAID Peanut Collaborative Research Support Program
(1999-2012), University of Georgia, Griffin, GA.

8Feed the Future Innovation Lab for Peanut, University of
Georgia, Athens, GA.

*Corresponding author’s email: david_jordan@ncsu.edu

Peanut Science (2019) 46:37–41 37



in resource-poor countries that offer potential
improvement over traditional cultivars or land
races. Partnerships are often developed among the
CGIAR centers, government agencies and national
programs associated with agriculture and rural
development, funding agencies such as USAID
with public and private cooperative agreements
including universities, and non-governmental or-
ganizations (NGOs). In this note we provide
information on the timeline, research methodology,
and other metrics used in evaluation and release of
two cultivars (Yenyawoso and Otuhia) in Ghana
through partnerships among CSIR-CRI, ICRI-
SAT, the Ministry of Food and Agriculture
(MoFA) in Ghana, NCSU, USAID Peanut CRSP
and PMIL.

Materials and Methods
Approximately twenty seeds of the ICRISAT

lines ICGX SM 87057 and ICGV SM 88709 (non-
segregating, F7 generation) were received by
scientists at CSIR-CRI in 1998. The pedigree for
ICGX SM 87057 constitutes a cross between
ICGM 197 and ICGM 751/754 (Pasupuleti,
ICRISAT, personal communication). The genetic
background of ICGV-SM 88709 is (SP 1 3 RMP
91)-P12-P1-B2 (Pasupuleti, ICRISAT, personal
communication). Thirty lines including ICGX SM
87057 and ICGV SM 88709 were observed at the
CSIR-CRI facility near Kwadaso for two years
(referred to as Observational Nursery). Ten lines
were selected for further testing over the following
10 years including two locations during 2001 and
2002, 3 locations from 2003-2006, five locations
from 2007-2009, and six locations during 2010
(Table 1). Experiments were conducted on research
stations within the CSIR-CRI system and in farmer
fields to determine the response of these lines to
biotic and abiotic stresses in Ghana. Commercial-
ly-available cultivars were included in many of
these experiments depending on seed availability
and space allocation. These lines were also selected
for advanced testing in cropping systems research
with various levels of production and pest man-
agement Seed multiplication has continued since
the release of these cultivars in 2012. Purity of these
lines was maintained, and seed were dried after
harvest and stored in a manner that maintained
germination and seedling vigor. Participatory
Variety Selection, primarily through Farmer Field
Schools, was an important platform for evaluation
of these experimental lines in Ghana, especially in
obtaining input from farmers, MoFA, the NGO

community, and the agricultural business sector
(Mochiah, CSIR-CSI, personal communication).

Data collected during the evaluation of these
lines included days from planting to 50% flower-
ing, d from planting to 70% of pods in the brown
and black mesocarp color category as defined by
Williams and Drexler (1981), plant density, main
stem height, number of pods per plant, kernel
content at harvest presented as percent of farmer
stock mass weight, seed weight, and pod yield
adjusted to 8% moisture. Data for leaf spot disease
[caused by Cercospora arachidicola Hori or Cerco-
sporidium personatum (Berk. & M.A. Curtis)
Deighton], rust (caused by Puccinia arachidis
Speg.), damage from arthropods, and plants
expressing symptoms of disease caused by rosette
virus (Tombusviridae umbravirus) were recorded.
An example of agronomic characteristics for these
cultivars from six locations for one growing season
(2010) are presented compared with commercially-
available cultivars planted in the region. Means
were separated using Fisher’s Protected LSD at p
, 0.10.

Results and Discussion
Two ICRISAT breeding lines were released as

cultivars Otuhia (virginia botanical classification)
and Yenyawoso (Spanish botanical classification)
by CSIR-CRI in 2012. These cultivars provided
several improved characteristics relative to agro-
nomic performance and market attributes com-
pared with the traditional cultivar Konkoma
(Table 2).The cultivar Konkoma is also referred
to as Chinese depending on the region of Ghana
where peanut is grown. The descriptor for Otuhia
(ICGV SM 88709), in the Akan language is
translated ‘‘drives away poverty’’ in the English
language. The phenotypic expression of this
cultivar includes a prostrate growth habit with
leaflets elliptical in shape. Flowering occurs ap-
proximately 27 d after emergence with no flowers
present on the main stem. Lateral branches
attached to the main stem present alternate
flowering pattern and require approximately 110
d from planting to optimum pod maturity. Pods
contain two seeds that are slightly beaked with
slight constriction. This cultivar expressed field
tolerance to rosette virus vectored by aphids (Aphis
craccivora), early and late leaf spot, and rust
(Anonymous, 2019; Lamptey et al., 2014). The
descriptor for the cultivar Yenyawoso (ICGX SM
87057) in the Akan language is translated ‘‘there is
no one like you’’ in the English language. This
cultivar is characterized as semi-erect with obovate-
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shaped leaflets. Flowering is observed approxi-
mately 28 d after emergence on main stems with
lateral branches expressing a sequential flowering
pattern and requiring approximately 90 d from
planting to optimum pod maturity. Unlike Otuhia,
this cultivar expressed a modest level of field
tolerance to pests compared with Konkoma but
was no more effective in resisting pests than
currently released cultivars. In contrast, Yenyawo-
so reaches optimum maturity similar to Konkoma
and more quickly than Otuhia and comparison
cultivars (Table 2). This trait is of value when
rainfall toward the end of the growth cycle is
limited.

The expense incurred by ICRISAT relative to
developing a single experimental line that has
potential to become a cultivar release is difficult
to estimate. The cultivars discussed here derived
from ICRISAT lines were a part of a much larger
system of testing prior to being made available to
scientists in Ghana. While resources and invest-
ment by the national program have increased in
Ghana since 1999, the availability of germplasm
through the ICRISAT system continues to be an
important part of cultivar development in Ghana.
The majority of resources enabling testing of these
cultivars prior to and following release on research
stations and in farmer fields were obtained through
the Peanut CRSP and more recently the PMIL.

Attempts are underway to scale up seed of the
cultivars discussed in this note for farmers across
climate zones in Ghana. In 2017, enough seed was
available for purchase to plant 75 ha of Yenyawoso
based on the recommended seeding rate of 60 kg/
ha to obtain a density of 100,000 seed/ha. Yield of
Yenyawoso was twice that of the locally-grown
cultivar Chinese. Currently there is less interest in
planting the cultivar Otuhia (5 ha), which is most
likely a reflection of the larger kernel size of this
cultivar, the longer period of time required to reach

optimum maturity, and the lower yield potential
compared with Yenyawoso (Table 2). However, the
larger kernel size could be a positive characteristic
for specific aggregators and processors as the
peanut industry in Ghana becomes more discrim-
inating based on consumer demand. It is possible
that these calculations underestimate the presence
of these cultivars with farmers. A common practice
in these research programs is to provide farmers
with a small quantity of seed for their use during
the following year, and that effect on distribution
has not been quantified.

While these cultivars are improvements over
traditional cultivars and cultivars released during
the previous two decades, access to these cultivars
is limited in Ghana because of challenges associat-
ed with the current national seed chain for peanut
and complications in shifting away from traditional
cultivars with well-established production systems
and processor and consumer preferences. For
example, even though some of the improved
cultivars listed in Table 2 have been available for
a reasonable amount of time, 80 to 90% of land
area devoted to peanut in Ghana is planted with
Konkoma and Chinese or locally-produced seed of
unknown origin (J. Y. Asibuo, CSIR-CRI, and R.
Oteng-Frimprong, CSIR-Savanna Agricultural Re-
search Institute, personal communication). Op-
pong-Sekyere et al. (2015) reported that the
cultivars Otuhia and Yenyawoso were grown by
no more than 0.5% of farmers in northern Ghana
in 2015. None-the-less, efforts are underway to
promote and distribute improved cultivars by
several groups in Ghana. For example, Yenyawoso
was promoted by the Feed the Future project
SPRING (SPRING, 2017), and the Feed the
Future Scaling project in cooperation with ICRI-
SAT (Anonymous, 2018) received more than 5
metric tons of Yenyawoso foundation seed from
CSIR-CRI for multiplication. These seed will be

Table 2. Comparison of agronomic characteristics of the cultivars Otuhia and Yenyawoso to other cultivars available in Ghana in 2010.a

Cultivar
Days to

50% flowering
Days to

pod maturity
Plant
density

Main
stem height Pods

Kernel
content

Seed
weight

Pod
yield

_______________ No. ________________ No./m2 cm No./plant % g/100 seed kg/ha
Otuhia 27 b 105 ab 8 b 30 bc 109 b 71 a 71 a 2,140 b

Yenyawoso 23 d 90 c 9 ab 33 a 137 a 72 a 64 c 2,350 a
Adepa 28 ab 106 a 11 a 29 c 89 bc 65 b 65 c 1,920 c
FMIX 20-1-45 27 b 104 b 8 b 30 bc 79 cd 67 b 69 ab 1,900 c
GK 7 High Oleic 29 a 106 a 9 ab 31 abc 78 cd 65 b 67 bc 1,900 c

Konkoma/Chinese 24 c 90 c 11 a 32 ab 62 d 59 c 54 d 1,160 d
RRR-MDR-8-16 27 b 106 a 10 ab 31 abc 84 cd 65 b 68 abc 1,940 c
P . F 0.0001 0.0001 0.0744 0.0404 0.0001 0.0001 0.0001 0.0001

Coefficient of variation (%) 3.3 1.0 19.1 7.5 22.4 4.0 5.2 5.5

aMeans within a column followed by the same letter are not significantly different at p , 0.05 according to Fisher’s Protected

LSD test. Data are pooled over six locations (Atebubu, Derma, Ejura, Kwadaso, Somanya, and Wenchi) in 2010.
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certified for distribution to farmers in the three
Northern Regions as an alternative to traditional
cultivars (J. Y. Asibu, CSIR-CRI, personal com-
munication). Improving seed storage and delivery
strategies and maintaining the purity and quality
that ensure high germination and seedling vigor
have the potential to increase peanut production
and profitability in Ghana, especially when com-
bined with improved cultivars like Otuhia and
Yenyawoso. These cultivars may also provide traits
that are valuable for future releases of cultivars
through breeding programs in Ghana (Desmae et
al., 2018; Gaikpa et al., 2015).
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