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Abstract: This paper explores the rice production changes spurred by the dissemination of
Chinese rice technology across Egypt, Ghana, Kenya, Mali, Mozambique, and Tanzania
(one group of the treated countries) through hybrid rice trials conducted from 1990 to
2010. The Difference-in-Differences model was applied for the above group. Another
group, Burkina Faso, Burundi, Cote d’Ivoire, Rwanda, and Togo, was designated the
control group, which did not receive treatment. Through hybrid rice trials, Sino–Africa
cooperation has changed rice production levels. The Chinese rice dissemination technology
performed well in terms of increasing rice yield (with an average of approximately 8.5 tons
per hectare in the treated countries against 3.5 tons per hectare in the control countries) and
ensuring rice-related self-sufficiency in Africa. The results of an empirical study show that,
among the countries treated, Egypt remains the only African country to have established
hybrid rice-breeding programs and released and produced domestically hybrid varieties. A
redesign of the pattern of rice technology dissemination in Sino–Africa cooperation could,
in the long term, improve rice production and productivity in the beneficiary countries.

Keywords: African rice productivity; game theory; Sino–Africa rice cooperation

1. Introduction
Presently, the demand for rice is increasing in most African nations. Rice has become a

cash crop and staple food due to rapid urbanization, the repatriation of refugees, and high
demand from boarding schools, the army, and the police [1–3]. The People’s Republic of
China has introduced hybrid rice-breeding trials in some African countries to share essential
technologies and skills for enhancing rice production. This paper attempts to respond to
the following two questions: Did the Sino–Africa cooperation through Chinese hybrid rice
trials compared between different African countries using the same Chinese technology
lead to changes in rice outcomes? How has Chinese rice technology been disseminated
in the beneficiary countries? This agricultural partnership has been a significant part of
China–Africa cooperation, and Africa’s hybrid rice-breeding trials have formed a bridge of
Sino–Africa friendship [4,5].
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2. Methods and Materials
Eleven African countries were selected: Benin, Burkina Faso, Burundi, Cote d’Ivoire,

Egypt, Ghana, Kenya, Mali, Mozambique, Rwanda, Tanzania, and Togo. These countries
constitute a significant region with a high potentially irrigable area (they own typical river
basins—such as the Limpopo, Nile, and Volta—or share particular agro-ecological and
hydrological areas), helping to boost local rice producers through Sino–Africa cooperation.
The Difference-in-Differences approach (DiD) was used. The DiD model includes general
treatment and control African countries. The treated (Tre) countries constitute the group
of countries that received the treatment; control refers to the group of countries that were
not treated.

Pre denotes the measurement before the program; Post denotes the measurement
after treatment.

Chinese hybrid rice-breeding trials in Africa were considered an exogenous source of
improving rice outcomes, which we refer to as the treatment. Rice yield was taken to be the
outcome and dependent variable. Seven control variables proven to be interacting factors
that boost the levels of rice productivity were selected: rice cultivation (V1), total dam
capacity (V2), pesticide indicators (V3), percentage of land area shared for cropland (V4),
irrigation water requirements (V5), percentage of irrigation equipment used for irrigation
(V6), and agricultural researchers per 100 000 farmers (V7). The period analyzed was
1990 to 2010, and 1990 to 2010 and 2000 to 2010 are the pre- and post-treatment periods,
respectively, with 0 and 1 representing the two dummy interacting variables. Egypt, Ghana,
Kenya, Mali, Mozambique, and Tanzania served as ‘a group of treated countries’ ordered
by treatment time ti*. The other group, consisting of Burkina Faso, Burundi, Cote d’Ivoire,
Rwanda, and Togo, was designated the ‘control group,’ which did not receive treatment in
terms of the data. The share of units in group t is ti, and the number of periods that group t
spends under treatment is Yt.

This is equivalent to the following regression:

Yigt= γg + λt + βιgt + εigt,

where Y is the rice outcome, with 0 denoting the countries not treated, and 1 denoting the
treated countries; ι is the dummy variable, which equals 1 for the countries treated in the
treatment period; I denotes index individuals; g denotes index countries (1 = treatment
country, and 0 = control country); t denotes index time periods (1 = post-treatment, and
0 = pre-treatment); γγ and λλ are group and period fixed effects; and ϵϵ is a stochastic
error term.

In this study, we developed seven indicators to examine rice outcome performance [6].

3. Results
The average rice yield in the treated and control countries, before and after the Chinese

hybrid rice trials in Africa
(
YPre, YPos ), was determined, and the results in Figure 1/A show

gaps in the trends across countries. The situation is similar before and after treatment in
both the treated and control countries. Egypt exhibits a high average rice yield.
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use of area for rice cultivation. It is also gainful in regard to rice production and various 
rice inputs linked to increasing rice productivity in Africa. 

The results in Table 1 show that that there was an increase of 1% in pesticide indica-
tors, the percentage of area set aside for rice farmers, efficient irrigation water reuse, and 
rice farmers for extension and research services, implying growth equal to 1.1617, 0.8447, 
0.1315, and 0.6239 in rice productivity, with the following significance levels (p-values): 
(p) < 0.1, 0.05, 0.05, and 0.01, respectively. 

Table 1. Difference-in-Difference estimation. 

y Coefficient 𝐏 ˃ |𝒕| 
DiD −0.499 *** 0.001 
lv1 −0.312 ** 0.016 
lv2 −13.837 *** 0.000 
lv3 1.161 * 0.073 
lv4 0.844 ** 0.024 
lv5 0.131 ** 0.028 
lv6 −0.068 0.7247 
lv7 0.6239 *** 0.002 

_cons 39.944 *** 0.000 
* p < 0.1, ** p < 0.05, and *** p < 0.01. Source: authors (software output). 

Some economists and scholars agree on some factors that can influence rice produc-
tion and productivity (Figures 1 and 2). They attribute the increased yield from rice hy-
brids to the size of the area cultivated, the availability of nutrients in organic fertilizers, 
the irrigation infrastructures, the efficiency of water use, the existence of public and agri-
cultural infrastructures, and research and development. The increase in the area dedicated 
for rice farms mainly depends on the size of the irrigated area. In Africa, there is a corre-
lation between the unit cost for the location of irrigation infrastructures to be implemented 
and the quality of existing infrastructures [7–9]. 

 

Figure 1. Overview of some indicators involved in increasing the cost linked to the implementation 
of irrigation infrastructures and rice productivity. Source: authors (software output). 
Figure 1. Overview of some indicators involved in increasing the cost linked to the implementation
of irrigation infrastructures and rice productivity. Source: authors (software output).

When we compare the costs of rice production and various determinants of rice
production, it becomes clear that Egypt has an absolute advantage over the other African
countries in terms of optimizing rice production. Nonetheless, Egypt is a desert country.
Egypt also remains better off regarding the determining factors increasing cost and the use
of area for rice cultivation. It is also gainful in regard to rice production and various rice
inputs linked to increasing rice productivity in Africa.

The results in Table 1 show that that there was an increase of 1% in pesticide indicators,
the percentage of area set aside for rice farmers, efficient irrigation water reuse, and rice
farmers for extension and research services, implying growth equal to 1.1617, 0.8447, 0.1315,
and 0.6239 in rice productivity, with the following significance levels (p-values): (p) < 0.1,
0.05, 0.05, and 0.01, respectively.

Table 1. Difference-in-Difference estimation.

y Coefficient P > |t|
DiD −0.499 *** 0.001
lv1 −0.312 ** 0.016
lv2 −13.837 *** 0.000
lv3 1.161 * 0.073
lv4 0.844 ** 0.024
lv5 0.131 ** 0.028
lv6 −0.068 0.7247
lv7 0.6239 *** 0.002

_cons 39.944 *** 0.000
* p < 0.1, ** p < 0.05, and *** p < 0.01. Source: authors (software output).

Some economists and scholars agree on some factors that can influence rice production
and productivity (Figures 1 and 2). They attribute the increased yield from rice hybrids
to the size of the area cultivated, the availability of nutrients in organic fertilizers, the
irrigation infrastructures, the efficiency of water use, the existence of public and agricultural
infrastructures, and research and development. The increase in the area dedicated for rice
farms mainly depends on the size of the irrigated area. In Africa, there is a correlation
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between the unit cost for the location of irrigation infrastructures to be implemented and
the quality of existing infrastructures [7–9].
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tions despite related challenges [10]. The Sino–Africa rice field partnership keeps commu-
nication channels open for all stakeholders [11] and allows mechanism management in 
formulating proposals and strategies to be achieved [12]. The adoption and development 
of hybrid rice technology in Africa are still hindered by the limited availability of local 
seeds (with seeds being supplied from external sources), limited knowledge of the high 
cost of imported seeds, vulnerability to pests and maladies, and limited human skills and 
capacity [7]. In Africa, rice farmers cope with barriers, mainly the absence of large irriga-
tion schemas, water management inefficacy, a lack of water access, and poor distribution 
[13]. The low yields of rice are due to the small sizes of the areas devoted to rice cultiva-
tion, the rice varieties used, the inefficient quantity of fertilizer applied, and the absence 
of irrigation infrastructures and technologies [14]. The rice production decline in Africa 
can also largely be explained by the lack of public investment in infrastructure, farm re-
search and extension projects, irrigation, electricity, and roads and inefficient use of water 
and farming inputs [15,16]. The degree of mechanization is also very low, resulting in a 
high rate of human labor used. Tillage machinery, planting machinery, and harvesting 
machinery are crucial tools for facilitating the mechanization of rice production, consti-
tuting one of the key rice productivity factors [17]. In spite of all the factors mentioned 
above that make it difficult to disseminate rice technologies among farmers in the host 
countries, the Chinese rice technology transfer has positively affected Africa’s rice pro-
duction. Thus, promoting hybrid rice technology in Africa is a pathway for increasing 
yields and incentivizing Chinese agricultural firms to invest more in rice research and 
development in this developing region [7–9]. 

We may question what allowed Egypt to exhibit a high yield (with 9.4 tons per hec-
tare in Figure 1) compared with the other African countries. Among the treated countries, 
it is the only commercially developed nation to which this hybrid rice program of estab-
lishing and producing domestic rice seeds was applied. In Egypt, hybrid rice technology 
proved to be a promising pathway if Africa could become involved in (1) adopting adap-
tive varieties (with hybrid robustness) that can resist diseases and drought, (2) encourag-
ing the private sector to ensure there is a permanent local supply by implementing an 
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4. Conclusions and Discussion
The Sino–Africa ties regarding rice fields have provided advantages to African nations

despite related challenges [10]. The Sino–Africa rice field partnership keeps communication
channels open for all stakeholders [11] and allows mechanism management in formulating
proposals and strategies to be achieved [12]. The adoption and development of hybrid rice
technology in Africa are still hindered by the limited availability of local seeds (with seeds
being supplied from external sources), limited knowledge of the high cost of imported
seeds, vulnerability to pests and maladies, and limited human skills and capacity [7]. In
Africa, rice farmers cope with barriers, mainly the absence of large irrigation schemas, water
management inefficacy, a lack of water access, and poor distribution [13]. The low yields of
rice are due to the small sizes of the areas devoted to rice cultivation, the rice varieties used,
the inefficient quantity of fertilizer applied, and the absence of irrigation infrastructures
and technologies [14]. The rice production decline in Africa can also largely be explained
by the lack of public investment in infrastructure, farm research and extension projects,
irrigation, electricity, and roads and inefficient use of water and farming inputs [15,16].
The degree of mechanization is also very low, resulting in a high rate of human labor
used. Tillage machinery, planting machinery, and harvesting machinery are crucial tools
for facilitating the mechanization of rice production, constituting one of the key rice
productivity factors [17]. In spite of all the factors mentioned above that make it difficult
to disseminate rice technologies among farmers in the host countries, the Chinese rice
technology transfer has positively affected Africa’s rice production. Thus, promoting hybrid
rice technology in Africa is a pathway for increasing yields and incentivizing Chinese
agricultural firms to invest more in rice research and development in this developing
region [7–9].

We may question what allowed Egypt to exhibit a high yield (with 9.4 tons per hectare
in Figure 1) compared with the other African countries. Among the treated countries, it is
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the only commercially developed nation to which this hybrid rice program of establishing
and producing domestic rice seeds was applied. In Egypt, hybrid rice technology proved
to be a promising pathway if Africa could become involved in (1) adopting adaptive
varieties (with hybrid robustness) that can resist diseases and drought, (2) encouraging the
private sector to ensure there is a permanent local supply by implementing an industrial
system of rice seed production, and (3) research and development (R&D). African countries
failed to perform well in developing the hybrid rice technology sustainably due to some
determining factors, such as the lack of (1) local, appropriately trained human resources;
(2) satisfaction with the procedures for hybrid rice cultivation necessitating local farmers’
skills; (3) developed irrigation and transportation infrastructures; (4) nutrient access; and
(5) advanced R&D [7–9].

To achieve sustainable rice productivity, Africa needs to select technological irrigation
based on a combination of technologies founded on local abilities, adaptive seeds supplied
locally, and established mechanisms that guarantee the capability of farmers to lead the
whole value chain, including with respect to growing crops, harvesting, processing, and
gaining access to a market with reasonable prices [18].

To make African countries better local rice producers, the Sino–Africa policy of rice
cooperation needs to consider models for selecting the right seeds, selective technologies
appropriate to African approaches, and the sharing of China’s expertise on sustainable rice
production. There is also a need to carefully diagnose how cooperation between China and
Africa can be achieved and identify who the main actors must be [19]. African rice farmers
must be integrated into all rice extension services. African and Chinese policymakers have
to plan the strategic objectives to be achieved; they have to select the activities to prioritize,
such as encouraging public and private investments in basic agricultural infrastructure
and intervening in any possible land reform. This study suggests that Chinese donors are
working to improve transportation and energy infrastructures in Africa, essential factors
for decreasing the unit cost of irrigation infrastructures. Africa can achieve sustainable rice
production once investors prioritize a stakeholder-participatory approach to dealing with
rice farmers and regional potentialities [20].

Author Contributions: Conceptualization, S.N. and X.L.; methodology, S.N.; software, S.N.; valida-
tion, S.N., X.L. and L.C.; formal analysis, X.L.; investigation, S.N.; resources, X.L.; data curation, S.N.;
writing—original draft preparation, S.N.; writing—review and editing, X.L.; visualization, X.L. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to ongoing analyses and planned future publications.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

DiD Difference-in-Differences
R&D Research and development



Proceedings 2025, 117, 24 6 of 6

References
1. Food and Agriculture Organization. FAOSTAT Statistical Database of the United Nation Food and Agriculture Organization (FAO)

Statistical Division; Food and Agriculture Organization: Rome, Italy, 2019.
2. Virmani, S.S.; Kumar, I. Development and use of hybrid rice technology to increase rice productivity in the tropics. Int. Rice Res.

Notes 2004, 29, 10–19.
3. Virmani, S.S. Hybrid rice. Adv. Agron. 1996, 57, 377–462.
4. Abebrese, S.O.; Yeboah, A. Hybrid Rice in Africa: Progress, Prospects, and Challenges. In Recent Advances in Rice Research;

IntechOpen: London, UK, 2020.
5. Chen, Y.; Landry, D.G. Where Africa Meets Asia: Chinese Agricultural and Manufacturing Investment in Madagascar; Working Paper;

China Africa Research Initiative (CARI), School of Advanced International Studies (SAIS), Johns Hopkins University: Washington,
DC, USA, 2016.

6. Available online: https://www.fao.org/aquastat/statistics/query/index.html;jsessionid=4BE4200DB31883D3DEC97D6F5E9
BA001 (accessed on 20 June 2020).

7. El-Namaky, R.A.; Demont, M. Hybrid Rice in Africa: Challenges and Prospects. Realiz. Afr. Rice Promise 2013, 13, 173–178.
8. Shiyam, J.O.; Binang, W.B.; Ittah, M.A. Evaluation of growth and yield attributes of some lowland chinese hybrid rice (Oryza

sativa L.) varieties in the Coastal Humid Forest Zone of Nigeria. IOSR J. Agric. Vet. Sci. 2014, 7, 70–73. [CrossRef]
9. Hanjra, M.A.; Gichuki, F. Investments in agricultural water management for poverty reduction in Africa: Case studies of Limpopo,

Nile, and Volta River basins. In Natural Resources Forum; Wiley Online Library: Hoboken, NJ, USA, 2008; pp. 185–202.
10. Ding, X.; Chai, Q.; Chen, C. China–Africa Economic and Trade Cooperation from the Perspective of the Community with Shared

Benefits: Achievements, Challenges, and Prospects. World Rev. Political Econ. 2020, 11, 208–231. [CrossRef]
11. Tugendhat, H.; Alemu, D. Chinese agricultural training courses for African officials: Between power and partnerships. World Dev.

2016, 81, 71–81. [CrossRef]
12. Xu, X.; Li, X.; Qi, G.; Tang, L.; Mukwereza, L. Science, technology, and the politics of knowledge: The case of China’s agricultural

technology demonstration centers in Africa. World Dev. 2016, 81, 82–91. [CrossRef]
13. Totin, E.; Van Mierlo, B.; Saïdou, A.; Mongbo, R.; Agbossou, E.; Stroosnijder, L.; Leeuwis, C. Barriers and opportunities for

innovation in rice production in the inland valleys of Benin. NJAS-Wagening. J. Life Sci. 2012, 60, 57–66. [CrossRef]
14. Raza, Q.; Bashir, M.; Rehim, A.; Zafar-ul-Hye, M.; Tarar, Z. Achieving sustainable rice production with the application of

sugarcane industrial by-products. Pak. J. Agric. Agric. Eng. Vet. Sci. 2021, 37, 1–10. [CrossRef]
15. Bank, W. Is African Agriculture Intensifying? The Status in Six African Countries; World Bank: Washington, DC, USA, 2016.
16. Available online: https://data.worldbank.org/indicator/AG.PRD.FOOD.XD?locations=ZG (accessed on 28 July 2020).
17. Xiao, L.; He, X.; Liu, M.; Cai, J.; Shi, Q.; Pan, X. An analysis of the status of the development of the mechanization of rice

production in the double cropping rice area in South China. Acta Agric. Univ. Jiangxiensis 2013, 35, 682–686.
18. Lankford, B. Viewpoint—The right irrigation? Policy directions for agricultural water management in sub-Saharan Africa. Water

Altern. 2009, 2, 476–480.
19. Ralphs, G.; Wagner, I.E. Towards better joint work: Reflections on partnership effectiveness. In Africa-Europe Research and

Innovation Cooperation; Palgrave Macmillan: Cham, Switzerland, 2018; pp. 123–140.
20. Rodenburg, J.; Zwart, S.J.; Kiepe, P.; Narteh, L.T.; Dogbe, W.; Wopereis, M.C. Sustainable rice production in African inland valleys:

Seizing regional potentials through local approaches. Agric. Syst. 2014, 123, 1–11. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.fao.org/aquastat/statistics/query/index.html;jsessionid=4BE4200DB31883D3DEC97D6F5E9BA001
https://www.fao.org/aquastat/statistics/query/index.html;jsessionid=4BE4200DB31883D3DEC97D6F5E9BA001
https://doi.org/10.9790/2380-07217073
https://doi.org/10.13169/worlrevipoliecon.11.2.0208
https://doi.org/10.1016/j.worlddev.2016.01.022
https://doi.org/10.1016/j.worlddev.2016.01.003
https://doi.org/10.1016/j.njas.2012.06.001
https://doi.org/10.47432/2021.37.1.1
https://data.worldbank.org/indicator/AG.PRD.FOOD.XD?locations=ZG
https://doi.org/10.1016/j.agsy.2013.09.004

	Introduction 
	Methods and Materials 
	Results 
	Conclusions and Discussion 
	References

