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ABSTRACT

From years ago, climate change effects are happening in different areas of the world, including
Rwanda. Potato as one of main commodities grown mainly in the cooler and wetter highlands of
Rwanda, its production could be facing the global warming. The purpose of this study is to carry out
weather (temperature and rainfall) change dynamics in the potato growing zones of Rwanda over
the last thirty years. Weather daily data from 1987 to 2016 were collected from three weather
stations, at Kawangire for low elevation, at Gikongoro mid elevation, and at Kora high elevation,
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respectively. Farmers were interviewed to know their perceptions on weather conditions during past
thirty years. Weather data were analyzed by ombrothermic diagram, Nickolson Index and graphing
with generated trend equation methods. Interview data were analyzed with Chi-square test at P
=.05. Results have shown as dry June, July and August months in low elevation; June, July and
August in medium elevation and June and July in high elevation depending on decade. Rainfall was
increasing in low and medium elevations, while it was decreasing in high elevation. Temperature
was decreasing in low elevation area and it was increasing in medium and high elevation areas. All
interviewed farmers confirmed long term-shift in temperature and precipitations. A total of 95%,
54% and 43% of farmers from respectively low, medium and high elevations reported that weather
was becoming wetter during last years. As conclusion, potato growing cooler and wetter conditions
of high elevation are shifting to low elevation in Rwanda. For climate change mitigation, Rwanda
needs to promote potato in its Eastern part, the low elevation region, in order to increase the crop
production in the future.

Keywords: Agro-climatic characterization; climate change; farmer perceptions; potato production;
Rwanda.

1. INTRODUCTION Rwanda. Specifically, the study determined dry
months, inter-year variability of precipitations,
Potato is the fourth most important food crop temperature trends, dry, wet, cold and hot years,
worldwide after maize, rice and wheat [1]. It is all of them in 30 passed years (from 1987 to
grown in 140 countries [2]. Rwanda is among five ~ 2016) in Rwandan potato production areas. The
African countries producing potato and third study has also assessed how farmers from the
producer in Sub-Saharan Africa [3]. Potato is Study areas perceive climate change.
grown in all parts of country, mainly above 1800
masl. Yields vary from 9 to 10 tons per hectare. 2. MATERIALS AND METHODS
Climate change will affect global human feeding
by 2050 [4]. Global temperature would increase 2.1 Study Area
to between 1.9 and 4°C during century, and this
will affect global agriculture in general [5]. In Rwanda is an East Africa country of 26,338 km
East Africa, temperature will likely exceed 2°C  square at -1° 56'37.34” S and 29° 52'50.08” E,
until mid-21* century and more than 4°C at the predicting a population of between 15.4-16.9
end of century. During this period, potato yield is  million in 2032 [12]. It is characterized by moist
predicted to be affected by global warming at -15  highland tropical climate, with temperature and
to +10% level [6]. Rwanda is recognized by its rainfall ranging between 16-20°C and 1,000-
tropical climate moderate and hilly topography 1,600 mm, respectively. The country has a
[7]. Climate change affects Rwanda depending highland part of North-West with altitude, which
on its regions variability [8]. Precipitations are exceeds 2,300 masl, and the eastern, south and
predicted to be reduced in this country [9]. It is  central parts where altitudes vary between 1,500
predicted rainfall variations between -100 mm and 1,900 masl. [13].
and + 400 mm from 2000 to 2050 and
temperature variations between +1.3°C and - In Rwanda, potato is grown over 2 or even 3
1.9°C up to 2050 [10]. Some consequences seasons during a year, often on the same land.
could result from these increases or variations  The first starts in February for ending in June (
like floods, storms, landslides, crop losses and season B) and from September to December as
diseases, including potato. Despite information second annual season (Season A) [14,15,16,10].
above, climate change evolution is uncertain in  Three locations, Kayonza, Nyamagabe and
Rwanda. Temperature or rainfall can increase or  Nyabihu, were chosen for this study. The study
decrease, because there is no sufficient climate area locations were chosen because they
data which could help to predict well the situation  different in terms of agro-ecological conditions
[11]. Up to now, no study was done with the and are potato growing zones. Therefore, can
purpose of showing climate variability over last give information about to promote potato in the
years in this country. This study will contribute to  future. Kayonza is located is Eastern Rwanda,
carry out climate change situation in Rwanda. characterized by rainfall between 740 and 1130
This study aimed at assessing the climate mm, temperature which some time reach 30°C.
characteristics change over the past years in Nyamagabe is located in Southern Province,

2
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Crete Congo Nile watershed with elevation
average of 1800 m, temperatures varying
between 15-17°C, abundant rainfall. Nyabihu is
localized in northern part of Western Province, in
Birunga agro-ecological zone (volcanic zone)
and low temperature [16,17,18]. Kayonza,
Nyamagabe and Nyabihu were chosen as study
area representing low, medium and high
elevations, respectively (Fig. 1). Three weather
stations such as Kawangire from Kayonza,
Gikongoro from Nyamagabe and Kora from
Nyabihu were considered. Kawangire weather
station is hold by Mukarange sector at 1581m
altitude, 30.5°C longitude and -1.9°C latitude;
Gikongoro weather station is localized in Gasaka
sector, 1910 m altitude, at 29.56°C longitude and
-2.46°C latitude. Kora weather station is located
in Bigogwe sector, at 2500 m altitude, 29.45°C
longitude and -1.6°C latitude.

2.2 Data Collection and Analysis

Two approaches were used: collection of
meteorological data and field survey, interviewing
potato farmers by designed and structured
guestionnaire. Daily rainfall and temperature for
thirty years (from 1987 to 2016) were collected

from Rwanda Meteorological Agency (RMA)
primary data. For constituting analysis baseline,
excel calculations were done for having monthly
and annual data. Then data were organized for
analysis using following graphical tools:

1. Ombrothermic diagram to determine dry
and wet moths. Graph in rainfall
histograms and temperature in transversal
line was done after calculating of same
month averages from thirty considered
years. Graphs were generated in terms
three decades (1987-1996, 1997-2006 and
2007-2016) for each elevation level.

Nicholson Index method to carry out
interannual variabilities of rainfall was used
following formula [19].

Xi—X
Ii =

g

Where li is pluviometry index, Xi is Rainfall height
of the year (mm), X is average of rainfall height
for the study period and o is Standard deviation
of rainfall height during study period.
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Fig. 1. Map showing three locations of study area
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Formula application was followed by results
excel graphing with generated trend equation
demonstrating precipitations’ positive or negative
evolution for each elevation level [20].

3. Excel graphing with generated trend
equation demonstrating evolution was
used for temperature averages in three
elevations in terms of years (from 1987 to
2016). Graphics with generated trend
equations will carry out the cold and hot

years.

Interview face-to-face was done through
148 questionnaires distributed to men and
women, in terms of 43, 55 and 50
questionnaires in low, medium and high

elevations  respectively. Questionnaire
number was estimated according to
total potato farmers’ number owned

by study area location and calculated
through the following binomial distribution
equation:

N =1.96° * (P) (1- P)/d?

Where N is number of samples, 1.96 is Z value
for 95% confidence limits, P is estimated
prevalence (for instance 0,3 for 30%), (P) (1-P) is
deviation for a binary variable (binomial) and d =
1/2 of the desired confidence interval (for
instance 0,025 for + 5%) [21]. Asked questions
were focusing on rainfall and temperature during
thirty last years. Statistical data analysis was
done by Chi-square test at P =.05.

3. RESULTS
3.1 Determination of Dry and Wet Months

In low elevation, the analysis showed that June,
July and August are dry months in three
elevation levels (Fig. 2). The three decades
showed two rainfall periods during the year,
which lasted from January to May as the first
period and from September to December as the
second period. Rainfall peak quantities are in
April, with 145.5mm, 153.0 mm and 140.4mm
averages, respectively for the first, second and
third decades. The lowest rainfall quantities are
in Julies months in terms of 0.9mm and 5,1mm
respectively for the first and third decades, while
it is 12.7mm for the second one. In medium
elevation, two months were found dry depending
on decade (Fig. 3). In medium elevation, June
and July are noted as dry months in first and
second decades, while July and August are dry

65

in the third decade. Peak Rainfall is in April
month in the first and second decades, with
respectively 197.3mm and 216.3mm. The peak
rainfall month for the third decade is December
with 174.3mm. July months were characterized
by lowest rainfall quantities of 7.1mm, 36.6mm
and 12.3mm respectively in the first, second and
third decades. In high elevation, two months are
dry in second decade (1997-2006) of high
elevation and its first and third decades were
characterized by one dry month (July) (Fig. 4).
The reading tour across figures shows
deep drought of July month of first and third
decades and a light drought of June and July of
second decade. Peak rainy months is April in first
and second decades, respectively with 187.5mm
and 195.3mm, and November as peak rain
month with 182.2mm for third decade. Lowest
rainfall month is July, with 19.3mm, 30.0mm and
6.0 mm respectively in first, second and third
decades.

Comparing decades and elevations, within each
elevation, peak rain months were found in the
second decade followed by the first one in
general. Therefore, in low elevation, the all
decades were characterized by peak rainfall in
April months, with 153 mm, 145.5 mm and 140.4
mm concomitantly in second, first and third
decades. In medium elevation, high rainfall was
met in Aprils in second and first decades in terms
of 216.3 mm and 197.3 mm, respectively, and
174.3 mm in Decembers of third decade. The
high elevation showed high rainfall of 195.3 mm
followed by 187.5 mm both for Aprils months and
from second and first decade, respectively, and
182.2mm in Novembers of third decade. Within
decades of all elevation study areas, the dry
month with high precipitations is June of the
second decade with 30.5 mm and the dry month
with low precipitations is 0.9mm of July in first
decade of low elevation. April months are always
peak rainfall months and Julies months have
always lowest rainfall quantities in the all
decades and all in all elevations. Observations
above demonstrate high rainfall quantity in
second decades followed by the first ones, while
the third decades were recognized as lowest one
in precipitations. Thus, July months are always
dry in study area. Observation of ombrothermic
diagrams showed decrease of dry months’
number from low to high elevation. This is
illustrated by three dry months’ notable in three
low elevation decades and one dry month seen
in first and third decades of high elevation study
area. Indeed, this shows decreasing trend of
rainfall from 1987 to 2016.
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Low Elevation 1987-1996
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Fig. 2. Demonstration of dry months for three decades in low elevation area

3.2 Evaluation of Inter-annual Variabilities increasing in low and medium elevations, and

of Precipitations decreasing in high elevation (Fig. 11).

Precipitation variabilities are different depending

After thirty years (from 1987 to 2016), On decades. The second decade (from 1997 to

precipitation analysis by Nicholson Index, it 2006) was characterized by high number of wet
showed that there was rainfall generally Years.
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Comparing precipitations of low elevation, the
trend equation (Y=0.0159X-0.1786) generated
with the graphic below shows positive evolution
with meaning of precipitation increasing for the
last 30 years (Fig. 5). The second decade
(1997-2006) was more characterized by low
variability and was wetter than others with
high rainfall of 1232mm in 2007. Precipitations
variabilities were accentuated in third decade,

and its 2015 year was the driest with 716mm
of rainfall. Number of dry years shifted from
three (1998, 1999 and 2005) in second decade
to six years (2009, 2010, 2012, 2013, 2014 and
2015) in third decade. In the first decade,
three years (1988, 1995 and 1996) are wet and
the two years (1991 and 1992) are the driest of
the study thirty years. The total of wet years is
fifteen (15).

Medium Elevation 1986-1997
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Fig. 3. Demonstration of dry months for three decades in medium elevation area
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High Elevation 1987-1996
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Fig. 4. Demonstration of dry months for three decades in high elevation area

Just like in low elevation, the trend equation
(Y=0.0001X+0.072) generated with graphic
demonstrates precipitations’ increasing for the
last 30 years in medium elevation (Fig. 6).
Second decade is the wettest among others with
few precipitations inter-annual variability which
are more visible in third decade. Therefore, many
years of second decade were wet. The year
2016, the last of the 30 years included in our
study, was the driest with 682 mm. Dry years’
number shifted from one (2005) in second
decade to four (2008, 2012, 2015 and 2016) in
third decade, while only two years of the first
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decade (1995 and 1996) were wet. The driest
years were 2005 and 2016 of the third decade.
Fifteen years were found wet.

In high elevation, results were very different from
previously described sites: trend equation (Y= -
0.0238X + 0.4926) generated with graphic shows
negative  evolution meaning  precipitation
decreasing (Fig. 7).

Likely previously, second decade is the wettest
and 2013 of third decade is the driest within thirty
years with 1052mm of rainfall. First and third
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decades showed more precipitation inter-annual
variability. Dry years’ number changed from two
(2004 and 2005) in second decade to seven
years (2008, 2009, 2012, 2013, 2014, 2015 and
2016) in third decade. The wettest year is 1988
of the first decade with 1622mm of rainfall.
Sixteen years (1987, 1988, 1990, 1994, 1996,
1997, 1998, 1999, 2000, 2001, 2002, 2003,
2006, 2007, 1010 and 2011) were wet.

Comparing the three elevation levels during 30
years, medium elevation was the wettest with
rainfall average of 1324.1 mm, followed by high
elevation with rainfall average of 1273.2mm and
low elevation was the driest with rainfall average
of 929.3 mm. During thirty years, rainfall
increased in low and medium elevations, and it
was decreasing in high elevation. First and third
decades in all elevation levels were
characterized by remarkable variability of annual
precipitations.

3.3 Evaluation of Inter-annual Variabilities
of Temperature

Regarding temperature trends, there is an
increase from 1987 to 2016 in high and medium
elevations while low elevation is characterized by

2.5

temperature decrease. In addition, there is
decrease from low to high elevation areas,
because for 30 years, averages temperatures
are 21.2°C, 18.2°C and 16.1°C for low, medium
and high elevation areas, respectively.

In low elevation, the graphic with generated
equation (Y= -0.0045X + 0.029) rises
temperature decreasing for thirty years (Fig. 8).
The number of hot years moved from four (1988,
1992, 1993 and 1996) to three years (2007, 2014
and 2016) in the third decade. The coldest year
is 2011 of third decade followed by 2001 of the
second one. The two hottest years are 1998 and
2005 of the second decade. Calculated average
temperature of low elevation for thirty years is
16.1°C. A total of 12 years was found hot.

In medium elevation, the temperature was shown
as increased as it is shown be the Fig. 9. The
number of hot years change from five (1987,
1988, 1990, 1992 and 1993) in the first decade
to six years (2007, 2010, 2013, 2014, 2015 and
2016) in the third decade. The hottest year is
2016 followed by 1998. Sixteen years (1987,
1988, 1990, 1992, 1993, 1998, 2003, 2004,
2005, 2006, 2007, 2010, 2013, 2014, 2015 and
2016) have been hot.
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For high elevation, as it is illustrated by Fig. 10,
the temperature increased from 1987 to 2016.
This increase was due to 16 years which were
hot, such as from 1993 to 2004, 2006, 2007,
2015 and 2016. The second decade was
characterized by the hotness. After the analysis,
sixteen years were noted hot.

3.4 Farmers’ Climate
Change

Perceptions on

3.4.1 Temperatures

About 82%, 76% and 54% of respondents from
low, medium and high elevations respectively
reported have noticed some long-term shift in
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temperature in  their farms (Fig. 11).
Furthermore, 100%, 95% and 58% of
respondents from low, medium and high
elevations respectively stated that the weather
became warmer (Fig. 12).

3.4.2 Precipitations

Similarly, around 88%, 98% and 74% of
respondents from low, medium and high
elevation areas respectively reported have
noticed some long-term shift in precipitations in
their farms (Fig. 13). Moreover, 95%, 54% and
43% of respondents from Low, Medium and high
elevations respectively stated that the weather
became wetter (Fig. 14).
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4. DISCUSSION AND CONCLUSIONS

This study proved that from 1987 to 2016 climate
was changed in Rwanda. Rainy periods’ length is
variable (two or three dry months) depending on
elevation area. Annual precipitations were
reducing at high elevation site and increasing in
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Elevation areas

Fig. 12. Number of farmers noted if shifting of
weather from cooler to warmer

Chi-square test p-value<0.0001
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Fig. 14. Number of farmers having reported
weather was becoming wetter during years

medium and low elevation sites, with annual
variability. Temperatures were increasing in high
and medium elevation sites while decreasing in
low elevation site. High elevation areas are
wetter and cooler, and they are becoming drier
and warmer. The low elevations are drier and
warmer and they are becoming wetter and
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cooler. Therefore, annual precipitations and
temperature variabilities were raised by the
study. Above results found by different analytical
methods were confirmed by interviewed farmers.

This study is important to know climate
conditions for potato productivity system in
Rwanda. It is predicted that temperature

amplitudes will increase in the future and will
have effect on potato pests and pathogens [22].
Previous studies demonstrated that temperature
amplitude impacts positively potato late blight
disease [23]. Elevated temperatures (20-30°C)
reduce potato tuber numbers and photosynthesis
up to 20%, and shift biomass from tubers to
leaves [24]. Potato need temperature for tuber
formation, general at 20°C as optimum [25].
Many studies predicted climate variability impact
on different crops including potato [26]. The
study revealed three dry months (June, July and
August) with increasing in number from high to
low elevation study areas. From July to
September is a season C between two rainy
seasons (A&B) for crops which supplement diet
[4]. The three months constitute an off- short and
dry season between two rainy seasons which are
suitable for potato production in the country [10]
Found rainfall averages are 1324.1mm, 1273.2
mm and 929.3 mm respectively in medium, high
and low elevations. Annual rainfall on all
Rwandan territory in around 1250 mm [16,10].
South-Eastern part (low elevation area) of the
Country is characterized by drought and rainfall
between 700 and 970 mm per year and North-
Western part (high elevation area) is recognized
by abundant rainfall [16]. Eastern province,
including low elevation study area (Kayonza
district) receives between 740-1130 mm annually
[18]. High precipitations are found in Congo-Nile
region holding medium et high elevation study
area [4]. The study found rainfall decreasing from
1987 to 2016, and the second decade (1997-
2006) was found wetter in all study areas. In mid-
century (between 2040-2069) precipitations are
predicted to decrease 6% (from 1139 mm to
1066mm) in all Rwandan provinces [9]. Severe
drought was reported in 2000 and floods were
noted in 1997, 2006, 2007, 2008 and 2009
through Nicholson index [10], the mostly yearly
wetness confirmed by this study. In western
Province, previous studies reported 1993, 1995,
2002 and 2016 as dry, while the period of 2006-
2010 and 2014 were wetter likely confirmed in
this study [18]. The study resulted with 21.2°C,
18.2°C and 16.1°C temperature averages in low,
medium and high elevations respectively. The
country is characterized by temperate climate
with temperature average between 16 and 20°C
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[16]. Congo-Nile and Birunga regions where are
located respectively medium and high elevations
study areas are indicated by 18.1° C and 15.4°C
[4]. The same author reports that South-Eastern
part of the country (low elevation) is warmer and
drier with temperature varying between 21.7-
22°C. Study raised temperature increase for
thirty years ago especially in high elevation study
area. Previous researches reported temperature
increase in Rwanda. From 1971 to 2010,
temperature increase of 0.35°C was predicted.
Temperature increase of 2.5°C and 4°C are
predicted respectively in 2050 and 2080 [27].
Between 2040-2069, temperature is pretended
to 1.7°C increase on all Rwandan territory [9]
or to between 1.3-1.9°C [4]. The temperature
increasing in high elevation area could due
deforestation of Gishwati and Virunga Park for
agricultural activities extension. The decreasing
of temperature in low elevation area could be
due to afforestation national Program, aiming to
increase agricultural productivity in that area.
Through above findings, potato growth cooler
and wetter conditions are shifting from high to
low elevations. As strategy for climate change
mitigation, Rwanda needs to promote potato in
Est, the lower elevation region, in order to
increase the crop production in the future. Father
researches are recommended to know impact of
weather factors (temperature and rainfall) on
potato productions for supporting the suggested
strategy in this study.

CONSENT AND ETHICAL APPROVAL

Interviews were done after farmer consent. The
research proposal was approved by University
Felix (U-FHB) as part of PhD studies. Field work
was facilitated by Rwanda Agriculture and
Animal Resources Development Board (RAB).

DISCLAIMER

This paper is an extended version of a preprint
document of the same author.

The preprint document is available in this link:
https://www.researchsquare.com/article/rs-
1877848/v1

[As per journal policy, preprint can be published
as a journal article, provided it is not published in
any other journal]

ACKNOWLEDGEMENT

| acknowledge the “Partnership for skills in
Applied Sciences Engineering and Technology


https://www.researchsquare.com/article/rs-1877848/v1
https://www.researchsquare.com/article/rs-1877848/v1

Nduwayezu et al.; Int. J. Environ. Clim. Change, vol. 13, no. 1, pp. 62-74, 2023; Article no.lJECC.95325

(PASET)-Regional Scholarship and Innovation
Fund (RSIF) for funding this research. We

acknowledge Prof

Kouamé K. Didier for

challenging supervision, contributing a lot to our
research skills development.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

Raymundo R, et al. Climate change impact
on global potato production. European
Journal of Agronomy. 2018;100:87-98.
Available:https://doi.org/10.1016/j.eja.2017
.11.008

Islam MU, Muhammad S, Shahbaz M,
Javed MA, Khan NH, Amrao L. Screening
of potato germplasm against RNA viruses
and their identification through ELISA. J
Green Physiol Genet Genom. 2015;1:22-
31.

Uwamahoro F, Berlin A, Bucagu C, Bylund
H, Yuen J. Potato bacterial wilt in Rwanda:
Occurrence, risk  factors,  farmers’
knowledge and attitudes. Food Security.
2018;10(5):1221-1235.

Austin KG, Beach RH, Lapidus D, Salem
ME, Taylor NJ, Knudsen M, Ujeneza N.
Impacts of climate change on the potential
productivity of eleven staple crops in
Rwanda. Sustainability. 2020;12(10):4116.
Available:https://doi.org/10.3390/su121041
16.

Singh HCP. Adaptation and mitigation
strategies for climate-resilient horticulture.
In climate-resilient horticulture: Adaptation
and mitigation strategies. Springer, India.
2013:1-12.
Available:https://doi.org/10.1007/978-81-
322-0974-4_1

Adhikari U, Nejadhashemi AP, Woznicki
SA. Climate change and eastern Africa: A
review of impact on major crops. Food and
Energy Security. 2015;4(2):110-132.
Available:https://doi.org/10.1002/fes3.61
Republic of Rwanda. Third National
Communication: Report to the United
Nations Framework Convention on Climate
Change. Republic of Rwanda, Kigali; 2018.
Available:www.rema.gov.rw

Kubwimana JR. Impacts of climate change
on agricultural production in Rwanda.
2021:1-44.

Available on: https://www.frontiersin.org

73

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hunter R, Crespo O, Coldrey K, Cronin K,
New M. Research highlights — climate
change and future crop suitability in
Rwanda. The Greenhouse Effect and
Primary Productivity in European Agro-
Ecosystems. 2020:3-6.
Available:https://www.ifad.org/documents/3
8714170/42164624/climate_analysis_rwan
da.pdf

Shimira F, Afloukou F, Maniriho F. A
review on challenges and prospects of
potato (Solanum tuberosum) production
systems in Rwanda. Journal of Horticulture
and Postharvest Research. 2020;3(Special
Issue-Abiotic and Biotic Stresses):97-112.
Available:https://doi.org/10.22077/jhpr.202
0.2854.1099

Megan C. Green growth and climate
change policies. 2011a:135-167.
Available:https://doi.org/10.1787/eco_surv
eys-nz|-2011-7

National Institute of Statstics of Rwanda.
Seasonal Agricultural Survey. 2019:123.
Available:https://www.statistics.gov.rw/publ
ication/seasonal-agricultural-survey-2019-
annual-report

Almasi MA, Jafary H, Moradi A, Zand N,
Ojaghkandi MA, Aghaei S. Detection of
coat protein gene of the potato leafroll
virus by reverse transcription loop-
mediated isothermal amplification. J Plant
Pathol Microb. 2013;4(156):2.
Available:https://doi.org/10.4172/2157-
7471.1000156

Danial D, De Vries M, Lindhout P.
Exploring the potential of hybrid potato
cultivars in East Africa; 2016.
Karemangingo C, Bugenimana DE.
Productivity of Irish potato varieties under
increasing nitrogen fertilizer application
rates in Eastern Rwanda. African Journal
of Agricultural Research. 2018;13(19):988-
995.
Available:https://doi.org/10.5897/ajar2018.
13068

Mikova K, Makupa E, Kayumba J. Effect of
climate change on crop production in
Rwanda. Earth Sciences. 2015;4(3):120-
128.
Available:https://doi.org/10.11648/j.earth.2
0150403.15

Rushemuka PN, Bock L, Mowo JG. Soil
science and agricultural development in
Rwanda: State of the art. A review. BASE;
2014.

Ndakize JS, Ntirenganya F. A statistical
analysis of the historical rainfall data over


https://doi.org/10.1016/j.eja.2017.11.008
https://doi.org/10.1016/j.eja.2017.11.008
https://doi.org/10.3390/su12104116
https://doi.org/10.3390/su12104116
https://doi.org/10.1002/fes3.61
file:///C:/Users/user/Downloads/Available%20on:%20https:/www.frontiersin.org › 
file:///C:/Users/user/Downloads/Available%20on:%20https:/www.frontiersin.org › 
file:///C:/Users/user/Downloads/Available%20on:%20https:/www.frontiersin.org › 

19.

20.

21.

22,

23.

Nduwayezu et al.; Int. J. Environ. Clim. Change, vol. 13, no. 1, pp. 62-74, 2023; Article no.lJECC.95325

Eastern province in Rwanda. East African
Journal Science. 2020;10(10).

Assemian E, et al. Etude de I'impact des
variabilités climatiques sur les ressources
hydriques d’un milieu tropical humide: Cas
du département de Bongouanou (Est de la
Céte d'ivoire). Revue des sciences de
'eau/Journal of Water Science. 2013;26
(3):247-261.

Available on: https://www.readcube.com
Nzeyimana |. Optimizing Arabica coffee
production systems in Rwanda: A multiple-
scale analysis (Doctoral dissertation,
Wageningen University and Research);
2018.
Available:https://www.researchgate.net
Available:https://edepot.wur.nl

Mugabo J, Nyamwaro SO, Kalibwani R,
Tenywa MM, Buruchara R, Fatunbi A.
Innovation  opportunities  in  potato
production in Rwanda. FARA Research
Reports. 2018;2(16):15.

Quiroz R, et al. Impact of climate change
on the potato crop and biodiversity in its
center of origin. Open Agriculture.
2018;3(1):273-283.
Available:https://doi.org/10.1515/opag-
2018-0029.

Shakya SK, Goss EM, Dufault NS, van
Bruggen AHC. Potential effects of diurnal

24.

25.

26.

temperature oscillations on potato late
blight with special reference to climate
change. Phytopathology. 2015;105(2):230-
238.
Available:https://doi.org/10.1094/PHYTO-
05-14-0132-R

Hancock RD, et al. Physiological,
biochemical and molecular responses of
the potato (S olanum tuberosum L.)
plant to moderately elevated temperature.
Plant, cell & environment. 2014;37(2):439-
450.
Available:https://doi.org/10.1111/pce.1216
8

Sandhu SK, Kingra P, Kaur S. Effect
of climate change on productivity and
disease scenario of potato-a review.
Journal of Agricultural Physics. 2018;18(2):
141-157.
Available:https://lwww.researchgate.net
Naikwade P. Imapact of climate change on
potato production and mitigation; 2021.
Available:https://www.researchgate.net >
publication » link

Zone EH, Adem SA. Impacts of rainfall
variability on potato productivity in
Haramaya District , Eastern Hararge Zone,
Ethiopia; 2021.
Available:https://doi.org/10.11648/j.jcebe.2
0210501.13

© 2023 Nduwayezu et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle5.com/review-history/95325

74


file:///C:/Users/user/Downloads/Available%20on:%20https:/www.readcube.com
file:///C:/Users/user/Downloads/Available%20on:%20https:/www.readcube.com
file:///C:/Users/user/Downloads/Available%20on:%20https:/www.readcube.com
file:///C:/Users/user/Downloads/,%20https:/edepot.wur.nl,
file:///C:/Users/user/Downloads/,%20https:/edepot.wur.nl,
https://doi.org/10.1515/opag-2018-0029
https://doi.org/10.1515/opag-2018-0029
https://www.researchgate.net 
http://creativecommons.org/licenses/by/2.0

