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Introduction
Climate change is an existing phenomenon that pose a 

serious danger to agricultural productivity and ecological 
protection in Sub-Saharan Africa [1]. Ethiopia is tremendously 
exposed to climate change impacts, i.e., extensive periods 
of drought have become more frequent in the pastdecade 
and caused significant economic losses mainly through their 
impact on agricultural productivity [2]. Among the agriculture 
sector, crop production is the most vulnerable one to climate 
change [3]. Climate change in combination with other factors 
such as small land size, lack of resources, and increasing 
degradation of soil quality are the constraints that Ethiopia’s 
farm systems are facing today and hamper sustainable crop 
production and food security [4].

It is predicted that crop grain yields are very sensitive 
to changes in CO2, temperature, and nitrogen (N) fertilizer 
amounts [5-7]. For instance, [8] found that the wheat yield 
reduction (36 to 40%) than maize in the mid of the century 
(2021-2050).Similarly, [9] found that elevated temperature 

will reduce the total wheat production at a rate of 0.3928 
Mt yr -1 during the period 1980-2016. Whereas, elevated 
CO2 levels, water availability through irrigation, and nitrogen 
fertilizers have led to an increase in annual wheat production 
at 0.67, 0.25, and 0.26 Mt yr -1 , respectively, averaged over 
the period 1980-2016 in the case of India [9]. A strong increase 
in vulnerability is noted over time in the eastern and southern 
parts of Ethiopia [10]. The vulnerability analysis done for East 
Hararghe, Ethiopia, also revealed that more households are 
to be food insecure in the future than present [11].
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impact on agricultural output, however increased average 
temperatures have a negative impact on agricultural output 
in Ethiopia. Projected impact of climate change (2041-2070) 
indicated that mean yields of tropical cereals decrease over 
23% of tropical cereal harvested areas, while a decline in 
mean maize yield computed over 85% of harvested maize 
areas in West Africa, 32% in East Africa, and 29% in Southern 
Africa [14].

In Ethiopia, According to [25], maize yields will decrease by 
up to 43 and 24% at Bako and Melkassa stations, respectively, 
while simulated maize yield in Hawassa shows an increase by 
51% at the end of the century (2099). [26] also predicted that 
more than 30% and up to 50% maize yield lose in the case of 
rainfed and irrigation agriculture, respectively, until the end 
of the century due to the strong heat response in Gambella 
Region, Ethiopia. Production of teff, maize, and sorghum will 
decline by 25.4, 21.8, and 25.2 percent, respectively, by 2050 
compared to the base period in Ethiopia [12]. However, [27] 
found that climate change will probably have only relatively 
small effects on the average yields of maize, wheat, and 
sorghum in Ethiopia in 2035 and even in 2055. [28] illustrate 
that Ethiopian Nile Basins are negatively affected by climate 
change at varying levels. The higher increase in growing season 
temperatures combined with high inter-annual and intra-
seasonal variability of rainfall adversely affect crop production 
[20]. For example, a very high crop yield decline was found 
in Denbia woreda of Amhara Region, Northwest Ethiopia 
since the past 20 years [29]. Similarly, [30] shows an adverse 
effect of climate change on agricultural crop productivity and 
production through shortening of maturity period, decreasing 
crop yields, depressing the quality and quantity of crops in 
Mettu Woreda, Ethiopia. Furthermore, climate change will 
force species to shift and induce an increase in coffee and 
tef yields by 31% and 8.3%, respectively, at high altitudes in 
the years 2041-2060 compared to 1988-2018 [31]. Whereas 
climate change will reduce coffee yield by 3% at low altitudes, 
and barley, maize, and wheat yield by 22.7%, 48%, and 10%, 
respectively, at high altitudes in Ethiopia [31].

Moreover, climate change is discarding crop production 
in Kolla (90 %), mainly maize and teff and Weynadega (79 
%) such as fava bean, barley, and wheat crops in the case of 
Semien Shewa Zone of Ethiopia [32]. As a result, crop failure/
yield reduction is used as one of an indicator of climate 
change by small holder farmers of the Central Rift Valley of 
Ethiopia (31%) [33], Northwestern Ethiopia (24.8%) [34], and 
Eastern Ethiopia (37.36%) [17]. Similarly, the maize producers 
of Eastern Ethiopia smallholder farmers perceived that 
drought, diseases and pests, dwindling of soil fertility, and 
declining crop yields are the major impacts of climate change 
that affect maize production [17].

Strategies of Sustainable Agricultural Crop 
Yield Production in the Face of Climate 
Change in the Case of Ethiopia

There is a highly need to implement climate change 
adaptation measures to maintain and/or increase crop 
productivity sustainably in Ethiopia in the face of climate 

On top of this, climate change will cause losses of 31.1 
percent agricultural GDP at factor cost by 2050 and climate 
change impacts tend to hurt the income of the poor in drought-
prone regions among rural residents [12]. Thus, the use of 
different robust adaptation strategies in agricultural crop 
production is vital to halt yield reduction and food insecurity 
problems and further economic crises that caused due to 
climate change [12,13]. Ref. [14] also noted that frustration of 
smallholder farmers of Sub-Saharan Africa in crop production 
and hence food security due to the impact of climate change 
will continue unless vigorous adaptation measures are 
taken. Since temperature, CO2, soil moisture, and nitrogen 
deposition are the parameters that changed due to climate 
change [15], implementation of nature-based adaptation 
measures is highly demanded in the agricultural sector. In 
which nature-based climate change adaptation measure is 
an ecological approach that aims to give an environmentally 
and socio-economically friendly solutions for environmental 
problems. However, what adaptation measures are practiced 
by smallholder farmers in Ethiopia to ensure sustainable 
agricultural crop production in the face of climate change has 
not been explored and reported in detail. Therefore, in this 
review, the climate change adaptation strategies employed 
for crop production in the agricultural sector of Ethiopia 
are evaluated in relation to balancing temperature, CO2, soil 
moisture, and nitrogen.

Climate Change and Its impact on Sustainable 
Agricultural Crop Yield Production in the 
Case of Ethiopia

Earth’s average surface air temperature has increased 
by about 1°C since 1900, with more than half of the increase 
occurring since the mid-1970s [16]. Likewise, [17] shows 
that increasing temperature and decreasing rainfall amount, 
increasing unpredictability, and fluctuation of rainfall in 
Amhara Region, Ethiopia. According to [18], the trend of 
average annual temperature and rainfall has increased by 
about 0.72°C and 153.73 mm, respectively, from 1987-2017 
in the case of Siyadebrina Wayu District, Ethiopia. [19] also 
noted an increasing minimum and maximum temperature 
and decreasing and variable annual and spring season rainfall 
in North Shewa zone, Ethiopia. The Rib watershed, north-
western highland, Ethiopia, will continue to experience 
climate change with mean annual temperature increasing 
by 0.24°C per decade and an increase in annual and Kiremt 
rainfall and a decrease in Belg rainfall [20]. Moreover, 
simulations of future climate change impacts with the Hi-
sAFe agroforestry model indicates that heat, drought, and 
nitrogen stresses increased about twofold from Past (1951-
1990) to the future (2031-2070) in the case of Mediterranean 
Environment [21].

Consequently, [22] indicate that increased in carbon 
dioxide emissions and annual temperature, and decreasing 
annual rainfall negatively affect agricultural output growth 
in Ethiopia. Similarly, [23] show that increased CO2 emissions 
negatively affect crop productivity of teff, maize, wheat, 
traded (coffee, oilseeds and pulses) and non-traded crops. 
[24] also indicate that increased rainfall has a positive 
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adjustment, Agroforestry, and soil and water management, 
particularly soil and water conservation structures and 
irrigation are widely practiced to adapt climate change in crop 
production system in different parts of Ethiopia. However, the 
application of conservation agriculture and organic fertilizer 
is used in limited parts of Ethiopia (see Table 1).

Conservation agriculture
Conservation agriculture (CA) like intercropping and crop 

rotation practices could be the best promising technologies 
that would improve sustainable production and soil 
improvement [43]. CA together with drip irrigation is also 
an efficient water saving technology and has substantial 
potential to sustain and intensify crop production in the Sub- 
Saharan Africa region [44]. CA with drip irrigation is proved to 
be an efficient water-saving technology while improving soil 
properties to support sustainable intensification in the Sub-
Humid Ethiopian Highlands [45]. CA-based systems have the 
potential to improve crop productivity through improved soil 
health [46]. For instance, improved fallow using Tephrosia 
vogelii and Cajanus cajan legume species significantly 
increased soil pH, organic carbon, and total nitrogen levels 
compared with the natural fallow in Southwestern Ethiopia. 
Hence, for Maize, grain the yield increased by 80% for 
Tephrosia and 41% for Cajanus compared with the traditional 
fallow [47]. According to [48] reduced tillage is implemented 
by smallholder farmers in Kembata, Tembaro Zone, Southern 
Nations, Nationalities, and Peoples’ Region of Ethiopia as 
climate change adaptation and mitigation measures.

Parkland Agroforestry system and practice 
Agroforestry systems are resilient to climate change [49] 

as well as woody plant species of Agroforestry systems and 
their functional traits are essential to ensure sustainable 
soil management [50]. Agroforestry systems could reduce 
maize yield losses where climate change threatens maize 
productivity in Ethiopia [51]. For instance, [21] indicate 20-
35% reduced climate change impacts like heat, drought, and 
nitrogen stresses in an agroforestry systems with medium-
sized trees otherwise which would be increased about 
twofold from past to future. Parkland agroforestry has mutual 
benefits on providing food security to small-scale farmers 
and improving the climate change adaptation and mitigation 
strategies in the case of Tigray Region, Ethiopia [52].

Farmers with increased number of trees on their farm land 
have increased crop production in the face of climate change 
in Tigray, Northern Ethiopia [53]. Reductions in the yields 
of major crops were noticed in the Parkland Agroforests of 
Southwestern Niger due to the Faidherbia albida (Delile) tree 
dieback in the system [54]. Positive effect of agroforestry in 
combination with enhanced manure management is found as 
a climate smart strategy in Central Rift Valley, Ethiopia [15]. 
[55] found that parkland agroforestry practices can be used 
as an environmentally friendly and sustainable alternative to 
maintain soil fertility. Increased soil nutrients and moisture 
was found under Agroforestry system of Rhamnus prinoide 
intercropped in the wheat fields than agricultural farm land 
in the Drylands of North Ethiopia [56].

change [35]. The adaptation methods used in the agriculture 
sector include the use of improved crop varieties, application 
of inorganic fertilizers, conservation agriculture, soil and water 
Management (in situ water harvesting measures, soil and 
water conservation measures, and supplementary irrigation), 
agroforestry, adjusted sowing dates, and application of organic 
fertilizers (see Table 1) [18,19,29,33,36,37]. From these 
practices, the use of improved crop varieties, conservation 
agriculture, soil and water Management (in situ water 
harvesting measures, soil and water conservation measures, 
and supplementary irrigation), agroforestry, adjusted sowing 
dates, and application of organic fertilizers are nature-based 
climate change adaptation measures. Where the International 
Union for the Conservation of nature (IUCN) defines nature-
based solutions as “actions to protect, sustainably manage, 
and restore natural or modified ecosystems that address 
societal challenges effectively and adaptively, simultaneously 
providing human well-being and biodiversity benefits 
[38]." For instance, from improved varieties, haricot bean 
(Phaseolus vulgaris L.) and early and mid-maturing maize 
(Zea mays L.) varieties, as well as agricultural practices like 
row-sowing, band fertilizer application, intercropping, and 
traditional rainwater-harvesting are continuously practiced 
by the farmers [39]. These continuing technologies have 
a high potential for reducing the vulnerability of rain-fed 
agriculture to rainfall variability in the case of the Central 
Rift Valley of Ethiopia [39]. Furthermore, water harvesting 
represents one of the most important strategies of coping 
with water shortage in arid and semi-arid regions [40]. 
Similarly, [11] indicate that smallholders of East Hararghe, 
Ethiopia, employee climate change adaptation strategies 
such as soil and water conservation measures and adjusting 
sowing dates are food secure than non-users. Besides, [33] 
also show that crop diversification, sowing date adjustment, 
soil and water conservation and management, increasing the 
intensity of input use like fertilizers and pesticides, integrating 
crops with livestock, and tree planting are the efforts made by 
smallholder farmers of the Central Rift Valley of Ethiopia to 
adapt climate variability and change.

Adjusting the sowing date to minimize the impact of 
heat stress, as well as using late-maturing cultivars and new 
varieties are more effective and primarily required under 
future climate conditions for the Gambella region [26]. 
Adoption of crop diversification has a positive and significant 
effects on farm income and improves the well-being of farm 
households and build a resilient agricultural system in the 
Nile basin of Ethiopia [41]. Improved seed, urea, compost and 
increased summer rainfall are significantly associated with 
the possibility of increasing maize yield [42]. However, the 
priority choice of climate change adaptation measures varies 
per agroecology of the area.

For example, changing sowing date (30.8 %) followed by 
fertilizer application(21.4%) and crop diversification (19%) 
used in lowland area, while terracing (57.5 %) followed by 
changing sowing date (11%), crop diversification (7.8 %) 
and income diversification (7.6 %) used in high land areas 
Northern Ethiopia [36]. According to this review, inorganic 
fertilizer application, use of improved varieties, planting date 
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Similarly, [57] indicated that higher soil moisture 
content at outer tree canopy cover area of Albizia saman 
(9 m distance) than in the open area (non-canopy cover) 
in the maize fields in the case of Annamalai Nagar, Tamil 
Nadu, India. Consequently, significantly higher LAI, 
biological yield and grain yield of maize were noticed 
under the canopy of A. saman from 3 m to up to 9 m 
distance apart the trunk of A. saman. In Populus deltoides 
based agroforestry system, the higher moisture content 
is found in 5 × 4 m spacing at a soil depth of 15-30 cm 
[58]. Ref. [59] also found that in the alley cropping system, 
woody vegetation helped to preserve soil moisture in 
the upper 20-30 cm layer by reducing the drying effect 
of wind and direct sunlight. This system is also showing 
a favorable range of temperature for productivity than in 
the monoculture. Hence, the alley cropping system can be 
particularly favorable for shallow-rooted intercrops, by 
controlling the water and heat balance of the soil and by 
moderating harmful extremities such as drought, extreme 
cold or heat.

In-situ Rain Water harvesting structures 
(IRWHS)

On farmland in-situ rain water harvesting is a stoppage 
of net runoff from a given cropped area by holding rain 
water and prolonging the time for infiltration [60]. Land 
suitability analysis indicates that a large part of the 
upper Blue Nile basin is suitable for in situ and ex situ 
water harvesting systems, which implies scaling of water 
harvesting practices for building resilience against climatic 
shocks [61]. More than half of the watersheds of the 
Jemma subbasin are also highly and optimally suitable for 
in-situ water harvesting under baseline and future climate 
scenarios [62]. Regarding to the success of IRWHS, a Targa 
in-situ moisture conservation structure has produced 
significantly higher grain yield, plant height, cob length, 
and biomass than Trus and Tied-ridge in Moisture Stress 
Areas of Mirab Abaya Woreda, Southern, Ethiopia [63].

Similarly, [64] found higher soil moisture, grain yield, 
and biomass in the Targa when compared with the control 
in the dry areas of Wolaita zone, southern Ethiopia. Ref. 
[65] Shows that the in-situ rainwater harvesting technique 
significantly increased the grain yield of maize due to the 
improved soil moisture storage in the case of Fedis District, 
Eastern Hararghe, Ethiopia (see Table 2). [66] have also 
indicated that pot holes, tied ridges, and mulching, in 
increasing order of effectiveness, have the potential to 
reduce the damage caused by drought stress to maize 
growth and grain yield by conserving moisture of the farm 
in drought-prone regions.

It is also projected that the association of zaï with 
mulch can increase crop yield depending on the climate 
projection scenario RCP 8.5, under which carbon dioxide 
(CO2) concentrations are projected to reach 936 ppm 
by 2100 [67]. Long-term effect of in-situ soil moisture 
conservation measures on soil properties in Emblica 
officinalis based agroforestry system showed significant 
improvements in water holding capacity, porosity, 
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grain yield by improving soil health. Parkland Agroforestry 
system mitigates and adapt to climate change as it is able 
to sequester CO2 via the woody plants and soil of its system. 
This system can combat yield reduction due to climate 
change by improving soil nutrients, conserving soil moisture, 
and ameliorating temperature of the area. On farmland in-
situ rain water harvesting structures such as Targa and Tied 
Ridges are climate change adaptation strategies that combat 
maize grain yield reduction in moisture stressed areas. The 
crop production system managed with organic fertilizer 
than inorganic one is resilient and productive in response to 
climate change as it is supported by the beneficial soil biota. 
Sustainable crop production systems under climate change 
should be supported with nature-based adaptation measures 
than non-nature-based measures. Based on this review, the 
following are recommended to researchers to undertake 
further investigation and policy makers to design agricultural 
policies that urge and force the implementation of nature-
based climate change adaptation measures that enable the 
crop production system to be productive and sustainable.

For researchers:

�� Long term field experiment on the response of crop 
yield productivity using organic versus inorganic 
fertilizers in response to climate change is highly 
essential in Ethiopia. 

�� The response of crop yield productivity other than 
maize using different in-situ rain water harvesting 
structure should be evaluated.

�� For policy makers:

�� A robust policy should be developed that strengthens/
enforce the practice of nature-based adaptation 
measures in crop production systems of Ethiopia to 
ensure sustainability.

�� Extension works on organic fertilizer practice such 
as biochar, compost, and vermicompost should be 
encouraged.

Conflict of Interest
The authors declare that they have no known competing 

financial interests or personal relationships that could have 
appeared to influence the work reported in this paper.

References
1.	 Ibe GO, Amikuzuno J (2019) Climate change in Sub-Saharan 

Africa: A menace to agricultural productivity and ecological 
protection. Journal of Applied Sciences and Environmental 
Management 23: 329.

2.	 Pacillo G, Achicanoy H, Ramirez Villegas J, et al. (2021) Is climate 
a “risk multiplier” in Ethiopia?

3.	 Lemi T, Fekadu Hailu (2019) Effects of climate change 
variability on agricultural productivity. International Journal of 
Environmental Sciences & Natural Resources 17: 555953.

4.	 Zerssa G, Debela Feyssa, Dong Gill Kim, et al. (2021) Challenges 
of smallholder farming in Ethiopia and opportunities by adopting 
climate-smart agriculture. Agriculture 11: 1-26.

organic carbon content, cation exchange capacity, available 
N, available K, microbial biomass carbon, potential nitrogen 
mineralization and dehydrogenase activity of the soil than 
control [68].

Application of Organic fertilizer vs Inorganic 
Fertilizer

Appropriate application of nitrogen fertilization would 
improve part of the projected impact of climate change 
on agricultural crop yield [8]. Soil fertilized with 100% 
recommended NPK combined with farm yard manure 
produced the superior growth of plants and the highest 
amount of total fruit yields [69]. Moreover, organic fertilizer 
can help to shape the microbial composition and recruit 
beneficial bacteria into the rhizosphere of the plant, leading 
to improved plant quality and reduced heavy metal content 
in rhizosphere soil and plant leaves [70]. There are robust 
simulated interactions between climate change factors and 
nitrogen fertilization and indicates that maize intensively 
managed with more nitrogen fertilizer will be more sensitive 
to climate change, pointing the importance of balanced 
nutrient application [71]. Conservation agriculture (CA) 
with drip irrigation is an efficient strategy to improve crop 
production while enhancing soil quality as it improves total 
carbon and nitrogen than traditional conventional tillage in 
Sub- Saharan Africa [72]. Biochar, when applied to soils is 
reported to enhance soil carbon sequestration and provide 
other soil productivity benefits such as reduction of bulk 
density, enhancement of water-holding capacity and nutrient 
retention, stabilization of soil organic matter, improvement 
of microbial activities, and heavy metal sequestration. 
Furthermore, biochar application could enhance phosphorus 
availability in highly weathered tropical soils [73]. [74] 
also revealed that biochar significantly increases soil C, 
exchangeable K+ contents, field capacity, and available water 
content in the case of South Sudan.

A 22-years field experiment has indicated that organic 
matter amendments can mitigate the negative and exploit 
the positive effects of climate change on crop production 
by enhancing soil quality [75]. Similarly, [76] found that 
organic fertilizer has the highest yield resilience in response 
to regional relative humidity changes compared to integrated 
and chemical fertilizers since specific soil microbes have the 
potential to help crops face environmental vulnerability in 
subtropical regions. [77] indicate that manure amendment 
could alleviate the negative influences of future climate 
change on crop growth and nitrogen utilization under the 
predicted climate change scenario by 2100. [48] shows 
that application of manure in the soil is implemented by 
smallholder farmers in Kembata Tembaro Zone, Southern 
Nations, Nationalities, and Peoples’ Region of Ethiopia as 
climate change mitigation measures.

Conclusions and Recommendations 
Nature-based climate change adaptation measures 

enhance sustainable crop productivity through ameliorating 
temperature, conserving soil moisture and increasing 
essential soil nutrients. Conservation agriculture increases 

https://www.ajol.info/index.php/jasem/article/view/184451
https://www.ajol.info/index.php/jasem/article/view/184451
https://www.ajol.info/index.php/jasem/article/view/184451
https://www.ajol.info/index.php/jasem/article/view/184451
https://cgspace.cgiar.org/handle/10568/115215
https://cgspace.cgiar.org/handle/10568/115215
https://juniperpublishers.com/ijesnr/IJESNR.MS.ID.555953.php
https://juniperpublishers.com/ijesnr/IJESNR.MS.ID.555953.php
https://juniperpublishers.com/ijesnr/IJESNR.MS.ID.555953.php
https://www.mdpi.com/2077-0472/11/3/192
https://www.mdpi.com/2077-0472/11/3/192
https://www.mdpi.com/2077-0472/11/3/192


Citation: Gebirehiwot HT, Kibkab E (2022) Nature Based Climate Change Adaptation Measures for Sustainable Crops Production in Ethiopia: 
Review. Arch Crop Sci 5(1):141-150

Gebirehiwot and Kibkab. Arch Crop Sci 2022, 5(1):141-150 Open Access |  Page 148 |

22.	Aytehgiza MA, Gebresilasie G (2019) Effect of climate change 
on agricultural output growth in ethiopia: Co-integration and 
vector error correction model analysis. Budapest International 
Research in Exact Sciences (BirEx) Journal 1: 132-143.

23.	Eshete ZS, Mulatu DW, Gatiso TG (2020) CO2 emissions, 
agricultural productivity and welfare in Ethiopia. International 
Journal of Climate Change Strategies and Management 12: 687-
704.

24.	Ketema AM, Negeso KD (2020) Effect of climate change on 
agricultural output in Ethiopia. Jurnal Perspektif Pembiayaan 
dan Pembangunan Daerah 8: 195-208.

25.	Abera K, et al. (2018) Simulating the impact of climate change 
on maize production in Ethiopia, East Africa. Environ Syst Res 7.

26.	Degife AW, Zabel F, Mauser W (2021) Climate change impacts on 
potential maize yields in Gambella Region, Ethiopia. Reg Environ 
Change 21: 60.

27.	Timothy T, Paul D, Richard R (2019) Climate change impacts on 
crop yields in Ethiopia. 16.

28.	Baylie MM, Fogarassy C (2021) Examining the economic impacts 
of climate change on net crop income in the ethiopian nile basin: 
A ricardian fixed effect approach. Sustainability 13: 1-16. 

29.	Teshome M (2017) Perceived impact of climate change on 
crop yield trend in denbia woreda of amhara region, northwest 
Ethiopia. MOJ Ecology & Environmental Sciences 2: 271-280.

30.	Singh SN (2019) Climate change and agriculture in Ethiopia: A 
case study of mettu woreda. Socio Economic Challenges 3: 61-
79.

31.	Ginbo T (2022) Heterogeneous impacts of climate change on 
crop yields across altitudes in Ethiopia. Climatic Change 170: 
1-12.

32.	Tessema YA, Joerin J, Patt A (2019) Crop switching as an 
adaptation strategy to climate change: The case of Semien 
Shewa Zone of Ethiopia. International Journal of Climate Change 
Strategies and Management 11: 358-371.

33.	Belay A, et al. (2017) Smallholder farmers’ adaptation to climate 
change and determinants of their adaptation decisions in the 
Central Rift Valley of Ethiopia. Agriculture and Food Security 6: 
1-13.

34.	Marie M, et al. (2020) Farmers’ choices and factors affecting 
adoption of climate change adaptation strategies: Evidence from 
northwestern Ethiopia. Heliyon 6: e03867.

35.	Zegeye H (2018) Climate change mitigation and adaptation. 
Journal of Biodiversity & Endangered Species 6: 18-35.

36.	Destaw F, Fenta M (2021) Climate change adaptation strategies 
and their predictors amongst rural farmers in Ambassel district, 
Northern Ethiopia Jamba 13: 974.

37.	Habte A, Girma Mamo, Walelign Worku, et al. (2021) Spatial 
variability and temporal trends of climate change in southwest 
ethiopia: Association with farmers’ perception and their 
adaptation strategies. Adv Meteorol 2021.

38.	 IUCN (2016) What are Nature-based Solutions? Nature-based 
solutions to address global societal challenges.

39.	Sime G, Aune JB (2018) Sustainability of improved crop varieties 
and agricultural practices: A case study in the central rift valley 
of Ethiopia. Agriculture 8: 177.

40.	Bresci E, Castelli G (2021) Water harvesting in farmlands. 

5.	 Carreras Navarro E, Lam SK, Trębicki P (2020) Elevated carbon 
dioxide and nitrogen impact wheat and its aphid pest. Front 
Plant Sci 11: 605337.

6.	 Yu L, SHI L, SUN L, et al. (2020) Interactive effects of elevated 
co2 concentration and nitrogen fertilizer application on nitrogen 
distribution in a cotton-soil system. Appl Ecol Environ Res 18: 
4857-4872.

7.	 Lin TS, Yang Song, Peter Lawrence, et al. (2021) Worldwide maize 
and soybean yield response to environmental and management 
factors over the 20th and 21st centuries. Journal of Geophysical 
Research: Biogeosciences 126: 1-21.

8.	 Mequanint F, Sebastian Gayler, Tobias KD Weber, et al. (2022) 
Climate change impact on wheat and maize growth in Ethiopia : 
A multi-model uncertainty analysis PLoS One 17: e0262951.

9.	 Gahlot S, Tzu Shun Lin, Atul K Jain, et al. (2020) Impact of 
environmental changes and land management practices on 
wheat production in India. Earth System Dynamics 11: 641-652.

10.	Shukla R, Stephanie Gleixner, Amsalu Woldie Yalew, et al. (2021) 
Dynamic vulnerability of smallholder agricultural systems in the 
face of climate change for Ethiopia. Environ Res Lett 16: 044007.

11.	Zemedu L, Mesfin, W (2014) Smallholders Vulnerability to Food 
Insecurity and Coping Strategies : In the face of climate change , 
East Hararghe , Ethiopia. J Econ Sustain Dev 5: 86-101.

12.	Solomon R, Simane B, Zaitchik BF (2021) The impact of climate 
change on agriculture production in ethiopia: Application of a 
dynamic computable general equilibrium model. American 
Journal of Climate Change 10: 32-50.

13.	Yalew AW, Georg Hirte, Hermann Lotze Campen, et al. (2018) 
Climate change, agriculture, and economic development in 
Ethiopia. Sustainability 10.

14.	Stuch B, Alcamo J, Schaldach R (2020) Projected climate 
change impacts on mean and year-to-year variability of yield 
of key smallholder crops in Sub-Saharan Africa. Climate and 
Development 13: 268-282.

15.	Ouko KO (2020) Agroforestry: A triple win for mixed farming 
systems in central rift valley, Ethiopia. Journal of Biology, 
Agriculture and Healthcare 10: 4.

16.	Society TR (2021) Climate change and global warming: Impacts 
on crop production. Genetically Modified Plants 283-296.

17.	Teshome H, Kindie Tesfaye, Nigussie Dechassa, et al. (2021) 
Smallholder farmers’ perceptions of climate change and 
adaptation practices for maize production in eastern Ethiopia. 
Sustainability 13: 1-21.

18.	Tekeste K (2021) Climate-Smart Agricultural (CSA) practices and 
its implications to food security in Siyadebrina Wayu District, 
Ethiopia. Afr J Agric Res 17: 92-103.

19.	Hilemelekot F, Desalegn YayehAyal, KassahunTure, et al. (2021) 
Climate change and variability adaptation strategies and their 
implications for household food Security : The case of Basona 
Worena District , North Shewa zone, Ethiopia. Climate Services 
24: 100269.

20.	Moges DM, Bhat HG (2021) Climate change and its implications 
for rainfed agriculture in Ethiopia. Journal of Water and Climate 
Change 12: 1229-1244.

21.	Reyes F, Marie Gosme, Kevin J Wolz, et al. (2021)Alley cropping 
mitigates the impacts of climate change on a wheat crop in 
a mediterranean environment: A biophysical model-based 
assessment. Agriculture 11: 4.

https://bircu-journal.com/index.php/birex/article/view/461
https://bircu-journal.com/index.php/birex/article/view/461
https://bircu-journal.com/index.php/birex/article/view/461
https://bircu-journal.com/index.php/birex/article/view/461
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-07-2019-0046/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-07-2019-0046/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-07-2019-0046/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-07-2019-0046/full/html
https://online-journal.unja.ac.id/JES/article/view/9076
https://online-journal.unja.ac.id/JES/article/view/9076
https://online-journal.unja.ac.id/JES/article/view/9076
https://www.semanticscholar.org/paper/Simulating-the-impact-of-climate-change-on-maize-in-Abera-Crespo/7008cea634109c1d730246a6b1e7f31b1d0ed4bc
https://www.semanticscholar.org/paper/Simulating-the-impact-of-climate-change-on-maize-in-Abera-Crespo/7008cea634109c1d730246a6b1e7f31b1d0ed4bc
https://pubag.nal.usda.gov/catalog/7390701
https://pubag.nal.usda.gov/catalog/7390701
https://pubag.nal.usda.gov/catalog/7390701
https://ebrary.ifpri.org/digital/collection/p15738coll2/id/133104
https://ebrary.ifpri.org/digital/collection/p15738coll2/id/133104
https://www.mdpi.com/2071-1050/13/13/7243
https://www.mdpi.com/2071-1050/13/13/7243
https://www.mdpi.com/2071-1050/13/13/7243
https://medcraveonline.com/MOJES/perceived-impact-of-climate-change-on-crop-yield-trend-in-denbia-woreda-of-amhara-region-northwest-ethiopia.html
https://medcraveonline.com/MOJES/perceived-impact-of-climate-change-on-crop-yield-trend-in-denbia-woreda-of-amhara-region-northwest-ethiopia.html
https://medcraveonline.com/MOJES/perceived-impact-of-climate-change-on-crop-yield-trend-in-denbia-woreda-of-amhara-region-northwest-ethiopia.html
https://armgpublishing.sumdu.edu.ua/journals/sec/volume-3-issue-3/article-7/
https://armgpublishing.sumdu.edu.ua/journals/sec/volume-3-issue-3/article-7/
https://armgpublishing.sumdu.edu.ua/journals/sec/volume-3-issue-3/article-7/
https://pubag.nal.usda.gov/catalog/7637620
https://pubag.nal.usda.gov/catalog/7637620
https://pubag.nal.usda.gov/catalog/7637620
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-05-2018-0043/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-05-2018-0043/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-05-2018-0043/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-05-2018-0043/full/html
https://agricultureandfoodsecurity.biomedcentral.com/articles/10.1186/s40066-017-0100-1
https://agricultureandfoodsecurity.biomedcentral.com/articles/10.1186/s40066-017-0100-1
https://agricultureandfoodsecurity.biomedcentral.com/articles/10.1186/s40066-017-0100-1
https://agricultureandfoodsecurity.biomedcentral.com/articles/10.1186/s40066-017-0100-1
https://www.sciencedirect.com/science/article/pii/S240584402030712X
https://www.sciencedirect.com/science/article/pii/S240584402030712X
https://www.sciencedirect.com/science/article/pii/S240584402030712X
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8008051/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8008051/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8008051/
https://www.hindawi.com/journals/amete/2021/3863530/
https://www.hindawi.com/journals/amete/2021/3863530/
https://www.hindawi.com/journals/amete/2021/3863530/
https://www.hindawi.com/journals/amete/2021/3863530/
https://portals.iucn.org/library/sites/library/files/documents/2016-036.pdf
https://portals.iucn.org/library/sites/library/files/documents/2016-036.pdf
https://www.mdpi.com/2077-0472/8/11/177
https://www.mdpi.com/2077-0472/8/11/177
https://www.mdpi.com/2077-0472/8/11/177
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119478911.ch6
https://pubmed.ncbi.nlm.nih.gov/33335537/
https://pubmed.ncbi.nlm.nih.gov/33335537/
https://pubmed.ncbi.nlm.nih.gov/33335537/
http://www.aloki.hu/pdf/1804_48574872.pdf
http://www.aloki.hu/pdf/1804_48574872.pdf
http://www.aloki.hu/pdf/1804_48574872.pdf
http://www.aloki.hu/pdf/1804_48574872.pdf
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021JG006304
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021JG006304
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021JG006304
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021JG006304
https://pubmed.ncbi.nlm.nih.gov/35061854/
https://pubmed.ncbi.nlm.nih.gov/35061854/
https://pubmed.ncbi.nlm.nih.gov/35061854/
https://esd.copernicus.org/articles/11/641/2020/
https://esd.copernicus.org/articles/11/641/2020/
https://esd.copernicus.org/articles/11/641/2020/
https://iopscience.iop.org/article/10.1088/1748-9326/abdb5c
https://iopscience.iop.org/article/10.1088/1748-9326/abdb5c
https://iopscience.iop.org/article/10.1088/1748-9326/abdb5c
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.734.8000&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.734.8000&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.734.8000&rep=rep1&type=pdf
https://www.scirp.org/pdf/ajcc_2021031616031099.pdf
https://www.scirp.org/pdf/ajcc_2021031616031099.pdf
https://www.scirp.org/pdf/ajcc_2021031616031099.pdf
https://www.scirp.org/pdf/ajcc_2021031616031099.pdf
https://www.mdpi.com/2071-1050/10/10/3464
https://www.mdpi.com/2071-1050/10/10/3464
https://www.mdpi.com/2071-1050/10/10/3464
https://www.tandfonline.com/doi/full/10.1080/17565529.2020.1760771
https://www.tandfonline.com/doi/full/10.1080/17565529.2020.1760771
https://www.tandfonline.com/doi/full/10.1080/17565529.2020.1760771
https://www.tandfonline.com/doi/full/10.1080/17565529.2020.1760771
https://www.iiste.org/Journals/index.php/JBAH/article/view/51441
https://www.iiste.org/Journals/index.php/JBAH/article/view/51441
https://www.iiste.org/Journals/index.php/JBAH/article/view/51441
https://docs.lib.purdue.edu/easpubs/195/
https://docs.lib.purdue.edu/easpubs/195/
https://docs.lib.purdue.edu/easpubs/195/
https://docs.lib.purdue.edu/easpubs/195/
https://academicjournals.org/journal/AJAR/article-abstract/8BC18F065764
https://academicjournals.org/journal/AJAR/article-abstract/8BC18F065764
https://academicjournals.org/journal/AJAR/article-abstract/8BC18F065764
https://www.sciencedirect.com/science/article/pii/S2405880721000571
https://www.sciencedirect.com/science/article/pii/S2405880721000571
https://www.sciencedirect.com/science/article/pii/S2405880721000571
https://www.sciencedirect.com/science/article/pii/S2405880721000571
https://www.sciencedirect.com/science/article/pii/S2405880721000571
https://iwaponline.com/jwcc/article/12/4/1229/75872/Climate-change-and-its-implications-for-rainfed
https://iwaponline.com/jwcc/article/12/4/1229/75872/Climate-change-and-its-implications-for-rainfed
https://iwaponline.com/jwcc/article/12/4/1229/75872/Climate-change-and-its-implications-for-rainfed
https://pubag.nal.usda.gov/catalog/7350195
https://pubag.nal.usda.gov/catalog/7350195
https://pubag.nal.usda.gov/catalog/7350195
https://pubag.nal.usda.gov/catalog/7350195


Citation: Gebirehiwot HT, Kibkab E (2022) Nature Based Climate Change Adaptation Measures for Sustainable Crops Production in Ethiopia: 
Review. Arch Crop Sci 5(1):141-150

Gebirehiwot and Kibkab. Arch Crop Sci 2022, 5(1):141-150 Open Access |  Page 149 |

55.	Wolle HS, Barberi P, Carlesi S (2021) Effect of home garden 
and parkland agroforestry practices in Ethiopia on selected soil 
properties. African Journal of Food, Agriculture, Nutrition and 
Development 21: 18115-18130.

56.	Gebremeskel D, Buruh Abebe, Kidane Gidey, et al. (2018) Effect 
of Rhamnus prinoide (Gesho) Intercropping in Wheat Field on 
Soil Nutrient and Moisture in the Drylands of North Ethiopia. 
Momona Ethiopian Journal of Science 10: 126.

57.	 Immanuel R, Thiruppathi M, Sudhagar Ra GB, et al. (2019) Aoil 
moisture, crop growth and yield of maize as influenced by albizia 
saman. Agroforestry System 6: 327-334.

58.	Sirohi C, Bangarwa KS, Dhillon RS, et al. (2019) Role of poplar 
(Populus deltoides) based agroforestry system for soil moisture 
conservation in semi-arid region of Haryana Journal of 
Pharmacognosy and Phytochemistry 8: 1189-1192.

59.	Nóra S, Andrea V (2020) Soil moisture and temperature 
characteristics in a young silvoarable agroforestry system 11: 1.

60.	Binyam AY, Desale KA (2015) Rainwater harvesting: An option for 
dry land agriculture in arid and semi-arid Ethiopia. International 
Journal of Water Resources and Environmental Engineering 7: 
17-28.

61.	Dile YT, Rockström, J, Karlberg L (2016) ‘Suitability of water 
harvesting in the upper blue nile basin, Ethiopia: A first step 
towards a mesoscale hydrological modeling framework. 
Advances in Meteorology 2016.

62.	Worku G, Ermias Teferi, Amare Bantider, et al. (2020) 
Prioritization of watershed management scenarios under climate 
change in the Jemma sub-basin of the Upper Blue Nile Basin, 
Ethiopia. Journal of Hydrology: Regional Studies 31: 100714.

63.	Wolde B, Naba W, Abiy G (2020) Advances in crop science 
and technology evaluation of in-situ moisture conservation 
techniques for maize production in Moisture Stress Areas of 
Mirab Abaya Woreda, Southern, Ethiopia. Advances in Crop 
Science and Technology 8: 2.

64.	Naba W, Moges A, Gebremichael A (2020) Evaluating the 
effect of in-situ rainwater harvesting techniques on maize 
production in moisture stress areas of humbo woreda, wolaita 
zone, southern Ethiopia. International Journal of Agricultural 
Research, Innovation and Technology 10: 71-79.

65.	Milkias A, Tadesse T, Zeleke H (2018) Evaluating the Effects 
of In-situ Rainwater Harvesting Techniques on Soil Moisture 
Conservation and Grain Yield of Maize (Zea mays L.) in 
Fedis District, Eastern Hararghe, Ethiopia. Turkish Journal of 
Agriculture-Food Science and Technology 6: 1129.

66.	Mudatenguha F, et al. (2014) Full length article in situ rain 
water harvesting techniques increase maize in situ rain water 
harvesting techniques increase maize growth and grain yield in a 
semi-arid agro-ecology of nyagatare, Rwanda.

67.	 Issoufou AA, et al. (2020) Dynamic relationship of traditional soil 
restoration practices and climate change adaptation in semi-arid 
Niger. Heliyon 6: e03265.

68.	Prasad R, Shukla Ashok, Saroj NK, et al. (2019) Long-term effect 
of in-situ soil moisture conservation (SMC) measures on soil 
properties in Emblica officinalis based agroforestry system. J Soil 
Water Conserv 18: 246-253.

69.	Suge JK, Omunyin ME, Omami EN (2011) Effect of organic and 
inorganic sources of fertilizer on growth, yield and fruit quality of 
eggplant (Solanum Melongena L). Arch Appl Sci Res 3: 470-479.

Handbook of water harvesting and conservation: Basic Concepts 
and Fundamentals 87-100.

41.	Asmare F, Teklewold H, Mekonnen A (2019) The effect of 
climate change adaptation strategy on farm households 
welfare in the Nile basin of Ethiopia: Is there synergy or trade-
offs?’, International Journal of Climate Change Strategies and 
Management 11: 518-535.

42.	Adego T, Simane B, Woldie GA (2019) The impact of adaptation 
practices on crop productivity in northwest Ethiopia: An 
endogenous switching estimation. Development Studies 
Research 6: 129-141.

43.	Zerihun A, Birhanu Tadesse, Tadesse Shiferaw, et al. (2014) 
Conservation Agriculture: Maize-legume Intensification for 
Yield, Profitability and Soil Fertility Improvement in Maize Belt 
Areas of Western Ethiopia. Int J Plant Soil Sci 3: 969-985.

44.	Assefa T, Manoj Jha, Manuel Reyes, et al. (2018) Modeling the 
impacts of conservation agriculture with a drip irrigation system 
on the hydrology and water management in Sub-Saharan Africa. 
Sustainability 10: 4763.

45.	Yimam AY, Tewodros T Assefa, Nigus F Adane, et al. (2020) 
Experimental evaluation for the impacts of conservation 
agriculture with drip irrigation on crop coefficient and soil 
properties in the Sub-Humid Ethiopian Highlands. Water 12: 947.

46.	Araya T, Alemu Gebremedhin, Frédéric Baudron, et al. (2021) 
Influence of 9 years of permanent raised beds and contour 
furrowing on soil health in conservation agriculture based 
systems in Tigray region, Ethiopia. Land Degradation and 
Development 32: 1525-1539.

47.	Mamuye M, Amsalu Nebiyu, Eyasu Elias, et al. (2020) Short-
term improved fallows of Tephrosia vogelii and Cajanus cajan 
enhanced maize productivity and soil chemical properties of a 
degraded fallow land in Southwestern Ethiopia. Agroforestry 
Systems 94: 1681-1691. 

48.	Feliciano D, et al. (2022) Assessment of agricultural emissions, 
climate change mitigation and adaptation practices in Ethiopia. 
Climate Policy 427-444.

49.	Gnonlonfoun I, Achille Ephrem Assogbadjo, Césaire Paul Gnanglè, 
et al. (2019) New indicators of vulnerability and resilience of 
agroforestry systems to climate change in West Africa: West 
African agroforestry systems and climate change. Agronomy for 
Sustainable Development 39: 23.

50.	 Gebirehiwot HT, Kedanu AA, Adugna MT (2021) The role of woody 
plant functional traits for sustainable soil management in the 
agroforestry system of Ethiopia. Biodiversity of Ecosystems 16.

51.	Chemura A, Yalew AW, Gornott C (2021) Quantifying agroforestry 
yield buffering potential under climate change in the smallholder 
maize farming systems of Ethiopia 3.

52.	Manaye A, Berihu Tesfamariam Zeratsion, Musse Tesfaye Gebre, 
et al. (2020) Selecting productive and climate resilient traditional 
agro-forestry systems in Tigray Region, Northern Ethiopia.

53.	Tesfamariam B, Ashenafi Manaye Demissie, Musse Tesfaye 
Gebre, et al. (2020) Contribution of traditional agroforestry 
practices to livelihood diversification in the face of climate 
change in Tigray, North Ethiopia.

54.	Tougiani A, Moussa Massaoudou, Adamou Haougui, et al. (2021) 
Faidherbia albida (Delile) tree dieback effects on crop production 
in the parkland agroforests of southwestern niger. International 
Journal of Forestry Research 2021.

https://www.ajfand.net/Volume21/No5/Shiferaw19220.pdf
https://www.ajfand.net/Volume21/No5/Shiferaw19220.pdf
https://www.ajfand.net/Volume21/No5/Shiferaw19220.pdf
https://www.ajfand.net/Volume21/No5/Shiferaw19220.pdf
https://www.ajol.info/index.php/mejs/article/view/171215
https://www.ajol.info/index.php/mejs/article/view/171215
https://www.ajol.info/index.php/mejs/article/view/171215
https://www.ajol.info/index.php/mejs/article/view/171215
http://ijrar.com/upload_issue/ijrar_issue_20542973.pdf
http://ijrar.com/upload_issue/ijrar_issue_20542973.pdf
http://ijrar.com/upload_issue/ijrar_issue_20542973.pdf
https://www.phytojournal.com/archives?year=2019&vol=8&issue=3&ArticleId=8255
https://www.phytojournal.com/archives?year=2019&vol=8&issue=3&ArticleId=8255
https://www.phytojournal.com/archives?year=2019&vol=8&issue=3&ArticleId=8255
https://www.phytojournal.com/archives?year=2019&vol=8&issue=3&ArticleId=8255
https://journal.uni-mate.hu/index.php/rbs/article/view/2399
https://journal.uni-mate.hu/index.php/rbs/article/view/2399
https://academicjournals.org/journal/IJWREE/article-full-text/785D07451159
https://academicjournals.org/journal/IJWREE/article-full-text/785D07451159
https://academicjournals.org/journal/IJWREE/article-full-text/785D07451159
https://academicjournals.org/journal/IJWREE/article-full-text/785D07451159
https://www.hindawi.com/journals/amete/2016/5935430/
https://www.hindawi.com/journals/amete/2016/5935430/
https://www.hindawi.com/journals/amete/2016/5935430/
https://www.hindawi.com/journals/amete/2016/5935430/
https://www.sciencedirect.com/science/article/pii/S2214581820301889
https://www.sciencedirect.com/science/article/pii/S2214581820301889
https://www.sciencedirect.com/science/article/pii/S2214581820301889
https://www.sciencedirect.com/science/article/pii/S2214581820301889
https://www.omicsonline.org/open-access-pdfs/evaluation-of-insitu-moisture-conservation-techniques-for-maize-production-in-moisture-stress-areas-of-mirab-abaya-wored.pdf
https://www.omicsonline.org/open-access-pdfs/evaluation-of-insitu-moisture-conservation-techniques-for-maize-production-in-moisture-stress-areas-of-mirab-abaya-wored.pdf
https://www.omicsonline.org/open-access-pdfs/evaluation-of-insitu-moisture-conservation-techniques-for-maize-production-in-moisture-stress-areas-of-mirab-abaya-wored.pdf
https://www.omicsonline.org/open-access-pdfs/evaluation-of-insitu-moisture-conservation-techniques-for-maize-production-in-moisture-stress-areas-of-mirab-abaya-wored.pdf
https://www.omicsonline.org/open-access-pdfs/evaluation-of-insitu-moisture-conservation-techniques-for-maize-production-in-moisture-stress-areas-of-mirab-abaya-wored.pdf
https://www.banglajol.info/index.php/IJARIT/article/view/48096
https://www.banglajol.info/index.php/IJARIT/article/view/48096
https://www.banglajol.info/index.php/IJARIT/article/view/48096
https://www.banglajol.info/index.php/IJARIT/article/view/48096
https://www.banglajol.info/index.php/IJARIT/article/view/48096
http://agrifoodscience.com/index.php/TURJAF/article/view/1839
http://agrifoodscience.com/index.php/TURJAF/article/view/1839
http://agrifoodscience.com/index.php/TURJAF/article/view/1839
http://agrifoodscience.com/index.php/TURJAF/article/view/1839
http://agrifoodscience.com/index.php/TURJAF/article/view/1839
https://www.sciencedirect.com/science/article/pii/S2405844020301109
https://www.sciencedirect.com/science/article/pii/S2405844020301109
https://www.sciencedirect.com/science/article/pii/S2405844020301109
https://indianjournals.com/ijor.aspx?target=ijor:jswc&volume=18&issue=3&article=006
https://indianjournals.com/ijor.aspx?target=ijor:jswc&volume=18&issue=3&article=006
https://indianjournals.com/ijor.aspx?target=ijor:jswc&volume=18&issue=3&article=006
https://indianjournals.com/ijor.aspx?target=ijor:jswc&volume=18&issue=3&article=006
https://www.scholarsresearchlibrary.com/abstract/effect-of-organic-and-inorganic-sources-of-fertilizer-on-growth-yield-and-fruit-quality-of-eggplant-solanum-melongena-l-8546.html
https://www.scholarsresearchlibrary.com/abstract/effect-of-organic-and-inorganic-sources-of-fertilizer-on-growth-yield-and-fruit-quality-of-eggplant-solanum-melongena-l-8546.html
https://www.scholarsresearchlibrary.com/abstract/effect-of-organic-and-inorganic-sources-of-fertilizer-on-growth-yield-and-fruit-quality-of-eggplant-solanum-melongena-l-8546.html
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119478911.ch6
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119478911.ch6
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-10-2017-0192/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-10-2017-0192/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-10-2017-0192/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-10-2017-0192/full/html
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-10-2017-0192/full/html
https://www.tandfonline.com/doi/full/10.1080/21665095.2019.1678186
https://www.tandfonline.com/doi/full/10.1080/21665095.2019.1678186
https://www.tandfonline.com/doi/full/10.1080/21665095.2019.1678186
https://www.tandfonline.com/doi/full/10.1080/21665095.2019.1678186
https://journalijpss.com/index.php/IJPSS/article/view/2456
https://journalijpss.com/index.php/IJPSS/article/view/2456
https://journalijpss.com/index.php/IJPSS/article/view/2456
https://journalijpss.com/index.php/IJPSS/article/view/2456
https://www.mdpi.com/2071-1050/10/12/4763
https://www.mdpi.com/2071-1050/10/12/4763
https://www.mdpi.com/2071-1050/10/12/4763
https://www.mdpi.com/2071-1050/10/12/4763
https://www.mdpi.com/2073-4441/12/4/947
https://www.mdpi.com/2073-4441/12/4/947
https://www.mdpi.com/2073-4441/12/4/947
https://www.mdpi.com/2073-4441/12/4/947
https://onlinelibrary.wiley.com/doi/abs/10.1002/ldr.3816
https://onlinelibrary.wiley.com/doi/abs/10.1002/ldr.3816
https://onlinelibrary.wiley.com/doi/abs/10.1002/ldr.3816
https://onlinelibrary.wiley.com/doi/abs/10.1002/ldr.3816
https://onlinelibrary.wiley.com/doi/abs/10.1002/ldr.3816
https://pubag.nal.usda.gov/catalog/7114016
https://pubag.nal.usda.gov/catalog/7114016
https://pubag.nal.usda.gov/catalog/7114016
https://pubag.nal.usda.gov/catalog/7114016
https://pubag.nal.usda.gov/catalog/7114016
https://www.tandfonline.com/doi/full/10.1080/14693062.2022.2028597
https://www.tandfonline.com/doi/full/10.1080/14693062.2022.2028597
https://www.tandfonline.com/doi/full/10.1080/14693062.2022.2028597
https://pubag.nal.usda.gov/catalog/6349273
https://pubag.nal.usda.gov/catalog/6349273
https://pubag.nal.usda.gov/catalog/6349273
https://pubag.nal.usda.gov/catalog/6349273
https://pubag.nal.usda.gov/catalog/6349273
https://www.intechopen.com/online-first/78149
https://www.intechopen.com/online-first/78149
https://www.intechopen.com/online-first/78149
https://pubag.nal.usda.gov/catalog/7399742
https://pubag.nal.usda.gov/catalog/7399742
https://pubag.nal.usda.gov/catalog/7399742
https://www.hindawi.com/journals/ijfr/2021/8895829/
https://www.hindawi.com/journals/ijfr/2021/8895829/
https://www.hindawi.com/journals/ijfr/2021/8895829/
https://www.hindawi.com/journals/ijfr/2021/8895829/


Citation: Gebirehiwot HT, Kibkab E (2022) Nature Based Climate Change Adaptation Measures for Sustainable Crops Production in Ethiopia: 
Review. Arch Crop Sci 5(1):141-150

Gebirehiwot and Kibkab. Arch Crop Sci 2022, 5(1):141-150 Open Access |  Page 150 |

75.	Song Z, HongjunGao, Ping Zhu, et al. (2015) Organic amendments 
increase corn yield by enhancing soil resilience to climate 
change. Crop Journal 3: 110-117.

76.	Hou PF, Yao Tsung Chang, Jung Mao Lai, et al. (2020) Long-term 
effects of fertilizers with regional climate variability on yield 
trends of sweet corn. Sustainability 12: 3528.

77.	Liang S, et al. (2018) Response of crop yield and nitrogen use 
efficiency for wheat-maize cropping system to future climate 
change in northern China. Agric For Meteorol 262: 310-321.

78.	Husen D, et al. (2020) Pre-Scaling up of In Situ Moisture 
Conservation Techniques on Maize (Zea mays L.) yield in Dugda 
District. Civil and Environmental Research 12: 9-15.

70.	Lin Weiwei, Manhong Lin, Hongyan Zhou, et al. (2019) The 
effects of chemical and organic fertilizer usage on rhizosphere 
soil in tea orchards. PLoS ONE 14: e0217018.

71.	Falconnier G, Marc Corbeels, Kenneth Boote J, et al. (2020) 
Modelling climate change impacts on maize yields under low 
nitrogen input conditions in sub-Saharan Africa. Global Changes 
biology 26: 5942-5964.

72.	Assefa T, Jha M, Reyes M, et al. (2020) Conservation agriculture 
with drip irrigation: Effects on soil quality and crop yield in sub-
Saharan Africa. J Soil Water Conserv 75: 209-217.

73.	Nair VD, Ramachandran Nair PK, Biswanath Dari, et al. (2017) 
Biochar in the agroecosystem-climate-change-sustainability 
Nexus. Front Plant Sci 8: 2051.

74.	Deng B, Priit Tammeorg, Olavi Luukkanen, et al. (2017) Effects of 
Acacia seyal and biochar on soil properties and sorghum yield in 
agroforestry systems in South Sudan. Agroforestry Systems 91: 
137-148.

Copyright: © 2022 Gebirehiwot HT and Kibkab E. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original author and source are credited.

SCHOLARS.DIRECT

DOI: 10.36959/718/614

https://www.sciencedirect.com/science/article/pii/S2214514115000203
https://www.sciencedirect.com/science/article/pii/S2214514115000203
https://www.sciencedirect.com/science/article/pii/S2214514115000203
https://www.mdpi.com/2071-1050/12/9/3528
https://www.mdpi.com/2071-1050/12/9/3528
https://www.mdpi.com/2071-1050/12/9/3528
https://www.sciencedirect.com/science/article/abs/pii/S0168192318302387
https://www.sciencedirect.com/science/article/abs/pii/S0168192318302387
https://www.sciencedirect.com/science/article/abs/pii/S0168192318302387
https://www.iiste.org/Journals/index.php/CER/article/viewFile/54661/56478
https://www.iiste.org/Journals/index.php/CER/article/viewFile/54661/56478
https://www.iiste.org/Journals/index.php/CER/article/viewFile/54661/56478
https://pubmed.ncbi.nlm.nih.gov/31136614/
https://pubmed.ncbi.nlm.nih.gov/31136614/
https://pubmed.ncbi.nlm.nih.gov/31136614/
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.15261
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.15261
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.15261
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.15261
https://www.jswconline.org/content/75/2/209.short
https://www.jswconline.org/content/75/2/209.short
https://www.jswconline.org/content/75/2/209.short
https://pubmed.ncbi.nlm.nih.gov/29312364/
https://pubmed.ncbi.nlm.nih.gov/29312364/
https://pubmed.ncbi.nlm.nih.gov/29312364/
https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1007-S10457-016-9914-2
https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1007-S10457-016-9914-2
https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1007-S10457-016-9914-2
https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1007-S10457-016-9914-2

	Title
	Abstract
	Keywords
	Introduction
	Climate Change and Its impact on Sustainable Agricultural Crop Yield Production in the Case of Ethio
	Strategies of Sustainable Agricultural Crop Yield Production in the Face of Climate Change in the Ca
	Conservation agriculture 
	Parkland Agroforestry system and practice  
	In-situ Rain Water harvesting structures (IRWHS) 
	Application of Organic fertilizer vs Inorganic Fertilizer 

	Conclusions and Recommendations  
	Conflict of Interest 
	Table 1
	Table 2
	References

