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CLIMATE CHANGE AND FOOD  
SECURITY IN MALAWI

There is potential for climate change to have 
negative effects on agricultural production 
via extreme events (Pruski and Nearing 
2002; Zhang et al. 2012; Walthall et al. 2012), 
and there is a need to implement conserva-
tion practices for climate change adaptation 
(Delgado et al. 2011, 2013). Recent reports 
from the Intergovernmental Panel on 
Climate Change project that rainfall inten-
sities will increase in many parts of the 
world, increasing the potential for soil ero-
sion (IPCC 2007). However, for other areas, 
such as the southwestern United States and 
southern Africa (which includes Malawi), 
lower precipitation and higher temperatures 
are projected (IPCC 2007; Walthall  et al. 
2012). These projected changes in climate 
(i.e., drier climate, droughts, and extreme 
events) could contribute to lower yields 
in this region (Auffhammer 2011; Lobell 
et al. 2011) and generate conditions that 
will decrease the potential for future food 
security in the region. Delgado et al. (2011) 
reported that due to a combination of chal-
lenges related to climate change, population 
growth, extreme weather events, deple-
tion of water resources in key agricultural 
regions, and other global challenges, con-
servation practices will be key for climate 
change adaptation. For Malawi, achieving 
food security at the present with the cur-
rent challenges is difficult, and since these 
challenges are projected to significantly 
increase as the climate changes, there is an 
urgent need to start implementing climate 
change adaptation practices to increase the 
potential to achieve food security.

The current average maize (Zea mays 
L.) production per hectare for Malawi is 
very low, with a 2014 annual average yield 
of 2.3 t ha–1 (1.0 tn ac–1) (FAO 2014). The 
Food and Agriculture Organization of 
the United Nations (FAO) reported that 
these low yields were 6% higher than the 
yields that were obtained during the 2012 
to 2013 growing season, due to favorable 
weather during the 2013 to 2014 grow-
ing season and the government fertilizer 
input subsidy program. Maize is the prin-
cipal crop for Malawi and a major staple 
in the country (FAO 2014). Malawi is 
reported to have the highest per capita 
maize consumption in the world at 148 
kg (326 lb) per person (Smale and Jayne 
2003). Increasing the current maize yields 
and maintaining these increased yields in 
the future is important, especially since 
the population of Malawi is expected to 
double by 2035.

Arndt et al. (2014) conducted an analy-
sis of future climate change impacts on 
the economic growth of Malawi. Their 
analysis included a climate, biophysical, 
and economic model to assess the poten-
tial effects of climate change on economic 
growth. The analysis by Arndt et al. (2014) 
strongly suggests that during the next two 
decades the economic growth for Malawi 
will not be affected, but that by 2030, 
and certainly after 2040, climate change 
will significantly impact Malawi’s eco-
nomic growth. They projected that due 
to climate change average maize yields 
in Malawi will decline by 2% during the 
next three to four decades. Other scien-
tists have reported that climate change’s 
effects in Africa could reduce maize yields 
by a much larger percentage. The impacts 
of drought and changes in temperature 
could lower the maize yields an average 
of at least 20% across Africa (Auffhammer 
2011; Lobell et al. 2011). Arndt et al. 
(2014) reported that since policies take 
some time to develop and implement, it 
is important to start applying policies now 
that will contribute to climate change 
adaptation; the next two decades for 
Malawi will be critical, and the country 

will have to start looking for policies that 
could help it adapt to future changes. 

Poppy et al. (2014) conducted similar 
studies about the potential effects of cli-
mate change on food security in Malawi. 
Although Poppy et al. (2014) found simi-
lar trends as Arndt et al. (2014), Poppy et 
al. (2014) found with their simulations and 
analysis that the effects of climate change 
could occur sooner and the negative 
impacts could be much greater. Poppy et 
al. (2014) reported that this “perfect storm” 
will contribute to the generation of a situa-
tion where close to 100% of the population 
of Malawi is undernourished by 2030. This 
is of serious concern, especially since the 
population will have doubled in the next 
two decades. Malawi will need maize vari-
eties that will be able to adapt to higher 
temperatures and droughts since yields will 
be reduced due to extreme events.

Poppy et al. (2014) reported on the lim-
itations of their study and concluded that 
because of those limitations their analysis 
should be interpreted as an indicator of 
potential exposure to undernourishment. 
These studies are also an indication of the 
potential negative effects of climate change 
and population growth on the population 
in Malawi in the next two decades, such 
as a projected steep increase in the under-
nourished population from 2010 to 2030. 
Poppy et al. (2014) found from their data 
analysis that independent of the limitations 
of their study, this steep increase in under-
nourishment needs to be interpreted as a 
critical point of action for policy imple-
mentation to increase maize yields with 
improved technologies and ecosystem 
services. They concluded that “business as 
usual in science, agriculture, and ecosys-
tem management” will not function as a 
policy implementation to adapt to climate 
change and that this approach is not viable 
to meet short- and long-term challenges. 
Malawi, which is located in sub-Saharan 
Africa, is one of the world’s poorest coun-
tries, with 39% of the population living 
on less than US$1 d–1 (Poppy et al. 2014). 
Eighty-five percent of the population lives 
in rural areas, with 80% of this rural pop-
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ulation growing rain-fed maize as their 
primary crop, and for them there is a need 
for a “policy-relevant climate vulnerability 
model” (Malcomb et al. 2014). 

Different scientists have reported that 
the effects of climate change have started 
to occur or are being felt in certain villages 
of Malawi. Nkomwa et al. (2014) reported 
that there are examples of local people 
in small villages worried about climate 
change and who are noticing changes in 
climate. Nkomwa et al. (2014) gave as an 
example Chagaka Village, which is using 
more drought-tolerant crops such as pearl 
millet (Pennisetum glaucum [L.]R.Br.) and 
sorghum (S. bicolor [L.] Moench) and 
early-yielding varieties as their adaptation 
strategies for the climate change observed 
during the last decade. Other strategies 
to adapt to climate change that are being 
adopted are management practices to 
increase water storage in the soil profile 
(Nkomwa et al. 2014).

INCREASING MAIZE YIELDS IN MALAWI 
WITH NITROGEN FERTILIZER 

Turner and Rao (2013) conducted studies 
evaluating simulated responses of sorghum 
to increases in temperature in eastern 
and southern Africa (Kenya, Malawi, and 
Zimbabwe). They reported that small-
holder farmers who do not apply nitrogen 
(N) fertilizer, or who apply N fertilizer at 
low levels, have such low yields that they 
will not immediately see a reduction in 
the yields from the increase in tempera-
ture. Turner and Rao (2013) found that 
systems that apply N fertilizer and have 
higher yields will be more susceptible to 
being impacted and have larger reductions 
in yields from climate change. This could 
be correlated with the use of water since 
greater yields and greater aboveground 
biomass production will require greater 
water use and will then be more suscep-
tible to periods of drought. However, they 
reported that these higher yields from 
higher N fertilizer inputs, even if impacted 
by periods of drought, should still be higher 
than yields of maize with no fertilizer, or 
maize fertilized with low inputs of N. As 
far as malnutrition, they acknowledge that 
with the current low yields in Malawi, if 
farmers are to overcome malnutrition they 
will have to increase their yields. Turner 

and Rao (2013) reported that N fertilizer 
could contribute to increased yields even 
in the hottest and driest areas but with an 
increased risk of crop failure. Their study 
was conducted with sorghum, which is a 
more drought-tolerant crop than maize. 

Although 70% percent of the crop area 
in Malawi is covered by maize, the most 
important crop in the country, less than half 
of the maize area (35%) uses fertilizer, with 
an average N fertilizer input rate of 39 kg 
N ha–1 (34.8 lb N ac–1) (Sauer and Tchale 
2009). Sauer and Tchale (2009) reported 
that average soil organic matter in these 
soils is low, at 1%. They conducted an N 
management survey and found a correla-
tion between N inputs to maize systems 
and yields, with a census average of 0.2, 1.5, 
1.9, and 2.6 t ha–1 (0.1, 0.7, 0.8, and 1.2 tn 
ac–1) for low, low to moderate, moderate, 
and high N inputs, respectively. The Sauer 
and Tchale (2009) census considered N 
input of 0 to 34 kg N ha–1 (0 to 30.4 lb N 
ac–1) to be low, 35 to 90 kg N ha–1 (31.3 to 
80.4 lb N ac–1) to be moderate, and >90 kg 
N ha–1 (> 80.4 lb N ac–1) to be high.

Ngwira et al. (2013a) conducted a four-
year N input study with maize across nine 
different sites in Malawi. They found that 
the control (zero N fertilizer) had aver-
age yields of 1.6 t ha–1 (0.7 tn ac–1). The 
treatment of 69 kg N ha–1 (61.6 lb N ac–1) 
significantly increased the average yields to 
5.5 t ha–1 (2.5 tn ac–1), and the combina-
tion of manure and fertilizer had average 
yields of 4.8 t ha–1 (2.1 tn ac–1). Ngwira 
et al. (2013a) concluded that the applica-
tion of just fertilizer for maize production 
with hybrid maize can be a productive, 
viable management practice if the farmer 
has proper storage facilities. The aver-
age yields for treatments with N fertilizer 
ranged from 5 t ha–1 to 7.5 t ha–1 (2.2 and 
3.3 tn ac–1) for the more productive sites 
(six of the nine sites), which was signifi-
cantly higher than the average yields for 
the control (zero fertilizer), which ranged 
from about 1 to 2.2 t ha–1 (0.4 and 1.0 tn 
ac–1). For the less productive sites (three of 
the nine sites), the yields for areas receiv-
ing N fertilizer inputs ranged from 1.8 
to 3.8 t ha–1 (0.8 and 1.7 tn ac–1), which 
was still higher than the yields obtained 
with the control (zero N fertilizer), which 
ranged from 0.4 to 2.1 t ha–1 (0.2 and 0.9 

tn ac–1). Ngwira et al. (2013a) reported 
that the yield responses to N fertilizer 
were higher (300%) in the areas that are 
more productive than the yield responses 
to N fertilizer in the less productive zones 
(200% to 300%).

Kamanga et al. (2014) conducted stud-
ies with small amounts of fertilizer at the 
rates of 15 and 30 kg N ha–1 (13.4 to 26.8 
lb N ac–1), which were applied to fields by 
smallholder maize farmers in Malawi. Even 
at these low inputs of fertilizer, Kamanga 
et al. (2014) found positive responses to 
fertilizer applications. The applied fertilizer 
increased the yields of maize from 0.65 to 
1.5 t ha–1 (0.3 and 0.7 tn ac–1) when the 
field was weeded twice and from 0.4 to 
0.9 t ha–1 (0.2 and 0.4 tn ac–1) when the 
field was weeded only once. Nitrogen 
fertilizer can be used to increase yields in 
Malawi (Benson 1999; Kamanga et al. 2014; 
Ngwira et al. 2013a; Sauer and Tchale 2009; 
Turner and Rao 2013). 

Snapp (2008) conducted studies (1,130 
total samples) about the soil chemical and 
physical properties of five of the eight agri-
cultural development divisions of Malawi. 
Snapp (2008) reported that in general, the 
dominant soil texture across Malawi is loamy 
sand, and as far as the pH, the soils were in 
general moderately acidic. The soil organic 
carbon (C) content was low and averaged 
1.4%, with a low N mineralization potential. 
Snapp (2008) reported that the soil potas-
sium (K) and calcium (Ca) levels across the 
country are sufficient for crop production. 
As far as soil phosphorus (P) levels, Snapp 
(2008) reported that some areas have low 
P levels that could contribute to deficient 
levels of P for crops, while other areas have 
sufficient levels of P for adequate crop pro-
duction. As far as micronutrients, soils in the 
Ezda region were reported to have low zinc 
(Zn) content (Snapp 2008).

INCREASING MAIZE YIELDS IN MALAWI 
WITH CONSERVATION AGRICULTURE

Thierfelder et al. (2012) conducted long-
term studies (8 years) in Zimbabwe and 
found that conservation agriculture had 
advantages over conventional agriculture. 
Direct seeding with conservation agri-
culture increased yields compared to the 
conventional tillage systems. They found that 
rotations with cover crops and leguminous 
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Because of the slow mineralization of the 
leguminous crop they recommended that 
the input also be combined with the use of 
inorganic N fertilizer. All of these studies 
show that there is a need to transfer more 
than the fertilizer or seeds to a farmer, 
and that a technology package to improve 
management of water, planting, cultivation 
practices, and N fertilizer use to achieve 
potentially higher yields is needed.

Training is also needed on how to 
make the best decisions for N manage-
ment (figures 1 and 2). New technologies 
such as the Nitrogen Index Tool, which 
can be applied in low-intensive systems or 
even be run in smartphones, have shown 
potential to help people make decisions 
about N management practices (Monar et 
al. 2013; Delgado et al. 2013). The USDA 
Foreign Agricultural Service, University 
of Missouri, and USDA Agricultural 
Research Service have been cooperat-
ing with Malawi’s Ministry of Agriculture, 
Irrigation, and Water Development in 
technology transfer for implementation 
of conservation agriculture and improved 
management practices. As part of this coop-
eration, the new Malawi Nitrogen Index 
has been developed and transferred to the 
Ministry of Agriculture and Food Security 
in Malawi. The tool can be used to integrate 
information about management practices 
in Malawi, to provide a quick assessment 
of the N balance, and to generate recom-
mendations for N fertilizer application in 
Malawi. The tool can also assess potential 
residual soil NO3 and pathways for N losses, 
including emissions of nitrous oxide (N2O).

SUMMARY
The peer-reviewed scientific literature 
strongly suggests that Malawi is at a cross-
roads as far as implementing policies that 
are needed for climate change adaptation. 
Papers have reported that the population 
growth and effects from climate change 
that have been projected to occur could 
significantly impact food security, increas-
ing the percentage of the malnourished 
population in Malawi to close to 100% 
in the next two decades. The literature 
suggests that if policies that are oriented 
towards climate change adaptation are 
not implemented, the potential to main-
tain and/or achieve food security will be 

crops using direct seeding with conservation 
agriculture increased yields even more com-
pared to the conventional tillage systems. In 
Malawi, Ngwira et al. (2013b) reported that 
conservation agriculture increased average 
yields in 12 different sites in Malawi from 
2005 to 2011 by 22% to 26%. However, 
they found that the increases in yields were 
dependent on the agroecological region. 
In the low-rainfall, low-altitude areas of 
Balaka and Machinga, conservation agricul-
ture increased yields by 31.3% and 67.7%, 
respectively. However, in the higher altitude, 
wetter areas of Chipeni and Enyenzi, con-
servation agriculture reduced the average 
yields (although not significantly) by 1.6% 
and 14.9%, respectively. These studies from 
Ngwira et al. (2013b) suggest a need for 
studying the spatial responses to conserva-
tion agriculture and a need to consider not 
only yield increase but net responses when 
comparing conservation agriculture and 
conventional systems. There is potential to 
use conservation agriculture to adapt to 
climate change (FAO 2009; Thiombiano 
and Meshack 2009; Ngwira et al. 2013b; 
Delgado et al. 2011).

NECESSITY OF CONSIDERING THE 
HUMAN DIMENSION TO INCREASE 

MAIZE YIELDS IN MALAWI
Ricker-Gilbert et al. (2011) studied the 
effects of fertilizer on the production of 
maize in Malawi and found a residual effect 
since users of fertilizer in fields that were 
not fertilized in previous years increased 
their yields by 1.8 kg kg–1 (4.0 lb lb–1) of 
fertilizer applied, which was much lower 
than the increase in yields observed for 
users of fertilizer in fields that were fertil-
ized the previous three years, who increased 
their yield by 3.2 kg maize kg–1 (7.1 lb 
maize lb–1) of fertilizer applied. These data 
suggest that there is an effect of residual N 
inputs due to residual inorganic N or due 
to N cycling in the system that is contrib-
uting to higher yields. Higher yields could 
also contribute to higher belowground soil 
organic matter that could contribute to 
other biogeochemical benefits. 

Lunduka et al. (2013) conducted a 
cost-benefits analysis of subsidized fer-
tilizer from 2005/2006 to 2008/2009. 
Lunduka et al. (2013) concluded that the 
incentive programs of maize fertilizer sub-

sidies were not very effective at increasing 
yields and food security. They proposed 
several recommendations for improving 
the programs. For example, one of their 
recommendations was that the programs 
be improved in such a way to increase 
timely application of fertilizer, since the 
distribution of the product may not occur 
when the fertilizer is needed. Lunduka 
et al. (2013) shows that increasing food 
security is not just a scientific question 
as far as determining the soil and physi-
cal factors, but that there is also a human 
dimension and social aspects that are very 
important for food security as well as the 
effectiveness of subsidized programs. These 
are examples of how the human dimen-
sion of conservation is an important aspect 
to consider in climate change adaptation 
efforts and examples of how management 
decisions (Lal et al. 2011) and conservation 
practices (Delgado et al. 2011) are impor-
tant factors in adapting to climate change. 

Sauer et al. (2007) reported that inte-
grated soil fertility management that 
includes use of legumes and inorganic fer-
tilizer contributes to improved yields; this 
is important because all farmers may not 
be able to use inorganic N fertilizer alone 
at the needed rates. Sauer et al. (2007) 
reported that other sources of N, such as 
leguminous crops, with improved manage-
ment could contribute to increased maize 
yields. This is in agreement with the find-
ings from the Phiri et al. (1999) study of 
the effects of N fertilizer added at a rate 
of 120 kg N ha–1 (107.1 lb N ac–1) com-
pared to the control (zero N fertilizer) 
and to an organic treatment only applying 
the leguminous crop, sesbania (Sabanian 
sesban). Phiri et al. (1999) found that the 
maize yields were still low at 1.7, 2.1, and 
0.5 Mg ha–1 (0.8, 0.9, and 0.2 tn ac–1) for 
the organic treatment (sesbania), N fertil-
izer treatment, and control (zero fertilizer) 
plots, respectively. They discovered a high 
accumulation of residual soil nitrate (NO3) 
in the soil profile of about 53, 33, and 24 
kg N ha–1 (47.3, 29.5, and 21.4 lb N ac–1) 
for the inorganic N fertilizer treatment, 
sesbania (leguminous) treatment, and 
control (zero fertilizer) plots, respectively. 
After 85 days with the sesbania treatment, 
the soil inorganic N content was higher 
than that of the control (no fertilizer) plots. 

C
opyright ©

 2015 Soil and W
ater C

onservation Society. A
ll rights reserved. 

w
w

w
.sw

cs.org
 70(5):109A

-114A
 

Journal of Soil and W
ater C

onservation

http://www.swcs.org


112A JOURNAL OF SOIL AND WATER CONSERVATIONSEPT/OCT 2015—VOL. 70, NO. 5

significantly diminished. This is in agree-
ment with the Delgado et al. (2011) paper, 
which reviewed the scientific literature 
on climate change and conservation 
practices, and in agreement with the posi-
tion statement from the Soil and Water 
Conservation Society about the impor-

tance of conservation practices for climate 
change adaptation. 

The literature supports the use of con-
servation agriculture to adapt to climate 
change and increase yields. Yields can be 
increased with N fertilizer application, 
improved seed, and crop varieties that can 
better adapt to climate change. There is 
potential to use these technologies to dou-
ble and triple yields across different regions 
of Malawi, especially in the most produc-
tive regions of Malawi. Other approaches 
that can contribute to climate change 
adaptation are the use of leguminous 
crops and/or manures that can contrib-
ute to improved soil quality and increase 
the N inputs to maize systems. Integrated 
systems that use N fertilizer, leguminous 
crops, manure inputs, and improved man-
agement practices (especially those that 
can increase water use efficiency) can con-
tribute to climate change adaptation.

There is a need to improve policies and 
programs to make the current govern-
ment N fertilizer input subsidy programs 
in Malawi more effective. The human 
factor, where managers decide how to 
implement best management practices, is 
also important. Extension agents trained in 
these topics, as well as new tools, can help 
users make decisions about how to apply 

best N management practices to increase 
maize yields. 

For Malawi and other regions in Africa 
that could be impacted by lower pre-
cipitation and higher temperatures, the 
challenge is in front of us. However, “busi-
ness as usual in science, agriculture, and 
ecosystem management” will not work 
as an approach to adapt to climate change 
(Poppy et al. 2014), and there is a need to 
implement policies for adaptation to cli-
mate change (Poppy et al. 2014; Delgado 
et al. 2011; figures 3 and 4).
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