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Abstract 3. Department of Crop Protection, University of Ilorin, Ilorin, Nigeria.

This paper di ; :
. lima’t’ ep . Imnuzu;sed ’hf’ tmpact '0f climate change on agriculture as a vital issue. It compared the effects of
influence of fl imar;eag;nculture i temperate and tropical regions.- It further discussed the Jollowing: the
aie change on crop production: : R : . .
global warming; spec ific f P production; the biophysical impact of climate changes associated with

udies in temperate and tropical regi 1 x iculture;
i ' - dies _ gions on climate change; impact on agriculture;
global estimates of agricultural impacts and adaptration to climate change.

Keywords: Ciimate change, Global warming, Temperate, Tropics, Agriculture, Adapration.
1. Introduction

Climate change is a change in climate that is attributa

. - ble directly or indirectly to human activities that alters the
atmospheric composition of the earth which leads to

x A global warming (Medugu, 2011). Climate change has the
pon.tnual of affecting all natural and human systems and may be a threat to human development and survival
socially, politically and economically. Agriculture is the basic activity by which humans live and survive on the
earth. Assessing the impacts of climate change on agriculture is therefore a vital task.

In both developed and developing countries (Nigeria inclusive), the influence of climate on crops and livestock
persist, despite irrigation, improved plant and animal breeds and the growing use of chemical fertilizers. The
continued dependence of agricultural production on light, heat, water and other climatic factors, the dependence
of much of the world’s population on agricultural activities and the significant magnitude and rapid rates of

possible climate changes all combine to create the need for a comprehensive consideration of the potential
impacts of climate on global agriculture.

The temperate and tropical regions differ significantly in their biophysical characteristics of climate and soil and
in the vulnerability of their agricultural systems and people to the climate. This paper focused on the
impact/effects of the climate change on agricultural productivity. These changes occur as a result of high levels
of carbon dioxide in the atmosphere and associated global warming. The projected climate changes for the
temperate and tropical areas in the climate mode!s project larger temperature increase in the temperate region
than in the tropical region (Rosenzweig and Liverman, 2011). :

1.1 Comparison of Temperate and Tropical Agriculture

The tropics are the geographical area lying between 23.5 deg. N and 23.5 °S latitude, while the temperate
regions are found above these parallels. Climatologically, the tropics are characterized by high year-round
temperatures and weather is controlled by equatorial and tropical air masses. Tropical precipitation is primarily
convective. In the more humid tropical regions, annual rainfall is often above 2000 mm and falls in almost all
months of the year while in the drier tropics; rainfall can be 'bclovf/ §Omm and be very seasonal. The remainder
of the region lies between these precipitation regirpes,. 'Wllh distinct wet and dry seasons. Agriculture is
frequently limited by the seasonality and moisture availability.

In the mid-latitude temperate zone, weather is controlled by both tropical and polar air masses. Precipitation
here occurs along fronts within cyclonic storms. The temperate region also has many different climate regions
with warmer and cooler temperatures and seasonal rainfall. Temperate agriculture is often characterized and
predominantly limited by seasonally cooler temperatures.

Reported experiments have shown that even though' yield per day is often higher in the tropics, total crop growth
season is shorter (Haws, et al., 1983). Leaf expansion and phas:c developmem are faster in the tropics because
of higher temperatures during vegetative growth, but crop _yle!ds are consistently found to be higher in temperate
regions than in the tropics (Food and Agriculture Organization (FAO) 1990). Many factors contribute to this
result. Soils in the humid tropics tend to be highly leached of nutrients because of high rainfall and erosion, and
are therefore unproduclivc. Soils in the drier tropics are often hampered by accumulations of salts and lack of
water (Barrow, 1987). Temperate soils are generally viewed as more favourable to agriculture than tropical soils
because of higher nutrient levels. However, there are exceptions in both regions, with high productive volcanic
and fluvial soils found in the tropics, and poorly developed and infertile soils in temperate regions.
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ISRy n many humid tropical regions by the wide range of weeds
ral production is also seve nN)i‘ﬂCn moist climates. The growth of some crop varieties, -
diseases that flourish m‘c:t ~u‘) o o maturity, is also limited by the invariable day lengths of the
long hours of daylig wth, and whose intensity is controlled by the angle of the

is critical to plant gro ( ! :
n ower in winter and higher in summer in temperate zones. In the tropics, solar
ess during the rainy season (Barrow 1987).

e mited i
| Agftl::::: tly warm and
pes :
which require long 1 _
tropics. Solar radiation, whw i
sun, day length and cloudiness, 18 .l
radiation is often limited by cloudin ‘
Agricultural crops and cropping systems have been developed for, and adapted to thcsg varied fcgimcs of soil,
ceat ' ). The main commercial agricultural crops and their adaptations include:

iseases and pests (Haws et al., 1983 . ' :
‘ i b Cassava and sugarcane, which only grow in tropical areas and
have a crop duration of one year or longer. Cassava is drought resistant, but sugarcane

requires irrigation in dry areas or dry period. - .
ii. Groundnut, sorghum and sweet potato which grow in both tropical and sub-tropical regions in
relatively dry seasons.
iii. Rice, which is mainly grown in tropical and subtropical zones in the rainy season or with
irrigation.
Maize and field beans grow in both zones, preferably with seasons with enough rain.

iv.

v. Wheat, soyabean and potato are crops of the subtropical and temperate zones and grow in the
tropics at high (cooler) elevations.

vi. Sugar beet is grown only in the temperate zone.

Fruits such as bananas, pineapples, stimulants e.g. coffee, tea and spices grow best in the tropics. Tropical
regions also provide winter season produce for temperate zones. In temperate agriculture, plant breeding and
fertilizer use produced dramatic yield increases for many crops in the early twentieth century. Recently in the .
tropical regions, there are similar increases for crops such as wheat, maize and rice, which benefited from the
technological package of improved seeds, fertilizer, mechanization and pesticides known as the Green

Revolution.

In both temperate and tropical regions, irrigation has been developed in areas where dry seasons exist and
adequate water can be reserved from other seasons or brought in from adjacent regions. Irrigation is an

important remedy against climate variability and climate change.

Technology, different farming systems and economics also contribute to the yield differences in temperate and
tropical regions. Agriculture in temperate regions is characterized by high levels of inputs such as quality seed,
fertilizer, herbicides and pesticides and a high degree of mechanization and capitalization. European agriculture
is particularly intensive and there are wide variations in the use of technology. In tropical regions, many
farmers cannot afford inputs and governments cannot afford to subsidize them. -In some parts of the tropics,
traditional technologies, such as multiple cropping and terracing, act to buffer the system against climate
variability, conserve soil fertility and increase yields (Rosenzweig and Liverman, 2011).

The tropics are more dependent on agriculture and therefore more vulnerable to climate change, than the
temperate regions. About 75% of the world’s population lives in the tropics and two thirds of these people rely
on agriculture for their livelihood; with low levels of technology, land degradation, unequal land distribution
and rapid population growth. Many tropical regions are exceeding their capacity to feed themselves (Adams éf

al., 1990). -

Jodha (1989) argued that the unequal social structures and international position of many tropical countries also
increase vulnerability to climate variability, as the ptople have no extra land, job savings or government
them through droughts or other climatic extremes. When the economic system is oriented
climate change may threaten the whole national economy and

assistance to see
lations depend mostly on cereal imports from the U.S.A.

towards export rather than subsistence agriculture,
food system. Those regions that cannot feed their popu
Canada, France, Australia, Argentina and Thailand (FAO, 1990).

12 . The Influence of Climate Change on Crop Production T ar;-- e
Climate impacts on agriculture lies on the biophysical Sciences. The rates gf most b.nophysu:al'g:'.rocx’-sr»ef"ﬁ,r ey
highly dependent on climate variables such as radiation, temperature and moisture which vary rcglonal?yv- 1
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example, rates of plant ph\o‘tosymhesis de
atmospheric carbon dioxide (COy). Te
progresses through varjous stages to
accumulation of biomass is constrain
(1985) and Parry (1978) have examij
stati§tical analyses and simulation mo.
tropical agricultural systems and natio

pend on the amount of photosynthetically active radiation and levels of
mperature is an important determinant of the rate at which a plant
wards maturity (World Meteorological Organization, 1979). The
ed by the availability of moisture and nutrients to a growing plant. Nix
ned the impacts of climate variations on agriculture using case studies,
dels and have clearly demonstrated the sensitivity of both temperate and
ns to climate variations and changes, '

.I:mt:fi ::Tll:gf;: gt:)gvlgr:sbthe impacts of climate variability, particularly drought, on yields of grains in North
T e trapies, oo nion have b_ecn of particular concern because of their effects on world food security.
when i ght impacts on agriculture and resulting food shortages have been widely studied, especially

associated with the failure of the monsoon in Asia or the rains in Suddano-Sahelian Africa. In the

temperatc regions, climatig variations are associated with economic disruptions; in the tropics, droughts bring
famine and widespread social unrest (Pierce, 1990).

1.} ' The Biophysical Impact of Climate Changes Associated with Global Warming

Itis behev.ed that global climate change will bring higher temperatures, altered precipitation and higher levels of
atmospheric CO, (IPCC, 1900a). Higher temperatures hasten plant maturity in annual species. This shortens the
growth stages during which pods, seeds and grains can absorb photosynthetic products. This is one reason why
yields are lower in the tropics than in the temperate regions. Crop yield depends on both the rate of carbohydrate
accumulation and the duration of filling periods. The economic yields of both temperate and tropical crops
grown in a warmer and CO, — enriched environment may not rise substantially above present levels, despite
increases in net photosynthesis (Rose, 1989).

Temperate and tropical regions differ in both current temperature and the temperature rise predicted for climate
change. The relative magnitude of combined CO, and temperature effects will likely be different in the two
regions. Increases in temperature will also lengthen the frost-free season in temperate regions, allowing for
longer duration crop varieties to be grown and offering the possibility of growing successive crops (moisture
conditions permitting). In tropical locations where increased temperatures may move beyond optimal, negative
consequences may dominate.

14 Physiological Effect of CO,

Apart from climate change, CO, has other effects on crop plants called “Fertilizing” effects. Most plants
growing in enhanced CO, exhibit increased rates of net photosynthesis. The higher photosynthesis rates are then
manifested in higher leaf area, dry matter production, and yield for many crops (Acock and Allen, 1985). High
CO, has contributed to upward shifts in temperature optima for photosynthesis and to enhanced growth with

higher temperatures (Idso et al., 1987).

1.5 Soils
Climate change will also have an impact on the soils, a vital element in agricultural ecosystems. Higher air

temperatures will cause higher soil temperatures, which should generally increase solution chemical reaction
rates and diffusion-controlled reactions (Buol et al., 1990). Solubility of solid and gaseous components may
either increase or decrease, but the consequences of these changes may talgc many years to becorpe s¥gmﬁcam
(Buol et al., 1990). Higher temperature will also accelerate the.dccay of soil organic matter, resulting in release
of CO, to the atmosphere and decrease in carbon/nitrogen ratios, although these two effects should be offset

some what by the greater root biomass and crop residues resulting from plant responses to higher CO,,

ere crops are already heavily fertilized, there will be no major change in fertilizer
lterations in turning and method (e.g. careful adjustment of side-dress application of
owth) are expected with changes in temperature and precipitation regimes
tries, where levels of fertilizer applied are not always adequate, the need for

In temperate countries wh
application practices, bqt a
nitrogen during vegetative crop gr
(Buol et al., 1990). In tropical coun
fertilizer application will probably increase.

Level . . ; <
11{6 in si:atevel is another predicted effect of global warming. It will cause increased flooding, salt water
e ! agricultural soils located near the coasts. This is particularly crucial in .

i i d rising water tables in ' . ‘ . .
::;;:z::ncgzmries sguch as Nigeria and Bangladesh, with large agricultural regions and high rural population

located near on their coastal regions.
1.7 Pests
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Pests are organisms that affect agricultural plants und amimals 1n ways considered unfavourable, They incj
weeds, certain insects, arthropods, bacteria. fungi, nematodes and virus, Climate variables such as "
wind and humidity control the geographic distribution of pests. Climate change is likely to alter their rangeg
Insects may extend their ranges where warmer winter temperature allow their over-wintering surviva] anci
increase the possible number of generations per season (Stinner er al., 1989). Pests and diseases from low
latitude regions, where they are much more prevalent, may be introduced at higher latitudes. As a consequence
of pest increase, there may be an increase in the use of agricultural che
regions for their control.

ude
Mperatyre,

2. Specific Studies in Temperate and Tropi
Very few integrated regional studies have been com

warming (1.1%) of the 1930s and with farmer adaptation and CO; physiological effects taken into account,
regional production declined by 3.3 % with the IPCC (1990a) estimate of 2.5 °C warming for double CO,

conditions. These results imply agricultural losses of about 10% for equilibrium warming of doubling of carbon
dioxide equivalent (Cline, 1991).

Parry et al. (1988b), in their studies of the impact of climate changes on agriculture in Kenya, Brazil, Ecuador,
India and Australia; used the impacts of past climatic variations, rather than projections of future climate, to
provide insights into the sensitivity of agriculture to climate change.

Liverman (1991) described how global warming may affect Mexican agriculture, using GCM output to project
declines in moisture availability and maize yields at several sites in Mexico. A number of conferences and
publications have recently raised concern about the possible impact of global warming on tropical regions, but
explicit analyses of how global warming may affect tropical agriculture have not been concluded (Suliman,
1990 and Universidad de Sao Paulo, 1990).

2.1 Global Estimate of Agricultural Impacts _
Global estimates of agricultural impacts have been fairly rough today due to lack of consistent methodology and
uncertainty about the physiological effects of CO, (Rosenzweig and Liverman, 2011). General studies of how
climate change might affect agriculture include those of Warrick (1988? and .Kane et al. (1989), v«{ho predicted
improvements in agricultural production at high latitudes and reductlops in the Northern herplsphere mid-
continental agricultural regions. The IPCC (1990b) concluded that while future food product!qn shogld be
maintained, negative impacts were likely in some regions, particularly where present-day vulnerability is hi gh.

An international project of the US Environmental Project Agency (EPA?,, “Implications of Climate Changc for
International Agriculture: Global Food Trade and Vulnerable Regions,” has been cstab_hshcd to estimate the
potential effects of green house gas-induced climate change on global fooc! trade, focusing on the dlsthutlon
and quality of production of the major food crops for a consistent set of climate change scenarios an.d in ?Oz
physiological effects. Other goals of the project are to determine ho‘w currently vuln.erable food deﬁcq regions
may be affected by global climate change; to identify the future locatlons‘ of thqse regions and thq magnitudes of
their food-deficits; and to study the effectiveness of adaptive responses, including those of genetic resources, to
. global climate change (Rosenzweig and Liverman, 2011).

As part of the EPA project, crop specialists are estimating yield changes at over 100 sile_.s in over 20 countrci;sd,
. under common climate change scenarios using compatible crop growth models. The focus is on staple fi
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crops s st i .
Ber?chn:l::]k aSS";h;‘:‘\;:;i f':r“ii"; a"d.S()yubeur'l.s. The crop models are those developed by the International
was based on several criteria i &‘lm;c}hnology Transfer (IBSNAT, 1990). The choice of IBSNAT crop models
variable of temperature, preci ';“' luding the fact ll‘lat. the models simulate crop response to the major climate
availability for cro P N ipitation and solar radiation, and include the effects of soil characteristics on water

P growth; the models also have been validated for a range of soil and climate conditions; and

they are devel i :
Wit:’,l pTctsps oped with compatible data structures so that the same soil and climate data bases could be used

%E . Adaptation to Climate Change

is exists at the i . oo . i

chioEes It P various levels of agricultural organization. In temperate regions, farm level adaptation include

e appropriatel:g a}:ld harvgsl dat_es, tillage and rotation practices, substitution of crop varieties or species

irigation aﬁd p o the changing climate regime, increase in fertilizer or pesticide applications and improved
rainage systems. Governments can facilitate adaptation to climate change through water

developmen i : : e . . 2
insurarﬁ:e t projects, agricultural extension activities, incentives, subsidies, regulations and provision of
N (

Slm.llar adaptatl(?ns could occur in tropical regions. In Mexico, preliminary results from the EPA International
Agncultural project suggest that severe declines in maize yields under global warming could be mitigated if
climate ?hange is accompanied by increases in irrigation, fertilizer use and the use of drought resistant varieties.
'.The. major problem in the tropics, compared to most temperate regions, is the relative lack of resources,
institutions and infrastructure to provide such adaptation.

3. Conclusions

In general, the tropical regions may be more vulnerable to climate change than the temperate regions for
reasons. On the biophysical side, temperate C3 (the first product in their biochemical sequence of reactions has
three carbon atoms) crops are likely to be more responsive to increasing levels of CO,,

several

Tropical crops are closer to their high temperature optima and experience high temperature stress, despite lower
projected amounts of warming. Also, insects and diseases, already much more prevalent in warmer and more

humid regions may become even more widespread.

more vulnerable to climate change because of economic and social constraints.
| dependence on agriculture, widespread poverty, inadequate technologies and
he impacts of climate change in tropical regions.

Tropical regions may also be
Greater economic and individua
lack of political power are likely to exacerbate t

Due to global warming, plant breeders should place more emphasis- on development of heat and drought
resistance crops. Research is needed to find out the curren_t limits to these .rcsistances and the feasibility of
manipulation through modern genetic techniques. Both al’Cl"lltCCt'Ul'C and physnology may be genetically altered
to adapt to warmer environmental conditions. In some regions it may be appropriate to take a second look at

traditional technologies and crops as ways of coping with climate change.
g for resource allocation, including land, water, and agriculture

In coastal areas, agricultural land may be flooded or
ght may increase these eventualities and can be dealt

At the regional level, those charged with pl.annin
development, should take climate change into afzcount.
salinized; in continental interiors and other locations, drou

with more easily if anticipated.

As climate factors change, 2 host of consequences will ripple through the agricultural system, as human decision
involving farm management, grain storage facilities, transportation, infrastructure, regional markets and trade
atterns gres, ond. For example, field-level changes in thermal regimes, water conditions, pest infestations and
p POt yields may lead to changes in farm management decisions based on

i i tity of

importantly, uality and quan in . .
:lr;ﬁtsrted rli)sk asseyssrcrl)ents. The consequences of these management decisions could result in local and regional
alterations in farming systems. Jand use, and food availability ultimately. Impacts of climate change on

agriculture may reverberate throughout the international food economy and global society.
Agt the national and international levels, the need of regions and people vulnerable to the effects of climate
change on their food supply should be addressed. In many cases, reducing vulnerability to current climate

variability should also serve to mitigate the impacts of global warming.
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