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WATER DEPLETION AND CONTAMINATION:  
Soil salinization, depleted aquifers, 
alterations of watershed by changing stream 
and river flows. Water supplies in India are 
dwindling. South Africa is largest importer of 
pesticides in Africa and they have been 
detected in endangered avian species.

Pre-Production Production Post-Production 

LAND AVAILABILITY: While 
globally wheat area 
harvested has decreased, in 
SSA it has increased from 
about 8 million ha in 1980 to 
9.5 million ha in 2010. 
 

HEAT STRESS: Heat stress is noted 
as the greatest constraint to wheat 
in India with a linear decline in 
yield after optimal planting date. 
SOIL FERTILITY: stagnating or 
declining yields in SA have been 
tied to lack of K, N, C, Zn, and P. 
 

WATER CONSTRAINTS: About 30% of yield 
losses in India are estimated to be due to 
water-related constraints. Water constraints 
exacerbate heat stress. 

LAND INTENSIFICATION OR 
EXPANXION: In SA, rice and 
wheat are grown on the same 
land, alternating seasons.  
 

LAND DEGRADATION: gradual 
degradation of soil over time 
from planting rice and wheat on 
the same land, twice a year. 
 

INCREASE YIELD: improved 
management techniques will 
reduce the need to clear more 
land.   
 

 

CREATE NEW LAND CONSTRAINTS: if 
new varieties are introduced, new 
lands may be converted to grow 
wheat.  
AGROCHEMICAL RUNOFF: Pollution 
of waterways and greenhouse gas 
emissions. 

STORAGE LOSSES: 
Temperature and moisture 
conditions allow fungal 
growth and insect 
infestation. Storage losses 
accounted for only 1.5% in 
Bangladesh. 

SECURE STORAGE: iron silos or 
seal steel hoppers, alternative 
low-cost storage such as using 
bed nets or modifying gases of 
storage environment. 

GREENHOUSE GAS EMISSIONS: 
On-field crop residue burning, 
and transportation great 
distances from farm to market. 
 
 

UTILIZE WASTES: Integration of 
crop residues reduces CO2 
emissions and improves soils 
without adversely affecting 
yields. 
 

CROP ROTATION, FALLOWING, 
INTERCROPPING, ZERO TILLAGE: 

AVOID LATE PLANTING: Wheat can be 
planted only after rice is harvested in 
rice-wheat production system. 
AGROCHEMICAL INPUT USE:  

BIOTIC FACTORS: Rusts, weeds, and pests 
lead to reduced yields.  
 

ZERO OR REDUCED TILLAGE AND PERMANENT 
BEDS: to retain soil moisture. 

 

IRRIGATION: About 80% of wheat grown in India 
is irrigated.   
PESTICIDE, HERBICIDE, FUNGACIDE USE: 
 

Table 1: Crop-Environment Interactions in Wheat Production Systems in Sub-Saharan Africa (SSA) and South Asia (SA) 
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Introduction 
 
This literature review examines the environmental 
constraints to, and impacts of, wheat production systems in 
South Asia (SA) and Sub-Saharan Africa (SSA). The review 
highlights crop-environment interactions at three stages of 
the wheat value chain: pre-production (e.g., land 
availability), production (e.g., heat, water, and soil), and 
post-production (e.g. storage, crop residues, and transport). 
At each stage we emphasize environmental constraints on 
production (e.g., poor soil quality, water scarcity, crop pests, 
etc.) and also environmental impacts of crop production 
(e.g., soil degradation, water depletion and pollution, 
greenhouse gas emissions, etc.). We then highlight published 
best practices for overcoming environmental constraints and 
minimizing environmental impacts in wheat production 
systems. 
 
Table 1 summarizes the key environmental constraints and 
environmental impacts associated with wheat production in 
SA and in SSA. In reality many crop-environmental 
interactions are a matter of both cause and effect. For 
example, water scarcity is both an environmental constraint 
on wheat production (e.g., drought) and an environmental 
impact of wheat production (e.g., aquifer depletion due to 
irrigation).  
 
Responses to environmental constraints on crop production 
must therefore take into account environmental tradeoffs 
associated with different practices, and also recognize when 
short-term adaptations might be exacerbating medium- or 
long-term environmental constraints. 
 
 
Production systems 
 
Globally, wheat production systems show a great deal of 
regional variation, both in terms of climate and farm 
production practices(Braun et al., 1996).  However, wheat is 
most widely grown in dry, temperate climates. There is 
usually one growing season per year, as opposed to other 
crops that have multiple (Clay, 2004).  In 2010, SA produced 
an estimated 124,609,303 tons, or 19% of world production 
(FAO, 2012). Much of SA wheat is grown in the mixed rice-
wheat system of the Indo-gangetic plains, with rice grown 
during hot, monsoon summer months and wheat grown during 
cooler, drier winter months under irrigation.  Rice-wheat 

crop systems are located in a broad swathe from Northern 
Pakistan, through Eastern and Northern India, to Northwest 
Bangladesh. In a report for the FAO, Sayre(2002) identified 
this zone as the most important developing-world wheat 
producing area, accounting for roughly 90% of irrigated wheat 
production among developing world countries.   
 
Wheat production is far less prevalent in Africa, accounting 
for only 3% of global wheat production in 2010(FAO, 2012). 
However, it is important in a number of Africa countries, In 
SSA, wheat is often grown at higher altitudes, in areas with 
moderate temperatures and relatively high rainfall (Sayres, 
2002). In 2010, the top wheat producing countries in SSA 
were Ethiopia (%), South Africa (%), and Kenya (%) (FAO, 
2012).  In Ethiopia, the largest producer, wheat is typically 
grown by smallholder farmers under rain-fed conditions 
without the use of agricultural inputs (White et al.,  2001). 
 
Pre-Production of Wheat 
 
Land Constraints 
 
One of the most binding constraints on any crop system is the 
availability of sufficient and suitable land to cultivate. 
Although globally the area harvested for wheat has decreased 
in the past several decades, it increased moderately in Africa 
from 8,118,473 ha in 1980 to 9,528,801 ha in 2010 and in 
Southern Asia from 37,889,681 ha to 48,087,659 ha (FAOstat 
2010). Land is not currently seen as a major constraint to 
wheat production (Joshi 2007; Hobbs 1998). However, as the 
climate changes, areas under wheat production may become 
unsuitable due to rising temperatures. If new wheat varieties 
are developed, wheat production could expand into new 
ranges and create pressure to convert non-agricultural lands 
to wheat production (Hobbs 1998). Habitat conversion to 
agricultural use may result in loss of biodiversity and changes 
in drainage and hydrology (Clay 2004). 
 
Adaptation to Land Constraints 
 
 Intensification: In South Asia, where land is relatively 

scarce, farmers have primarily responded to land 
constraints through intensification with the rice-wheat 
cropping system.  

 Expansion: In Ethiopia, Gebreselassie (2006) attributed 
increased agricultural production to land expansion 
rather than technology adoption because from 1990-2004 
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grain production increased by 74%, area cultivated 
increased 51%, but yields only increased 18%.  

 
Taffesse (2011) concurs that in the last decade yield 
improvements for cereals in Ethiopia have primarily come 
from land expansion. However, there is little suitable land 
available for further expansion of crop cultivation, especially 
in the highlands. Future cereal production will need to come 
from yield improvements. 
 
Environmental Impacts of Land Use Strategies 
 
Both agricultural intensification and agricultural expansion 
have potential negative environmental impacts. Impacts of 
either practice broadly include: 
 
 Erosion and land degradation: Over-cultivation of 

degraded and marginal lands damages soil structure and 
reduces water retention capacity. Loss of vegetative 
cover with land clearing also worsens wind and water 
erosion, particularly on sloped and drought-prone plots;  

 Soil nutrient mining: Repeated wheat harvests deplete 
soil nutrients, including key micronutrients;  

 Climate change: Greenhouse gas emissions from wheat-
related land clearing increase when soil carbon is 
released due to over-cultivation and when stored carbon 
in forests and grasslands is released through conversion 
to wheat cropland; and 

 Loss of wheat genetic diversity: Production systems 
favoring multiple annual crops (rather than alternating 
crops or fallowing) and employing a small number of 
modern varieties (rather than multiple local varieties) 
may reduce crop resilience to stressors (Smale et al., 
2008). 

 
The consequences of greenhouse gas emissions on climate 
change are in part attributable to general farming practices 
rather than individual farmer land use decisions. The 
consequences of soil erosion and nutrient mining, on the 
other hand, can be vividly observed at the farm level. 
Globally, 24% of land experienced degradation from 1995-
2008 as measured by declining ecosystem function and 
productivity, particularly along sloped lands in Africa and 
Southeast Asia (Bai et al., 2008). In India, decades of twice-
annual harvests through an intensive rice-wheat system have 
led to chronic land degradation and stagnating yields. Lal 
(2009) reported combined depletion of nitrogen, phosphorous 
and potassium in thirteen provinces in India to be as much as 
80kg/ha annually, while other research suggests yield barriers 
in part driven by micro-nutrient deficiencies including zinc, 
boron, and sulfur (Gupta & Seth, 2007). Though wheat-
specific data on land degradation are unavailable for Africa, 
Lal (2009) reported overall annual depletion of nitrogen, 
phosphorous and potassium on African cultivated lands had 
averaged 22kg, 2.5kg and 15kg per hectare respectively since 
1975 – an amount equivalent to roughly $4 billion dollars in 
fertilizer per year (Sanchez & Swaminathan, 2005). 
 
Best Practices for Pre-Production Land Use 
 
 Increase yield: greater yield on the same land through 

improved management techniques will reduce the need 
to clear more land. 

 Maintaining genetic diversity of wheat varieties: 
mitigates risk on marginalized lands as an effective 

strategy for enhancing productivity in the highlands of 
Ethiopia (Di Falco 2007). 

 Selecting sites suitable for wheat cultivation: 
Ecologically beneficial lands (in terms of ecosystem 
services and habitat) may be unsuitable for wheat when 
soil, climate and biodiversity impacts are considered 
(Gupta & Seth, 2007). 

 
 
Production of Wheat 
 
Heat Stress Constraints 
 
Wheat is sensitive to heat stress because as temperature 
increases, photosynthesis time shortens, grain-filling time 
shortens, and mass per grain and overall yields decline 
(Lawlor & Mitchell 2000). One study on spring wheat found 
that each degree Celsius of temperature increase during the 
growing season was linked to a 6% decline in grain yield 
(Bender et al., 1999). There is a linear decline in yield after 
the optimal planting date in Indian Gangetic Plains (Hobbs 
1998). 
 
Wheat growing regions are defined as heat stressed when the 
highest average temperature in the coolest month is above 
17.5 degrees C.  Heat stress can be caused by the climate or 
late planting of the wheat crop (Waddington 2010; Duveiller 
2007). The optimum temperature range for growing wheat is 
20-25 C, but temperatures up to 35 C are possible (Porter & 
Gawith, 1999, Table 3).  
 
Kosina et al. (2007) discussed major constraints to wheat 
production as perceived by wheat growers in 19 developing 
counties, including India, Bangladesh, Ethiopia, Sudan, and 
Zimbabwe.  Of respondents surveyed, 57% said they were 
constrained by heat.  
 
Adaptation to Heat Constraints 

 
 Avoid late planting: Much of the wheat grown in India is 
sown after the ideal planting time window because the 
wheat fields are only sown after the rice has been 
harvested.  
 Wheat varieties with natural heat resistance: Wheat 
varieties have differing abilities to withstand heat stress.  
Researchers have identified sources of alleles for heat 
tolerance, and have introduced them into breeding 
populations through both conventional methods and 
biotechnology (Ortiz et al., 2008). 
 

Field experiments have shown that each day of sowing delay 
leads to roughly 0.8-1.5% yield loss, mostly due to excessive 
heat near the end of the season (Lobell et al., 2012). Many 
researchers advocate zero-till management of wheat, which 
allows wheat to be sown as much as two to three weeks 
earlier than traditional methods. Adoption of this technique 
by some farmers, as well as technologies such as earlier 
maturing rice, led to wheat in India being sown an average of 
one week earlier in 2010 than in 2000 (Lobell et al., 2012).  
 
 
Environmental Impacts of Adapting to Heat 
 
 Additional land constraints: If new heat-resistant seed 

varieties are adopted that can grow in areas that were 
previously unsuitable for traditional varieties, this may 
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create new land constraints to convert land to wheat 
cultivation. 

 
Best practices for Alleviating Heat Constraints 
 
 Optimal planting time: improving management of 

planting in the rice-wheat crop system will allow for 
optimal timing of wheat planting (Lobell et al., 2012; 
Duveiller 2007).   

 Improve heat resistant wheat varieties: There is a call 
for new wheat varieties that are heat stress resistant, or 
that mature earlier with no yield penalties (Waddington 
2010). 

 
There is limited literature available that discusses heat 
constraints specific to SSA. 
 
Water Constraints 
 
Limited water availability, unpredictable rainfall, and 
drought are constraints to wheat production in both rain-fed 
and irrigated wheat systems (Waddington 2009). Irrigation is 
responsible for 87% of the world’s consumptive use of water 
and agriculture is in competition with urban and 
manufacturing needs (Passioura & Angus 2010).  
 
Water supplies in India are dwindling (Joshi 2007). Li et al 
(2011) surveyed over 300 informants in India who estimated 
yield losses to drought at around 10%, but that other water-
related constraints such as access and cost of irrigation or 
flooding of low-lying fields to be around 30%. 
 
Water constraints on wheat are exacerbated by high 
temperatures due to increased transpiration (Passioura & 
Angus 2010). Water stress further leads to soil borne 
pathogen susceptibility (Duveiller 2007). 
 
Adaptation to Water Constraints 
 
 Irrigation: Irrigation has been a common adaptation to 

water constraints in SA. 80% of wheat in India is grown 
under irrigation.  Of that, about a third is full irrigation 
and the remainder is partial.  

 Manage soil moisture retention: In Ethiopia where soil 
moisture is a constraint, two studies found that 
permanent raised beds reduced runoff, retained soil, and 
improved wheat yields (Araya et al. 2011; 
Gebreegziabher et al. 2009). Zero tillage in wheat-rice 
cropping systems in SA can also be used to retain 
moisture content (Joshi 2007).   

 
In Ethiopia the terwah planting system consisting of 
traditional plowing followed by making every 1.5–2 m contour 
furrows, and permanent raised beds with contour furrows at 
60–70 cm interval treatments were both shown to increase 
water utilization and soil conservation by reducing runoff 
with permanent beds performing better than terwah, which 
performed better than conventional plowing (Gebreegziabher 
et al 2009).  
 
Reeves et al. (2000) recommends that using zero-tillage on 
one ha of land in the rice-wheat cropping system of the Indo-
Gangetic Plains can save one million liters of irrigation water 
and 98 liters of diesel fuel, as well as reducing carbon dioxide 
emissions by 0.25 tons. 

 

Even where water is available through irrigation, drought can 
still a challenge because the cost of diesel to run the 
tubewell irrigation systems. For example, In India a 
significant gap exists between irrigation availability and use 
(EPAR brief No. 202). 
 
Environmental Impacts of Water Use Strategies 
 
 Soil salinization: Irrigation causes soil salinization, which 

in the long run make soil unfit. It also makes less water 
available for nonagricultural uses, depletes aquifers, and 
alters watersheds by changing streams and rivers (Clay 
2004).  

 Groundwater depletion: In SSA, many countries have yet 
to exploit groundwater resources and there is 
opportunity for irrigation expansion. However, if water 
use increases, groundwater depletion (extraction faster 
than the recharge rate of groundwater) may become a 
concern. In SA, groundwater depletion is already 
rampant in India (Wada et al., 2010), and expanding 
irrigation will likely be difficult given water demand 
(Tuong et al. 2004, Rjbersman 2006). 

 
Best Practices for Water Management 
 
 Improve soil water retention: Implement zero tillage, 

permanent raised beds (including terwah system), or 
fallowing to increase residual water accumulation. 

 Avoid late plating: In the context of the crop systems in 
India, Li et al. (2011) recommends sowing wheat earlier 
and when there is adequate moisture content in the soil. 

 
Soil Fertility Constraints 
 
In rice-wheat systems there has been a gradual degradation 
of soil fertility over the past several decades from planting 
rice and wheat on the same land, twice a year every year. 
Stagnating or declining yields in long-term experiments in 
South Asia have been tied to declining soil nutrient content, 
particularly potassium (K) but also including nitrogen (N), 
carbon (C), zinc (Zn), and phosphorus (P) (Ladha et al., 
2003). 
 
Loss of nutrients through erosion is cited as a constraint in 
Ethiopia due to the hilliness of the terrain (Aune et al. 2006). 
In fact, Ethiopia has one of the highest rates of soil nutrient 
depletion in SSA and more than half of the area in the Tigray 
highlands region is highly degraded (Di Falco et al. 2007). 
 
Adaptations to Soil Fertility Constraints 
 
 Return nutrients to the soil: Fertilizer use is low in SSA, 

with the exception of South Africa, which single-
handedly accounts for 38 percent of the fertilizer used in 
the region. Fertilizer use is significantly higher in SA. 
Wheat accounts for 20.5% (3.44 million metric tons) of 
total fertilizer use in India. Using manure as organic 
fertilizer is beneficial because it gradually releases 
nutrients back into the soil. 

 Retain soil nutrients: Zero tillage in wheat-rice cropping 
systems has been shown to retain nutrient content in the 
soil (Chatrath 2007). Crop rotation and fallowing can 
increase future wheat yields because it improves soil 
fertility and physical properties (Hobbs 1998).  
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 Intercropping: Intercropping with nitrogen fixing legumes 
can be beneficial to soil fertility (Clay 2004, Hobbs 1998, 
IRRI 2009). 

 
Numerous studies have been conducted to test the 
relationship between fertilizer levels and wheat yields. In an 
experiment in Bangladesh, Hossain et al. (2006) found that 
50, 100, and 150 kg of nitrogen resulted in yields of 2.98, 
3.47, and 3.70 MT/ha, respectively.  
 
Fertilizer use in India on irrigated wheat (144.9 kg/ha), which 
accounts for the majority of wheat production, is almost 
double that of rainfed wheat (75.9 kg/ha) (FAO 2005). India 
uses over 50 percent of its theoretical maximum (the amount 
at which additional fertilizer would bring no additional yield) 
(FAO 2004).  
 
Fertilizer management can make effective use of what is 
applied so that less fertilizer has to be used. Timing of 
fertilizer application is important because studies in 
Australia, China, and Pakistan found that later nitrogen 
fertilizer application led to increased uptake and yield (Hobbs 
1998). In Ethiopia, Haile et al. (2012) found that the timing of 
the nitrogen application had a significant effect on yield on 
improved wheat varieties. The highest yield was achieved 
when ¼ of the nitrogen was applied during planting, ½ at 
mid-tillering, and ¼ at anthesis (flowering). 
 
Using manure has benefits in addition to improving soil 
fertility because it increases water holding capacity and 
infiltration rate, provides biotic benefits such as antagonizing 
root diseases and generally improves the properties of soil as 
a growing medium.  However, in SA use of manure is in 
decline because of decreased animal supply because of 
increased tractor use, increased use of manure as a cooking 
fuel, and increased labor costs of moving heavy manure to 
fields (Hobbs 1998). 
 
Environmental Impacts of Soil Fertility Management 
 
 Surface water and groundwater contamination:  

Fertilizer causes subsurface contamination of aquifers 
(Clay 2004, Hobbs 1998). Waterways become polluted 
from agrochemical runoff with nitrogen, phosphorous, 
and silt. Algal blooms in unintended areas from fertilizer 
runoff deplete oxygen and kill aquatic life (Clay 2004).   

 Greenhouse gas emissions: Nitrous oxide, a potent 
greenhouse gas, is generated through use of manure or 
nitrogen fertilizer (Ortiz 2008).  

 
Best Practices for Soil Fertility Management 
 
 Fertilizer management: applying appropriate amounts at 

the right times.  
 Zero-tillage, crop rotations, or fallowing: decreases 

erosion and retains nutrients. 
 Intercropping: with nitrogen fixing legumes to retain 

nutrient content in the soil. 
 
Biotic Stress Constraints: Rusts, Weeds, and Pests 
 
Rusts and diseases are significant constraint to wheat 
production (Waddington 2010; Duveiller 2007). Rust and 
blotch diseases caused by Puccinia striiformis and P. 
triticina, Bipolaris sorokiniana are the most significant 
disease threats to wheat in India (Joshi 2007). Global 

migration has been shown to go from Africa through the 
Arabian Peninsula and then to Middle East, West Asia, and 
eventually to South Asia.  Yellow rust followed this path and 
Ug99 currently in Kenya and Uganda expected to follow this 
path and seen as imminent threat to South Asia with current 
susceptible wheat varieties. Fifty-five percent of survey 
respondents in 19 developing countries in Kosina, et al. 
(2007) said that their wheat production was constrained by 
weeds and diseases. 
 
Weeds decrease wheat yields through competition for 
nutrients, light, space and water. In Africa, unweeded 
conditions lead to crop losses for wheat of 50-80% (Gianessi 
et al., 2009). A survey in Ethiopia found that the weed 
population was 743 weeds per square meter, in comparison to 
only 149 wheat plants per square meter (Tanner & Sahile, 
1991). In the rice-wheat cropping systems of South Asia, the 
most dominant weed, known as littleseed canarygrass 
(Phalaris minor), can cause yield reductions of up to 95% 
(Chhokar & Sharma, 2008).  
 
Rodents are a major obstacle to wheat production in SSA. In a 
study in Ethiopia, higher levels of rodent damage were 
observed in the later development stages of the wheat crop, 
as well as in areas with a higher density of stone bunds (low-
lying stone walls) (Yonas et al., 2011). Farmers in Ethiopia 
have also identified rodents as the number one pre- and post-
harvest crop pests (Yonas et al., 2010).  
 
Loss of diverse wheat varieties can make wheat crops more 
vulnerable to biotic stresses. Cultivation of wheat varieties 
that are genetically similar leaves the crop more vulnerable 
to the spread of disease (Smale et al, 2008). 
 
Adaptations to Biotic Stress Constraints 
 
 Fungicides, herbicides, and pesticides: The quantities of 

pesticides used per hectare are not large for wheat 
compared to other crops, but the amount of land that 
wheat is grown globally has a significant aggregate effect 
(Clay 2004). 

 
Herbicide use among smallholder farmers in Sub-Saharan 
Africa is low, with an adoption rate of less than 5% (Gianessi 
& Williams, 2011). 
 
Environmental Impacts of Pest and Disease Management 
 
Use of fungicides, herbicides, and pesticides can lead to 
(Chatrath 2007): 
 Herbicide resistant weeds 
 Groundwater contamination 
 Endangered species 
 
In South Asia, reliance on herbicides has at times led to 
herbicide-resistant weeds, most notably in the early 1990s, 
when herbicide-resistant littleseed canarygrass (Phalaris 
minor) caused large-scale wheat crop devastation (Yadav & 
Malik, 2005).   
 
South Africa is one of the largest importers of pesticides in 
Africa. Quin et al (2011) estimates that there is not sufficient 
water in the country to dilute the amount of pesticides used 
to acceptable levels. There are 11 critically endangered avian 
species and 43 listed as vulnerable and pesticides have been 
detected in wild bird species.  As pesticides contaminate 
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various habitats, this causes concern for the impact of 
agricultural activities on vulnerable species. 
 
Best practices of Pest and Disease Management 
 

 Zero tillage: in wheat-rice cropping systems had 
been shown to reduce weeds (Joshi 2007).  

 Increase diversity of wheat varieties: diversify crops 
within and across growing seasons. 

 Crop rotation and fallowing: breaks up disease and 
insect pest cycles (Hobbs 1998). 

 
 
Post-production of Wheat 
 
Post-Harvest Losses  
 
Post-harvest losses at the farm level for wheat have been 
estimated at 3.28 kg/q and are highest during storage when 
temperature and moisture conditions allow fungal growth and 
insect infestation (Mathew 2011).  A study of less developed 
countries estimated the postharvest loss of wheat in east and 
southern Africa to be around 13% (Hodges 2011).  A study in 
Bangladesh found total post-harvest losses for wheat to be at 
3.62% [consisting of .77% for harvesting, .09% transporting, 
.65% for threshing, .62% for drying, and 1.54% for storage].  
(Bala et al 2010).   
 
Adaptations to Post-Harvest Losses 
 
While overall post-harvest losses are low, the greatest losses 
came from storage.  Bala et al (2010) attributes this to lack 
of awareness about extent of storage loss, poor storage 
structures, and presence of rodents, insects, and dampness. 
 
Environmental Impacts of Post-Harvest Losses 
 
Post-harvest losses carry the burden of all resources 
consumed in creating the harvest that was lost. Reducing the 
loss therefore reduces the unit weight or unit area 
environmental impact of the wheat harvest each year.   
 
Best Practices for Post-Harvest Losses 
 
 Secure metal storage: Studies have found that iron silos 

or sealed steel hoppers can prevent fungi and insect 
infestation (Tefera et al 2011, Mann et al 1999).   

 Alternative storage options: Dowell and Dowell (2012) 
discussed alternative low-cost storage solutions that are 
more accessible to smallholder farmers in developing 
countries such as using insecticide-treated bed nets or 
novel repellents, and creating modified atmospheres 
with carbon dioxide. 

 
Crop Residues Disposal 
 
In wheat-rice systems, the same land is used to grow two 
crops during the year.  When crop residue is left on the land, 
nutrients will return to the soil through decomposition. 
However, with short seasons and a quick turnaround between 
crops, there may not be enough time for crop residue to 
decompose naturally before the next crop has to be planted.   
 
Adaptations to handling Crop Residues 
 

 Crop residue burning: the most common practice to 
remove crop residue between crops (Clay 2004, Prasad et 
al 1999).  

 
Environmental Impacts of Crop Residue Burning 
 
 Air pollution and CO2 emissions: The Indian Agricultural 

Research Institute estimates that 2% of total agricultural 
greenhouse gas emissions in India are caused by on-field 
crop residue burning (2012). A study in Suqian, China 
found that about 2 million tons of carbon dioxide were 
released from burning rice-wheat crop system residue 
(Yang el al 2008).   

 
Best Practices for Crop Residue Management 
 
 Incorporate crop residues: crop residue incorporation is 

the preferred alternative to avoid environmental hazards 
of crop residue burning.   

 
In a study on rice-wheat systems in India, Prasad et al (1999) 
compared plots where crop residue was removed, burned, or 
incorporated with a plow. They found that wheat can be 
grown successfully immediately after the incorporation of 
rice residues without adversely affecting yields and that the 
practice gradually improves soil fertility for organic carbon, 
and available phosphorous and potassium.   
 
Transportation 
 
The wheat harvest must be transported great distances from 
farm to market and many countries such as Bangladesh are 
wheat-import reliant. In Ethiopia, the largest wheat producer 
in Africa, Amhara and Oromia regions produce 88% of wheat 
and then it must be transported to other regions for 
consumption, often hundreds of miles away.  (EPAR brief No. 
204). In India the average transportation distance for wheat is 
estimated at 250-1000 km for the upper and lower Indo-
Gangetic plains, respectively (Pathak 2012). Pathak et al 
(2012) quantified greenhouse gas emissions (CO2, CH4, and 
N2O) from the rice - wheat systems in the Indo-Gangetic 
plains and estimated that transportation to market accounted 
for 30-32% of greenhouse gas emissions of the wheat 
production life cycle. 
 

 
Climate Change 
 
Joshi, et al. (2007) noted heat stress as the greatest 
constraint in India and climate change will continue to 
increase heat stress. In India wheat yields were steadily 
increasing for about 30 years until the year 2000 due to heat 
stress from rising temperatures. The cool period to grow 
wheat in India is shrinking. Several decades ago, 
temperatures above 40 were rare before March 30, but now 
temperatures above 40 degrees C are occurring about one 
week earlier. One study on spring wheat found that each 
degree Celsius of temperature increase during the growing 
season was linked to a 6% decline in grain yield (Bender et 
al., 1999).  
 
 
Conclusions and Overall Best Practices 
 
Wheat is a significant crop that will need to increase 
production to meet increasing demand. Most land suitable for 
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wheat production is already under cultivation. Improved 
production methods are needed to address the demand and 
avert environmental impacts of producing wheat.  It should 
not be assumed that improved varieties alone will be able to 
realistically address growing demands for wheat. Improved 
variety seeds should be combined with best practices of 
improved crop management techniques: optimal planting 
time, zero tillage, fertilizer management, intercropping, crop 
residue incorporation, and improved storage techniques. 
 
 
Methodology 
This literature review was conducted using databases and 
search engines including University of Washington Library, 
Google Scholar, as well as the following websites: UNFAO, 
CIMMYT, IFPRI, and IRRI. Searches used combinations of the 
following terms: wheat, environmental impact, Sub-Saharan 
Africa, Ethiopia, Kenya, South Asia, India, heat, drought, soil, 
weed, fungicide, herbicide, insecticide, fertilizer, pest, 
insect, rodent, land expansion, biodiversity, zero tillage, 
losses, emissions. The methodology also included searching 
for sources that were identified as central works and 
examining relevant lists of works cited. This literature review 
draws upon over 50 cited sources, and relied on peer-
reviewed publications and data and publications from major 
international organizations, especially FAO. 
 
Please direct comments or questions about this research to 
Leigh Anderson and Mary Kay Gugerty, at 
eparx@u.washington.edu 
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