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SUMMARY
• Research has shown a negative response of corn yield to the 

accumulation of temperatures above 86 °F (30 °C).

• Heat stress during flowering can reduce yield by inhibiting 
successful pollination and by reducing net photosynthesis,
although negative effects on pollination are relatively rare.

• The greatest impact of extreme heat stress on corn likely 
comes through intensification of water stress rather than the 
direct effect of heat itself.

• Higher temperatures cause the transpiration rate of plants 
to increase, placing a greater demand on soil water supply 
and potentially accelerating the onset of drought stress.

• Corn plants respond to water stress by closing their 
stomata, which helps preserve water but also reduces the 
rate at which plants are able to take in CO2 needed for 
photosynthesis.

• Damage caused by extreme heat can be partially mitigated 
by irrigation or increased precipitation, but not eliminated.

• Future increases in the number of extreme heat days during 
the growing season could limit corn productivity.

HOW HOT IS TOO HOT FOR CORN?
Heat stress is defined as the rise in temperature beyond a 
threshold level for a period of time sufficient to cause 
irreversible damage to plant growth and development (Wahid 
et al., 2007). It is generally understood among corn growers 
that excessive heat can be detrimental to yield, but how hot is 
too hot, and what is the risk of yield losses due to excessive 
heat now and in the future?  

Multiple statistical studies have shown negative correlations 
between average seasonal temperature and corn yield (Lobell 
and Field, 2007; Sakurai et al., 2011; Tao et al., 2008). As 
average temperatures increase above a certain point, corn 
yields decrease. Further analysis of yield and weather data has 
found that the main driver of this negative association is the 
sensitivity of corn to temperatures above 86 °F (30 °C)
(Schlenker and Roberts, 2009). Researchers have begun using
the terms extreme degree days (EDD) or extreme heat degree 

days (HDD) to quantify the accumulation temperatures above 
this level (Lobell et al., 2013; Roberts et al., 2013). Corn yields 
tend to increase with temperature up to this threshold and 
then drop off sharply when temperatures exceed it.

Concerns regarding the direct effects of extreme heat on corn 
have often focused on reproductive success; specifically, the 
potential for high heat to desiccate silks and reduce pollen 
viability, negatively affecting pollination. However, in corn 
production areas of North America, it is relatively rare for 
temperatures to reach the threshold necessary to impact
pollination. And yet, studies have shown that high 
temperatures are having a negative impact on corn yields. 
This suggests other heat stress mechanisms are involved.

Increasing global temperatures mean that corn crops will 
likely experience more frequent heat stress in many areas, 
making it important to understand how high heat affects corn 
growth and yield.

HEAT STRESS EFFECTS ARE COMPLEX
Heat stress effects on corn are complex and often difficult to 
quantify. Heat stress is not just a function of temperature, but 
also depends on the duration and timing of high temperature, 
as well as the rate of temperature change (Wahid et al., 2007). 
Some forms of heat stress can create visual injury symptoms 
while other are more subtle.
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Heat stress is also often accompanied by drought, which can 
make it challenging to disentangle the individual impacts of 
temperature and water stress on corn growth and yield. 
Research has shown that the direct effect of heat stress is 
important, but the greater impact likely comes from the effect 
of heat on intensifying water stress. 

WARM DURING THE DAY, COOL AT NIGHT 
When examining the effects of temperature on corn yield, it 
is useful to consider the predominant conditions to which 
corn was adapted in its area of origin. The genetic lineage of 
corn can be traced back the Central Highlands of Mexico 
(Galinat, 1988), specifically the Tehuacán Valley and Balsas 
River Valley. Summer climate in this region is characterized 
by relatively mild daytime high temperatures, cool nights, and 
abundant sunshine. Average summer temperatures in much 
of the Corn Belt are commonly warmer during the day and 
much warmer during the night than those to which corn was 
originally adapted in its native region (Figure 1).  

 

Figure 1. Average daily high and low temperatures for 
Tehuacán, Puebla, in the Central Highlands of Mexico near 
where corn was first cultivated, and for Des Moines, IA, in 
the heart of the modern U.S. Corn Belt.  

DIRECT HEAT STRESS EFFECTS ON CORN 
Kernel Set is Critical 

Corn yield reduction from heat stress can be associated with 
reductions in both source and sink capacity. Impact on yield 
depends on the growth stage of the corn at the time stress 
occurs. The most critical period for corn yield determination 
is the roughly 4- to 5-week window bracketing silking when 
kernel number is set. Approximately 85% of total grain yield 
is related to the total number of kernels produced per acre 
(Otegui et al., 1995). Any stress during this time that reduces 
the number of kernels a plant is able to set will negatively 
impact yield. Even if the stress is temporary and the plant 
recovers, the damage to yield will be done.  

Heat stress during this timeframe can reduce yield in a couple 
of ways: by inhibiting successful pollination and by reducing 
net photosynthesis, which can lead to an increase in kernel 
abortion. Both mechanisms can reduce the number of kernels 
on the ear. Heat stress can continue to impact yield through 
grain fill by reducing kernel weight, much like any other form 
of stress that inhibits photosynthetic carbon assimilation. 
Stalk quality can also be impacted if the stress forces the plant 

to increase its reliance on remobilized carbohydrates to 
complete grain fill.   

Heat Stress Effects on Pollination    

Temperatures above 90 °F (32 °C) have the potential to 
negatively impact pollination. Prolonged exposure to temper-
atures above 90 °F (32 °C) has been shown to dramatically 
reduce pollen germination (Herrero and Johnson, 1980). 
Temperatures above 95 °F (35 °C) depresses pollen product-
ion and can desiccate exposed silks, especially when accom-
panied by low relative humidity (Hoegemeyer, 2011). High 
temperatures and low humidity can similarly desiccate pollen 
grains once they are released from the anthers. Temperatures 
over 100 °F (38 °C) can kill pollen (Nielsen, 2020). 

 

Corn tassel branches 
showing anthers extruded. 

Peak pollen shed usually 
occurs in mid-morning. A 
second period of pollen 
can occur in late afternoon 
or evening as temperatures 
cool.  

Under cool, cloudy 
conditions, pollen shed 
may continue throughout 
most of the day. 

However, research suggests that yield loss due to heat stress 
effects on pollination is relatively rare in North America 
(Lobell et al., 2013). Daily maximum temperatures in the 
Corn Belt commonly reach the mid or upper 90s but 
pollination is usually not severely affected. Pollen shed 
typically occurs during early to mid-morning hours before 
temperatures climb to potentially harmful levels. The daily 
high temperature would likely need to reach well above 100 
°F for temperatures to reach dangerous levels during mid-
morning when most pollen shed occurs. For example, July 25, 
2012 was the hottest day of a notoriously hot summer in 
central Iowa. Maximum temperature in Des Moines hit 106 
°F (41 °C) at 5:00 pm, but temperatures between 9:00 and 
10:00 am were only 90-95 °F (30-35 °C), just barely reaching 
the threshold for pollen and silk desiccation (Figure 2). 
Furthermore, pollination occurs over a period of several days, 
providing multiple opportunities for viable pollen to reach 
exposed silks. 

 

Figure 2. Temperature over the course of the day on July 25, 
2012 showing timing of peak pollination and maximum daily 
temperature. 
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Leaf Temperature vs. Air Temperature

Temperature effects on crop physiology are often 
characterized based on ambient air temperature; 
however, the temperature that photosynthesizing cells 
inside corn leaves actually experience can differ 
somewhat from that of the surrounding air. Leaves often 
have a lower temperature than the air around them
because the evaporation of 
water transpired through 
the leaves cools them. The 
drier the air, the cooler the 
leaf of a well-watered plant 
will be compared to the 
surrounding air.

This cooling effect is 
illustrated by comparing 
the surface temperatures of 
living leaf tissue vs. dead 
leaf tissue shown in Figure 
3. The temperatures of a 
live and dead leaf adjacent 
to each other in the upper 
canopy of a corn field 
differed by more than 7 °F.  
The temperature of the 
living leaf was 94.4 °F (34 
°C), a few degrees above 
the ambient air temper-
ature of 91 °F (33 °C), 
while the dead leaf was 
well-above ambient temp-
erature at 102 °F (39 °C).

Temperature can also vary 
depending on the level of 
sun exposure and the 
position of the leaf relative 
to the angle of the 
incoming sunlight. Figure 
4 shows a partially shaded 
leaf in the corn canopy, 
with the shading from 
other leaves creating a 
banded appearance in the 
infrared imagery. The 
temperature of a shaded 
portion of the leaf was 87.3 
°F (31 °C), a few degrees 
below air temperature, while a portion of the leaf a few 
inches away exposed to direct sunlight was over 7 °F 
hotter. Shaded and exposed areas will shift over the 
course of the day, so a given spot on a leaf may experience 
a range of different temperatures even if the surrounding 
air temperature is relatively constant.   

Heat Stress Effects on Photosynthesis

Heat stress can also impact corn yield through reduced net 
photosynthesis. Decreased net photosynthesis can cause large 
reductions in yield if it occurs during the critical period for 
kernel number determination. When stress occurs during this 
interval, the corn plant typically starts to abort kernels at the 

tip of the ear and moves toward the base of the ear until it 
reaches a point that the remaining viable kernels can be 
sustained by the plant.

Temperature dependent biological reactions, such as 
photosynthesis and respiration, generally have an optimum 
temperature (Topt) for operation (Figure 5). Photosynthesis 
and respiration are slow at cooler temperatures, increase as 
the temperature increases, and decline and eventually cease 
when the temperature gets too high. The optimum 
temperature for respiration is greater than that for 
photosynthesis. Net photosynthesis is a measure of carbon 
assimilated through photosynthesis (sugar produced) minus 
carbon expended through respiration (sugar consumed). Net 
photosynthesis has a Topt lower than that of gross 
photosynthesis due to the offsetting effect of the higher 
respiration rate (Figure 5).

Figure 5. Generalized model of temperature effects on rates 
of gross photosynthesis, respiration, and net photosynthesis.
Net photosynthesis in corn is optimized at 86 °F. (Figure 
adapted from Hopkins, 1999)

Plant species with the C4 photosynthetic pathway such as 
corn generally have a higher optimum temperature for 
photosynthesis than C3 plants. In C3 plants, net 
photosynthesis is reduced at higher temperatures due to an 
increase in photorespiration caused by higher oxygenase 
activity of ribulose-1,5-bisphosphate carboxylase-oxygenase, 
(rubisco), an enzyme involved in the first major step of
photosynthetic carbon fixation. As temperature increases, the 
ratio of dissolved O2/CO2 and the specificity of rubisco for O2

increase, favoring oxygenase activity. C4 plants possess a 
mechanism to eliminate this inefficiency by locally increasing
the concentration of CO2 available to rubisco enzymes and, 
as such, are not constrained by temperature in the same way. 

Reduced net photosynthesis in corn under heat stress has also 
been shown to be associated with rubisco activity, but it is due 
to the inactivation of the enzyme at high temperatures. A 
daytime temperature of 86 °F (30 °C) is ideal for corn growth 
(Miedema et al., 1987). At temperatures above this level, net 
photosynthesis declines due to the loss of rubisco activation 
(Crafts-Brandner and Salvucci, 2002).

The degree to which net photosynthesis is reduced at high 
temperatures can depend on how quickly temperature 

Figure 3. A live leaf and a 
dead leaf in the upper 
canopy. The surface temp-
erature of the live leaf is 94 
°F (34 °C), while the 
temperature of the dead 
leaf is 102 °F (39 °C).

Figure 4. Leaf tempera-
ture differences due to 
partial shading in the 
canopy. A shaded 
portion of the leaf is 87 
°F (31 °C), while a sunlit 
portion only a few 
inches away is nearly 95 
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increases. The faster the increase, the greater the reduction in 
photosynthesis. Crafts-Brandner and Salvucci (2002) found 
that a rapid increase to 113 °F (45 °C) reduced net 
photosynthesis by 95%, but a gradual increase to the same 
level reduced it by only 50%.    

The level of solar radiation has also been shown play a role in 
heat stress effects on corn by influencing the optimum 
temperature for net photosynthesis. Under light-limited 
conditions, the optimum temperature shifts lower due to the 
fact that respiration continues to increase with higher 
temperatures, whereas gross photosynthesis does not increase 
due to light limitation (Rainguez, 1979).  

 

Figure 6. Key temperature thresholds for heat stress effects on 
corn pollination and growth. 
1 Crafts-Brandner and Salvucci (2002), 2 Nielsen (2020), 3 Hoegemeyer 
(2011), 4 Waqas et al. (2021), 5 Miedema et al. (1987). 

HEAT AND WATER STRESS 
High temperatures can impact corn yield directly, by reducing 
pollination and net photosynthesis, but field research and 
crop modeling studies indicate that a greater impact likely 
comes through the interaction of heat and water stress. Higher 
temperatures create a higher vapor pressure deficit (VPD) 
between the saturated leaf interior and the ambient air. This 
causes the transpiration rate of plants to increase, placing a 
greater demand on soil water supply and potentially 
accelerating the onset of drought stress. 

What is Vapor Pressure Deficit? 

Vapor pressure deficit (VPD) is the difference between how 
much water the air can hold when it is saturated and how 
much water it currently holds. It combines relative humidity 
(RH) and temperature into a single variable to describe the 
evaporative potential of the atmosphere. Air space in the 
interior of living plant tissue is essentially fully saturated with 
water (100% RH). Water vapor will tend to move from an 
area of higher concentration to an area of lower 
concentration, so if the ambient air is less than 100% 
humidity, it will pull water out of plant leaves, driving 
transpiration of water through the plant. 

The greater the vapor pressure deficit between the leaf interior 
and the surrounding air, the faster the rate at which water will 
be pulled out of the plant and evaporated. Temperature is 
important to this equation because VPD increases 
exponentially with increasing temperature, even if RH stays 
constant. For example, if the RH of ambient air is 30%, the 
vapor pressure deficit will be much greater at 100 °F (38 °C) 
than at 77 °F (25 °C) (Figure 7), creating a much higher 
evaporative demand at the higher temperature.  

 

Figure 7. Vapor pressure for water by relative humidity and 
temperature.  

Sunscald in Corn 

Heat and water stress can result in visible injury to corn 
in the form of sunscald. This occurs when the increase in 
evaporative demand 
exceeds the plant’s ability 
to respond. The plant is 
unable to transpire water 
rapidly enough to cool 
heat-stressed leaf tissue, 
causing leaf tissue to die. 
Younger leaves and 
leaves with direct 
orientation to the sun are 
typically most affected. 

  

 Corn canopy with severe sunscald injury.  

 

Corn Response to High Vapor Pressure Deficit 

Corn plants respond to higher VPD by closing their stomata, 
which helps preserve water for periods when evaporative 
demand is lower. However, reduced stomatal conductance 
also reduces the rate at which plants are able to take in CO2, 
which lowers the rate of photosynthetic carbon fixation 
during high-VPD portions of the day.  
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Figure 8. Air temperature, atmospheric vapor pressure 
deficit, and leaf photosynthetic rate in irrigated corn over the 
course of a day (Hirasawa and Hsiao, 1999). 

Field experiments conducted in an environment in which 
temperatures reached daily highs in the mid-90s showed 
reduced photosynthesis and growth of corn associated with 
high VPD (Hirasawa and Hsiao, 1999). On days with high 
atmospheric VPD, photosynthetic rate and stomatal 
conductance peaked during late-morning and then declined 
throughout the afternoon as temperature and VPD continued 
to climb (Figure 8). Even in irrigated plots where soil water 
was ample, this afternoon depression in photosynthetic rate 
was apparent, although decline was much greater in non-
irrigated plots (Figure 9). 

 

Figure 9. Leaf photosynthetic rate by time of day for irrigated 
and non-irrigated corn (Hirasawa and Hsiao, 1999). 

Extreme Temperatures Drive VPD  

A recent analysis showed a strong correlation between VPD 
and EDD accumulation in rainfed corn production in the 
U.S. Corn Belt (Roberts et al., 2013). Extreme heat 
contributes to water stress in two ways: by increasing demand 
for soil water to sustain carbon assimilation, and by depleting 
water from the soil, thus reducing future water supply. The 
increased water demand under extreme heat is substantial – 
raising temperature from 80 °F to 95 °F (27 °C to 35 °C) 

causes water demand to double (Lobell et al., 2013). Research 
indicates that the  damage caused by extreme heat can be 
partially mitigated by increased precipitation, but not 
completely eliminated (Roberts et al., 2013).  

Lobell et al. (2013) compared the water stress effect caused by 
a 20% reduction in precipitation over month-long period with 
that caused by a 2 °C increase in temperature over the same 
time period and found that increased temperature had a 
greater impact on water stress than reduced precipitation. 
Total seasonal rainfall was found to have a relatively weak 
relationship with corn yield, indicating that water demand 
can matter as much or more than water supply.  

High Winds Can Make Heat and Water Stress Worse 

Wind can exacerbate heat stress by increasing the VPD 
between the leaves and the air immediately surrounding 
them. When water is evaporated from plant leaves, the air 
above the surface gradually becomes more saturated with 
water vapor. If winds are low, this layer of saturated air stays 
in place around the crop canopy, causing the 
evapotranspiration rate to decrease. When winds are high, 
this layer of saturated air is constantly being removed and 
replaced with drier air (Allen et al., 1998).  

The higher the relative humidity, the less wind speed will 
matter, as the wind will only be able to replace the saturated 
air with slightly less saturated air. Under arid conditions 
though, small variations in wind speed may result in larger 
variations in VPD and evapotranspiration rate.  

The impact of wind can be seen in the “field edge effect” in 
corn, where corn burns up and yields less along an edge of the 
field exposed to wind, commonly on the western or southern 
side (Figure 10). This phenomenon is commonly observed in 
hot and dry summers. The more severe stress along the field 
edge is likely due to the fact that the air is driest when it 
encounters the leading edge of field and picks up moisture as 
it moves across the crop canopy (White and Licht, 2020; 
Westgate and Vittetoe, 2017). Consequently, the effect of 
wind on VPD is greatest for plants near the field edge and 
lower for plants in the rest of the field. 

 

Figure 10. Sequence of Vegetation Index maps showing 
progression of crop damage along the southern edge of a corn 
field from June 10 to September 1, 2017. 

 



 

6  

IMPACT OF RISING TEMPERATURES 
Research has shown that extreme heat can and does 
negatively affect corn yield, and that the greater impact likely 
comes through intensification of water stress rather than the 
direct effect of heat itself. Yields of rainfed corn show a clear 
negative response to the accumulation of temperatures above 
86 °F (30 °C). An increase in the number of days during the 
growing season that surpass this threshold could constrain 
future gains in corn productivity. 

Outside of North America, nearly every major crop 
production area of the world is already experiencing a greater 
frequency of extreme heat during the growing season, with 
global corn yields estimated to be 3.8% lower than they would 
be without recent warming trends (Lobell et al., 2011). Corn-
producing areas of the U.S. and Canada have been relatively 
unaffected so far, as summer temperatures have not increased 
to the degree that they have elsewhere (Angel et al., 2018). 
This anomaly has even been given a name – the U.S. 
“warming hole” – because of the distinct lack of summer 
warming compared to most of the rest of the world (Partridge 
et al., 2018). Annual average temperatures in this area have 
increased, but mostly due to warmer winters and higher night 
temperatures. Extreme summer heat has stayed steady or 
declined in much of this area. 

This reprieve from rising summer temperatures is not 
expected to last indefinitely, however. Summer temperatures 
are projected to increase more in the Midwest than any other 
region of the United States by mid-century (Vose et al., 2017). 
Extreme heat is therefore likely to become a more frequent 
and more severe constraint on corn yields in North America, 
much as it already is in most other crop-producing regions. 

REFERENCES 
Allen, R.G., L.S. Pereira, D. Raes, and M. Smith. 1998. Crop 

evapotranspiration - Guidelines for computing crop water requirements. 
FAO Irrigation and Drainage Paper 56. Food and Agriculture 
Organization of the United Nations. http://www.fao.org/3/ 
x0490e/x0490e00.htm#Contents 

Angel, J., C. Swanston, B.M. Boustead, K.C. Conlon, K.R. Hall, J.L. 
Jorns, K.E. Kunkel, M.C. Lemos, B. Lofgren, T.A. Ontl, J. Posey, K. 
Stone, G. Takle, and D. Todey. 2018. Midwest. In Impacts, Risks, and 
Adaptation in the United States: Fourth National Climate Assessment, Volume II 
[Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. 
Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. U.S. Global Change 
Research Program, Washington, DC, USA, pp. 872–940. doi: 
10.7930/NCA4.2018.CH21 

Crafts-Brandner, S.J. and M.E. Salvucci. 2002 Sensitivity of 
Photosynthesis in a C4 Plant, Maize, to Heat Stress. Plant Physiol. 129: 
1773-1780. 

Galinat, W.C. 1988. The origin of corn. Pp 1-31 in Corn and Corn 
Improvement, Volume 18, Third Edition. G.F. Sprague and J.W. 
Dudley, eds. ASA-CSSA-SSSA Publishers. Madison, Wisconsin, USA. 

Herrero, M.P., and R.R. Johnson. 1980. High temperature stress and 
pollen viability of maize. Crop Sci. 20:796-800. 

Hirasawa, T. and T.C. Hsiao. 1999. Some characteristics of reduced leaf 
photosynthesis at midday in maize growing in the field. Field Crops 
Research 62:53-62 

Hoegemeyer, T. 2011. How Extended High Heat Disrupts Corn 
Pollination. Cropwatch. University of Nebraska-Lincoln. Lincoln, NE. 
https://cropwatch.unl.edu/how-extended-high-heat-disrupts-corn-
pollination-0 

Hopkins, W.G. 1999. Introduction to plant physiology, Second Edition. 
John Wiley & Sons, New York. 

Hussain, T., I.A. Khan, M.A. Malik, and Z. Ali. 2006. Breeding potential 
for high temperature tolerance in corn (Zea mays L.). Pak. J. Bot. 38, 
1185. 

Lobell, D.B., and C.B. Field. 2007. Global scale climate–crop yield 
relationships and the impacts of recent warming. Environ. Res. Lett. 2, 
004000. 

Lobell, D.B., W. Schlenker, and J. Costa-Roberts. 2011. Climate Trends 
and Global Crop Production Since 1980. Science. 333:616-620. 

Lobell, D.B., G.L. Hammer, G. McLean, C. Messina, M.J. Roberts, and 
W. Schlenker. 2013. The critical role of extreme heat for maize production 
in the United States. Nature Climate Change 3:497-501. 

Nielsen, R.L. 2020. Tassel Emergence & Pollen Shed. Corny News 
Network. Purdue University Extension. West Lafayette, IN. 
https://www.agry.purdue.edu/ext/corn/news/timeless/Tassels.html 

Otegui, M.E., M.G. Nicolini, R.A. Ruiz, and P.A. Dodds. 1995. Sowing 
date effects on grain yield components of different maize genotypes. 
Agron. J. 87:29-33. 

Partridge, T.F., J.M. Winter, E.C. Osterberg, D.W. Hyndman, A.D. 
Kendall, and F.J. Magilligan. 2018. Spatially Distinct Seasonal Patterns 
and Forcings of the U.S. Warming Hole. Geophysical Research Letters 
45:2055-2063. 

Rainguez M. 1979. Croissance et activite photosynthetique mesuree en 
continue de deux hybrids simples de mais: action d'une temperature 
fraiche appliquee au stade jeune. Thesis, Paris, CNRS, Gif-sur-Yvette, 
France. 

Roberts, M.J., W. Schlenker, and J. Eyer. 2013. Agronomic weather 
measures in econometric models of crop yield with implications for 
climate change. Am. J. Agricult. Econom. 95:236-243. 

Sakurai, G., T. Iizumi, and M. Yokozawa. 2011. Varying temporal and 
spatial effects of climate on maize and soybean affect yield prediction. 
Clim. Res. 49:143-154. 

Schlenker, W., and M.J. Roberts. 2009. Nonlinear temperature effects 
indicate severe damages to U.S. crop yields under climate change. Proc. 
Nat. Acad. Sci. 106:15594-15598. 

Tao, F., M. Yokozawa, J. Liu, and Z. Zhang. 2008. Climate–crop yield 
relationships at provincial scales in China and the impacts of recent 
climate trends. Clim. Res. 38:83-94. 

Vose, R.S., D.R. Easterling, K.E. Kunkel, A.N. LeGrande, and M.F. 
Wehner. 2017. Temperature changes in the United States. In: Climate 
Science Special Report: Fourth National Climate Assessment, Volume I 
[Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, D.J. Dokken, B.C. Stewart, 
and T.K. Maycock (eds.)]. U.S. Global Change Research Program, 
Washington, DC, USA, pp. 185-206, doi: 10.7930/J0N29V45. 

Wahid, A., S. Gelani, M. Ashraf, and M.R. Foolad. 2007. Heat tolerance 
in plants: an overview. Environ. Exp. Bot. 61, 199–223 

Waqas, M.A., X. Wang, S.A. Zafar, M.A. Noor, H.A. Hussain, M. Azher 
Nawaz, M. Farooq. 2021. Thermal Stresses in Maize: Effects and 
Management Strategies. Plants 10, 293. 

Westgate, M. and R. Vittetoe. 2017. Addressing the Edge or Border Effect 
on Corn Yields. Integrated Crop Management. Iowa State University 
Extension and Outreach. Ames, Iowa. https://crops.extension.iastate. 
edu/blog/mark-westgate-rebecca-vittetoe/addressing-edge-or-border-
effect-corn-yields 

White, T. and M. Licht. 2020. Corn edge effect on-farm project. Integrated 
Crop Management. Iowa State University Extension and Outreach. 
Ames, Iowa. https://crops.extension.iastate.edu/blog/mark-licht-tyler-
white/corn-edge-effect-farm-project 

 

The foregoing is provided for informational use only. Please contact your 
Pioneer sales professional for information and suggestions specific to your 
operation. Product performance is variable and depends on many factors 
such as moisture and heat stress, soil type, management practices and 
environmental stress as well as disease and pest pressures. Individual results 
may vary. CI210926 

September 2021 




