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ABSTRACT
The United States is the leading producer of pecans worldwide, and Georgia is the

leading production state within the United States. Over the years, pecan (Carya illinoinensis)
trees have experienced higher density plantings which enhances the need for better water use
efficiency to increase the sustainability of the orchard. As tree nut crops, such as pecans, face
challenges related to water use efficiency and environmental sustainability, it is essential to
develop practices that optimize resource use while maintaining high-quality yields. Hedge
pruning, a technique that reduces tree canopy size, is increasingly adopted in pecan orchards to
improve water efficiency, enhance light penetration, and manage tree growth. Additionally, hedge
pruning enables more efficient water use in the humid climate of the southeastern United States.
The objectives of this study were to determine if irrigation rates can be reduced on hedge-pruned
pecan trees with no loss in pecan yield or nut quality. The study is a split-plot design with pruning
serving as the main plot effect and irrigation serving as the split plot effect. On hedge-pruned
trees, all growth beyond 8’ from the trunk on the east side of the tree was pruned in year 1 and on
the west side of the tree in year 2. Trees were topped on each side in their respective years at an

angle with a peak at 40’. No pruning was done in year 3. Hedging treatments are arranged in



three tree blocks with each irrigation treatment occurring once per block as follows: 1) Full
irrigation; 2) Reduced irrigation; 3) Non-irrigated control. Hedged blocks were replicated four
times, and the non-hedged blocks were replicated three times. Hedge pruning did not significantly
affect water stress in the current study, although it did reduce yield in the initial years due to the
removal of fruiting wood. However, by the third year, yield differences between hedged and non-
hedged trees were minimal. Additionally, hedge pruning increased percent kernel and leaf area in
pruned trees, highlighting its potential for improving nut quality. Furthermore, the reduced
irrigation rate did not negatively affect yield or nut quality on hedged nor on non-hedged trees,
suggesting that irrigation rates could be safely reduced by 34% from April-July, offering a
sustainable approach to water conservation without compromising production. These findings
underscore the potential for hedge pruning and irrigation adjustments to enhance pecan orchard

management and sustainability in the southeastern U.S.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

Sustainable agriculture is defined by United States Department of Agriculture (USDA) as
an “integrated system of plant and animal production practices having a site specific application
that will, over the long term: (a) satisfy human food and fiber needs; (b) enhance environmental
quality; (c) make efficient use of non-renewable resources and on-farm resources and integrate
appropriate natural biological cycles and controls; (d) sustain the economic viability of farm
operations; and (e) enhance the quality of life for farmers and society as a whole.” To meet
demands from consumers and continue improving production agriculture methods for the present
and future, sustainability must be improved. Hedge pruning of pecan orchards has the potential

to improve water use efficiency and orchard management techniques.

The United States (U.S.) is the second largest producer of tree nuts worldwide.
Commercial production of almonds, walnuts, pistachios, pecans, macadamias, and hazelnuts
occurs primarily in the western United States (Asci, 2021). Tree nuts produced in the U.S. are
typically exported to foreign countries, but there is a growing demand for trees nuts from
domestic consumers. However, the expansion of U.S. tree nut production sustainability is
challenged by environmental and water shortages issues (Asci, 2021).

Pecan trees (Carya illinoinensis) are native to North America with a natural range from as
far north as Clinton, lowa, southward along the Mississippi River and southwest to Oaxaca,
Mexico (Wells, 2017). In 2023 the U.S. pecan crop was valued at 500 million dollars (USDA,
2024). Regarding world production, the United States and Mexico are the largest pecan
producers, responsible for supplying nearly 300 million pounds each. The pecan industry began
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in the early 1900s with low land values in the southeastern states and inflated reports of pecan
production compared to cotton which led to investments in pecan orchards. Currently, the U.S.

has 409,000 bearing pecan acres producing 278 million pounds of pecans (NASS, 2022).

Trade disruptions between the United States, China, and pecan importation from Mexico
have led to significant pecan market fluctuation in recent years (Silva et al., 2024). Exports and
imports are important for U.S. pecan producers due to the historical stagnation of domestic use
and demand (Capps et al., 2019). Since 1980, there has been increased demands to numerous
countries with the greatest increase occurring in Asia from 2009-2018 (Wells, 2014 and USDA
ERS, 2024). The export market to China, Vietnam, and Hong Kong from 1980°s to mid-2000’s
was consistently minimal, but in 2009 there was a steep increase in export which continued to
grow until 2018 when Chinese tariffs were increased causing a sudden reduction in exports from
76.8 million pounds to 16 million pounds within 1 year (Capps and Williams, 2019). Hong Kong
has been the largest export market due to shipment of pecans going to China and Vietnam
(Capps and Williams, 2019). The price of nuts (in-shell) rose from 98.5 cents per pound in the
1990’s to average of 206 cents per pound between 2009-2018 in the U.S. (Capps and Williams,
2019). These trade issues led to an increase in pecan planting after 2010. In 2014, there was
double the amount planted compared to 2010 which allowed Georgia’s pecan acreage to
continue to grow until 2018 (Wells, 2014; Fronza et al., 2018; Slade and Wells, 2022). The cost
of pecan production rose to $1,400 per acre in 2022 from $850 per acre in 2002, but grower
prices for pecans rose less than 30 cents per pound during the same period, with the exception of
2009-2018 (Fonsah et al., 2023). This led to more densely populated pecan orchards in Georgia

(Wells 2014), as growers attempted to maximize production per acre.



The state of Georgia accounts for nearly 1/3 of United States production (NASS, 2022).
Georgia is the leading state in pecan production with 147,000 bearing acres in 2022 producing
88-92 million pounds of pecans (USDA, 2024). The pecan crop in Georgia was valued at 212.6
million dollars in 2022, making it a vital horticultural crop to Georgia’s agricultural economy
(USDA, 2024). Georgia’s pecan acreage continued to grow due to elevated prices in comparison
to timber until 2018 (Wells and Sawyer, 2022).

The southeastern and southwestern portions of the United States have different climates
which impact pecan production in a variety of ways. The climate in the southeastern U.S. is
characterized by high humidity, high average rainfall, and warmer temperatures. The climatic
factors of southern Georgia where pecan production is prevalent impact cultural management
practices and overall pecan production (Thompson and Conner, 2011). This region consists of
hot summers and an annual rainfall average of 127 cm or more (Sammis et al., 2004). Pecan
scab, a disease caused by Venturia effusua, is the most detrimental disease of pecan production
in the southeastern U.S. due to the humid, warm climatic conditions in summer (Bock et al.,
2016). Pecan scab is prevalent in the southeastern U.S. due to susceptible varieties grown in
orchards along with an increase in fungicide resistance, which makes management more difficult
(Slade and Wells, 2022). Scab not only reduces yields, but the stress on the tree can induce
alternate bearing cycles which affect production (Bock et al., 2016). Pecan scab can be a major
limiting factor to production because of the deterioration of the quality of the crop if proper
management techniques of the orchard are not implemented to reduce prevalence of the disease.

Although Georgia receives high annual rainfall, the consistency and timing of rainfall
does not align with the growing season of pecans to be a solely sufficient water source. Despite

the high humidity and rainfall, the warmer temperatures benefit pecan production. An average of



555 hours of temperatures above 65 degrees Fahrenheit are required for pecan production (Wells,
2015). The growing season requires warm temperatures while the process of budbreak requires
between 300-1000 chilling hours, depending on pecan variety (Wells, 2015). Overall, the climate
is ideal for pecan production if proper cultural management strategies are implemented to allow
growers to minimize inputs while maintaining high yields.

The agriculture sector is a major consumer of ground and surface water to support crop
production. Tree nut crops like almonds, walnuts, pistachios, and pecans are classified as fruiting
deciduous trees, and their morphological anatomy requires certain amounts of water for adequate
growth and production (Ibraimo, 2018). Although tree nuts are a healthy source of food, tree nuts
have a high-water requirement, which leads to concerns over water sustainability and the
implementation of new production methods (Vanham et al., 2020). Pecan trees may require
greater water use than many agronomic row crops, so a thorough understanding of water use in a
given growing environment is crucial (Andales et al., 2006). Irrigation is one of the crucial
factors in pecan production because it directly affects yield, nut size, and nut quality, but a
common issue among the industry is improper management of irrigation frequencies and
scheduling (Stein et al., 1989). Rainfall is variable in the southeastern U.S. and the region
frequently suffers dry periods in spring, summer, and fall, therefore evaporation can exceed
rainfall received during those months which are crucial periods for nut set, nut growth, and nut
development (Worley, 1982). Because pecans are prone to alternate bearing like many other fruit
trees, adequate amounts of water are needed to produce the crop and reduce stress on the trees
(Conner and Worley, 2000). In addition to water being essential for pecan crop production, the
importance of irrigation methods and scheduling are crucial for growers to reduce inputs,

conserve limited water resources, and maintain consistent production (Garrot et al., 1993).



Irrigation practices and the appropriate timing of water availability determine pecan yield
and quality (Stein et al., 1989). Water stress can be detrimental to a pecan crop's yield and
quality, but pecan's physiological development throughout a growing season impacts the trees’
water demand. The early portion of the season in late spring and early summer creates less
demand for water than that for nut development and kernel filling from mid-June through
September in the southeastern United States (Sammis et al., 2013). If there is inadequate water
during the nut sizing and kernel filling stages, the nuts will not develop in size and kernels will
not develop properly (Wells, 2015). Shuck splitting can also be delayed and an increase in
embryo rot and vivipary can occur due to lack of water after kernel filling or if weather
conditions turn dry prior to shuck split with a heavy crop load on the trees (Stein et al., 1989;
Wells, 2023). In response, irrigation techniques for pecans have evolved to meet demands while
becoming more efficient. Irrigation requirements vary by growing region due to climate and soil
texture differences that affect the soil’s water holding capacity and need for water throughout the
growing season (Carroll & Smith, 2017). A common method of irrigation in arid regions of the
U.S. is basin flood irrigation which rapidly provides fields and orchards with water. Although
flood irrigation enhances soil moisture quickly, it also creates runoff, leaches nutrients from the
soil, and leads to increased evapotranspiration, but the advancements of laser leveling in arid
orchard systems has enhanced the efficiency of flood irrigation (Miyamoto et al., 1995).

Irrigation is required to produce crops in arid regions of the western United States.
However, in the southeastern United States rainfall can account for a significant portion of the
crop’s water requirement and irrigation is therefore designed to be supplemental to rainfall
(USDA, 2024). The overall concept of agricultural water use is a controversial issue throughout

the U.S., including southern Georgia where pecan production is predominant. The need for better



agricultural water application is vital to ensure there is enough water to support the needs of
population, industry, and production agriculture. The amount of water needed varies depending
on the crop and geographic location of production.

Although Georgia has an estimated 127 cm of rainfall each year, pecan trees may
undergo water stress during intermittent droughts typically in August and September (Wells,
2015). Climatic changes have a significant impact on the growth and productivity of trees, and
weather events such as heavy precipitation, summer droughts, and heat waves continue to
increase tree stress (Sangines de Carcer et al., 2017). The vapor pressure deficit (VPD) is a
measure of the difference between the amount of moisture the air can hold when fully saturated
and the amount of moisture present in the air at a given time. The sensitivity of stomatal
conductance in relation to vapor pressure deficit leads to diverse responses in growth, and
numerous studies have been conducted describing how stomata react to VPD (Sangines de
Carcer et al., 2017).

Previous studies have indicated that stomatal closure occurs when there is a high VPD
and stomatal opening occurs when there is a low VPD, and environmental factors such as
temperature, water, and moisture availability impact VPD (Brodribb & McAdam, 2011; Mott &
Peak, 2013; Sellin, 2001; McAdam & Brodribb, 2015). When VPD is elevated, the tree will
experience more water stress than when VPD is low. The correlation of VPD to water stress
allows VPD to act as an indicator of tree stress, and growers can mitigate with irrigation regimes
to reduce stress when needed throughout the growing season. The comparably low vapor
pressure deficit (VPD) in the southeastern U.S. is a result of its high humidity, which can further

enhance water use efficiency (McCutchan and Shackel, 1992).


https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.13973#gcb13973-bib-0008
https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.13973#gcb13973-bib-0049

Drip irrigation and micro sprinkler irrigation are the primary irrigation methods used for
pecan in the southeastern U.S. Both methods have higher water use efficiency than flood and
solid-set sprinkler irrigation. Worley (1982) found the response to drip irrigation is favorable to
increased yields and quality of nuts compared to no irrigation. The annual rainfall in Georgia is
favorable for pecan production, but irrigation is essential to consistent yield, nut size, and quality
(Wells, 2015). In addition to drip and micro sprinkler irrigation minimizing evaporation losses,
fertilizing through irrigation systems increased fertilizer efficiencies and effectiveness (Li, 2018).

The primary source of irrigation water in southern Georgia is the underground aquifer
system, which is composed of confined and semi-confined layers of saturated limestone. The
region is underlain by multiple aquifer systems. Some of these aquifers are recharged annually
via precipitation. The most common aquifer used in South Georgia for agriculture is derived
from the Floridan aquifer (Hawkins, 2021). However, the impact of climate change and
unsustainable water withdrawals threaten to reduce the amount of available ground water in
Georgia (Sutton et al., 2021).

The amount of water removal by Alabama, Georgia, and Florida from the Apalachicola-
Chattahoochee- Flint River basin has drastically increased due to population increase and
agricultural intensity in the region. Much of the pecan growing region of Georgia relies heavily
on the Flint River basin as a water source (Wells, 2017). Agriculture water withdrawals from the
Flint River basin are more than that for the public water supply. The three states supplied by this
basin have a recent history of conflict regarding water use (Lawerence, 2016). Thus, improved
sustainability and water efficiency of pecan production through more precise irrigation practices
in the southeastern United States may enhance tree nut production and the future availability of

water resources.



Irrigation scheduling is a vital component to improving water use efficiency (Ganjegunte
et al. 2012). Peak water demand for pecans occurs in August and September during the kernel
filling stage (Wells, 2010). Implementation of methods to calculate and maintain soil moisture
levels within the orchard are helpful for irrigation schedules. Application of irrigation at peak
times and reduction in water use during less demanding periods, with the help of modern
technology, can improve orchard sustainability (Nikolaou et al., 2020).

In response to an increasing lack of water resources, deficit irrigation is a technique that
can be implemented to improve water use efficiencies while maintaining optimal water levels for
crop production (Fereres & Soriano, 2007). The concept of deficit irrigation is to reduce the
amount of irrigation by exposing the crop to a certain level of water stress at certain times during
the season, but the lack of water does not significantly impact the yield and quality of the crop
(Kirda, 2002). The common deficit irrigation technique is regulated deficit irrigation which
supplies irrigation below full evapotranspiration throughout the growing season to improve water
use efficiency, and horticultural crops such as fruit trees have greater potential of improving
water use efficiency using deficit irrigation techniques (Costa et al., 2007). Previous studies have
been conducted on deciduous fruit trees in high density orchards such as apples and pears, and
the main goal is aimed at reducing vegetative growth while maintaining fruit yields and reducing
need for significant pruning (Costa et al., 2007). Tree nuts have high water requirements
compared to other crops, and almonds specifically have higher demands for water than most
crops rendering the need for management techniques to reduce water use. In a study conducted
on an almond orchard in California under deficit irrigation, the crop saved around 5.3 inches of
water annually over a 5-year period while also increasing yields over that period (Stewart et al.,

2011). This study supports the benefits of deficit irrigation to improve water use efficiency while



maintaining minimal crop stress and producing optimal yields. Although there have been
minimal studies conducted on pecan trees specifically in the southeast, there was a study
conducted in New Mexico on deficit irrigation in pecans and the results supported improved
water use efficiency and sustainable crop yields (Pierce, 2021).

In addition to proper irrigation scheduling, cultural management of pecan tree canopies
also enhances orchard success. A concern associated with dense tree planting is the potential for
excess shading and the rate at which it occurs (Lombardini, 2006). Tree overcrowding results in
competition for nutrients and lower yields if not managed properly (Anadales et al., 2006; Wood
and Stahmann, 2004). Hedge pruning is a practice that has been rapidly adopted to help combat
excessive shading while maintaining higher yields and a healthy orchard. Hedge pruning
involves limb removal at a certain distance from the trunk combined with a reduction in tree
height by topping the tree at a height no greater than 40 feet. This creates a smaller, more
compact tree. Mature non-hedged pecan orchards intercept between 65% to 70% of sunlight,
affecting photosynthetic rates (Wood, 1996). Thus, hedge pruning allows growers to manage the
size and shape of the trees to prevent canopy overlap, manage crop load, enhance quality,
maintain better spray coverage, reduce storm damage, and enhance water efficiency (Wells,
2018).

A concern with pecan tree canopy encroachment is the profitability of the orchard
declining due to the increase in alternate bearing intensity, especially in low light environments
(Wood, 1996). The southeastern United States has low light intensity compared to more arid
regions as a result of increased cloud cover, so the need for a solution to enhance light
penetration in canopies is crucial for pecan production. Reducing the overcrowding of orchards

and increasing sunlight exposure may be done more effectively with hedge pruning than with



tree removal from orchards (Worley et al., 1996). Wood and Stahmann, (2004) found that pecan
orchards can maintain high productivity while reducing alternate bearing with hedged-row type
pruning, at a north to south orientation. A study was conducted on hedge- pruning that exhibited
the same results of improved alternate bearing intensity and improved quality, but there was a
reduction in yield. However, if the canopies were not reduced it is expected that there would
eventually be a decline in crop production due to canopy encroachment and competition (Wood,
2009). In an additional study investigating the effect of a one-time hedging application, the
results indicated a difference in light penetration compared to non-hedged and nut quality was
maintained (Lombardini, 2006). This suggests potential for growers in the southeast to prune
according to alternate bearing to improve yield fluctuations and price through hedging. Wells
(2015) determined that midday stem potential () was higher in hedged trees compared to non-
hedged trees, which indicates less water stress on hedge-pruned trees. Nut weight was also found
to be higher in hedged trees which is related to better water use efficiency as the nut sizes during
the growing season (Wells, 2018). The difference in water stress is likely due to the size and
height of the canopy in a non-hedged tree compared to a hedged tree because water must reach
further distances in non-hedged trees (Deb et al. 2012). This would indicate that hedged pecan
trees may exhibit lower water use and improved water efficiency due to smaller canopy size

while maintaining quality and yield.

Wells (2018) found that hedge pruning in the southeast can be beneficial for water status,
nut quality, wind resistance, and nut weight. This supports an increase in pecan quality with
hedge pruning, although there may be an initial yield reduction when hedging regimes begin. In
the western portion of the U.S., hedging of pecans has increased due to increased density of

pecan orchards and light penetration becoming an issue just as it is in the southeast. There have
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been studies conducted in the west on hedge pruning pecan trees and results indicate improved
alternate bearing habits and no reduction in quality, but there is still a slight reduction in yield
early on (Heerema et al., 2012). The older pecan trees are when the hedging program begins, the
greater the reduction in fruiting wood, and thus the greater reduction in yield. This suggests that
the timing of the initiation of hedge pruning is important.

The benefits of hedge pruning include potential effects on plant pathogens and pests in
orchards. A study that analyzed pest pressure in hedged canopies found that hedging increased
Phylloxera infestations, but it did not affect other pests such as mites (Toledo et al., 2024). A
reduced canopy size also allows for better spray coverage with fungicide, which is critical in the
southeastern U.S. to prevent and manage scab pressure (Bock et al., 2017). Additionally,
previous studies conducted on hedge pruning indicate that hedging pecan trees promotes
vegetative growth of the trees and has no negative effects on the fruit (Hellwig et al., 2022).

The pruning of crops in general, not specific to pecans, can be beneficial for water
availability and efficiency. In a study conducted in an agroforestry system in Kenya which
analyzed Grevillea robusta, southern silky oak tree, and maize, indicated that the water balance
was significantly improved by pruning, resulting in a decreased water demand (Jackson et al.,
1999). In another study investigating crop water use with a pruning treatment, winter wheat that
was root pruned indicated better water use efficiency and less water uptake compared to un-
pruned while also showing no significant difference between the yields (Shou et al., 2008).
These results from crop water use studies with pruning and hedging treatments indicate
improved use of water resources while maintaining yields which is vital to increasing the

sustainability of crop production.
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Overall, hedge pruning of pecan orchards and irrigation regimes can improve water
efficiency and economic viability of pecan operations, increasing the sustainability of pecan
production. Hedge pruning is recognized for the role it plays in enhancing light penetration, tree
health, and air circulation which leads to better yields and quality of pecan crops. Tree nut
producers must implement the most efficient irrigation systems and cultural management
techniques to minimize water waste while producing high quality tree nuts and maintaining
sustainable profits. In response to concerns of limited water resources and agricultural water use
quantity, it is crucial to understand the interactions between water use, irrigation practices, and
cultural management techniques to improve efficiencies while maintaining crop yields to

enhance the sustainability of pecan production.

As pecan tree plantings have become more densely populated and more constraints on
water sources arise, the process of hedge pruning serves to mitigate canopy encroachment while
also improving the water use efficiency of orchard. This research aims to investigate the effects
of hedge pruning on pecan trees under varying irrigation regimes, with a focus on optimizing
water use efficiency without compromising tree productivity. The study has three main

objectives:

1. Determine if irrigation rates can be reduced on hedged-pruned pecan trees with no loss
in pecan tree yield or nut quality, addressing the need for enhanced sustainable water

management in pecan production.

2. Determine if hedge pruning affects leaf area under varying irrigation regimes, which
may indicate interactions between pruning and water availability that influence tree canopy

development.
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3. Determine if hedge pruning affects the rate of nut growth and development.
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CHAPTER 2
EFFECT OF A REDUCED IRRIGATION RATE ON HEDGED AND NON-HEDGE PRUNED

PECAN TREES IN THE SOUTHEASTERN UNITED STATES!

1 Rayfield, B.A. and Wells, M.L. To be submitted to a peer-reviewed journal Hort Science.
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Abstract

The United States is the leading producer of pecans worldwide, and Georgia often
leads production within the nation. Since 2010, pecan (Carya illinoinensis) trees in Georgia have
experienced higher density plantings which enhances the need for better water use efficiency.
This study investigates the impact of reduced irrigation and hedge pruning on pecan yield, nut
quality, and water efficiency in Georgia’s pecan orchards. While irrigation practices is essential
for maintaining pecan yield and quality, improper scheduling can lead to inefficient water use.
This research focuses on two primary variables: irrigation rate and hedge pruning, a technique
that modifies tree structure to manage canopy size and improve water use efficiency. The study
was arranged as a split-plot design with pruning serving as the main plot effect and irrigation
serving as the split plot effect. Hedging treatments (Hedged or Non-Hedged) were arranged in
blocks of three trees each with each irrigation treatment occurring once per block as follows: 1)
full rate irrigation; 2) reduced rate irrigation; 3) non-irrigated control using individual trees.
Hedged blocks were replicated four times, and the non-hedged blocks were replicated three times.
Hedge pruning did not significantly affect water stress in the current study, although it did reduce
yield in the initial years due to the removal of fruiting wood. However, by the third year, yield
differences between hedged and non-hedged trees were minimal. Additionally, hedge pruning
increased percent kernel and leaf area in pruned trees, highlighting its potential for improving nut
quality. Furthermore, the reduced irrigation rate did not negatively affect yield or nut quality on
hedged nor on non-hedged trees, suggesting that irrigation rates could be safely reduced by 34%
from April-July, offering a sustainable approach to water conservation without compromising
production. These findings underscore the potential for hedge pruning and irrigation adjustments

to enhance pecan orchard management and sustainability in the southeastern U.S.
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Introduction

The state of Georgia accounts for nearly 1/3 of United States pecan production
(NASS, 2022), leading the nation with 147,000 bearing acres in 2022, producing 131 million
pounds of pecans (USDA, 2024). The pecan crop in Georgia was valued at 212.6 million dollars
in 2022, making it a vital horticultural crop for Georgia’s agricultural economy (USDA, 2024).
Georgia’s pecan acreage endured a significant period of growth from 2010-2018, due to elevated
pecan prices resulting from the burgeoning Chinese market (Wells, 2018).

Tree nuts have a high-water requirement, which leads to concerns about water
sustainability (Vanham et al., 2020). Pecan trees may require greater water use than many
agronomic row crops, so a thorough understanding of water use in a given growing environment
is crucial (Andales et al., 2006). Irrigation is valuable for pecan production because it directly
affects yield, nut size, and nut quality, but a common issue among the industry is improper
management of irrigation frequency and scheduling (Stein et al., 1989).

Rainfall is variable in the southeastern United States and the region frequently suffers dry
periods in spring, summer, and fall, therefore evaporation can exceed rainfall received at crucial
periods for nut set, nut growth, and nut development (Worley, 1982). Because pecans are prone
to alternate bearing like many other fruit trees, adequate amounts of water are needed to
consistently produce the crop and reduce stress on the trees (Conner and Worley, 2000). In
addition to its value for pecan crop production, responsible irrigation offers a means for growers
to reduce inputs, conserve limited water resources, and maintain consistent production (Garrot et
al., 1993).

The Southeastern U.S. consists of hot summers with an annual rainfall average of 127 cm

or more (Sammis et al., 2004). Although Georgia has significant rainfall each year, pecan trees
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may undergo water stress during intermittent droughts typically in August and September
(Wells, 2015). Irrigation practices and the appropriate timing of water availability determine
pecan yield and quality (Stein et al. 1989). The pecan's physiological development along with
climatological factors impact the trees’ water demand. Prior to canopy development and nut set
in late spring there is less demand for water compared to the nut development and kernel filling
period from mid-June through September in the southeastern United States (Sammis et al.,
2013). In response, irrigation scheduling techniques for pecans in the region have evolved to
meet this demand during critical times, while taking advantage of periods of less water demand,
to reduce irrigation water application (Wells, 2015).

Mature pecan orchards intercept between 65% to 70% of sunlight, affecting
photosynthetic rates (Wood, 1996). Tree overcrowding results in competition for nutrients and
lower yields if not managed properly (Anadales et al., 2006; Wood and Stahmann, 2004). Hedge
pruning is a practice that has been rapidly adopted to help combat excessive shading while
maintaining higher yields. Hedge pruning involves limb removal at a certain distance from the
trunk combined with a reduction in tree height by topping the tree at a height no greater than
forty feet. This creates a smaller, more compact tree. Thus, hedge pruning allows growers to
manage the size and shape of the trees to prevent canopy overlap, manage crop load, enhance
quality, maintain better spray coverage, and reduce storm damage (Wells, 2018).

There is also evidence to suggest that hedge-pruned pecan trees may exhibit lower water
use and improved water efficiency due to smaller canopy size while maintaining quality and
yield in the southeastern U.S. (Wells, 2018). The pruning of crops in general, not specific to
pecans, can be beneficial for water availability and efficiency. In a study conducted in an

agroforestry system in Kenya which analyzed Grevillea robusta, southern silky oak tree, and
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maize, indicated that the water balance was significantly improved by pruning, resulting in a
decreased water demand (Jackson et al., 1999). In another study investigating crop water use
with a pruning treatment, winter wheat that was root pruned indicated better water use efficiency
and less water uptake compared to un-pruned while also showing no significant difference
between the yields (Shou et al., 2008). These studies suggest the potential for hedge pruning as a
tool to minimize use of water resources while maintaining yield which is vital to increasing the
sustainability of crop production.

The objectives of this study were to determine the effect of a reduced irrigation rate on
pecan yield, nut size, and nut quality in hedge pruned and non-hedge pruned trees. Additionally,
this study attempted to determine if hedge pruning affects leaf area and the rate of nut

development under varying irrigation rates.
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Materials and Methods

Studies were conducted in 2022, 2023 and 2024 at the University of Georgia Ponder
Research Orchard near Tifton, GA. The orchard was located at lat. 31°51'N and long. 83°64'W.
Orchard soils consisted of Tifton loamy sand (fine-loamy, kaolinitic, thermic Plinthic
Kandiudults). ‘Cape Fear’ pecan trees were planted in 2008 and are spaced at 40 x 40 ft
throughout the orchard. The orchard was managed under commercial conditions in accordance
with the University of Georgia Cooperative Extension recommendations (Wells, 2017).
Vegetation-free strips 12 ft wide were maintained along each tree row using the herbicides
glyphosate and indaziflam. Row middles consisted of Bermudagrass (Cynodon dactylon) sod.

The study was arranged as a split-plot design with pruning serving as the main plot effect
and irrigation serving as the split plot effect. Hedging treatments (Hedged or Non-Hedged) were
arranged in blocks of three trees each with each irrigation treatment occurring once per block as
follows: 1) full rate irrigation; 2) reduced rate irrigation; 3) non-irrigated control using individual
trees. Hedged blocks were replicated four times, and the non-hedged blocks were replicated three
times.

Hedge-pruned trees had all growth beyond 8’ from the trunk on the East side of the tree
pruned in January 2022 and on the West side of the tree in January 2023 using a mechanical
hedge-pruner (Tol Incorporated, Tulare, Ca). Trees were topped on each side in their respective
years at an angle with a peak at 40°. Trees were not pruned in 2024.

The orchard is irrigated with micro sprinkler irrigation using one micro sprinkler per tree
positioned on the N side of the tree within the vegetation free strip =1.2 m from the base of the
tree. Irrigation was set on a timer with irrigation occurring every other day from April-July and

daily in August and September for varying duration times each month as the season progressed
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(Table 1). Irrigation was stopped for 3 days following a rainfall event of 1”” or more from April to
July. The full irrigation rate was based on the UGA recommended irrigation schedule for pecans
(Wells, 2015). Irrigation rates were controlled by varying the size of micro sprinkler emitters (full
= 60.56 1/h, reduced = 39.7 I/h, control= 0 1/h) from April-July. In August and September both
irrigated treatments received the 100% daily irrigation rate to ensure kernel filling was not
inhibited during peak water demand.

Mid-day stem water potential () was measured using a pump pressure chamber (PMS
Instruments, Albany, OR) to assess water stress on a weekly basis for 16 weeks from June
through September. Soil moisture was measured at the same time as stem y with a Field Scout
TDR 300 (Spectrum Technologies, Aurora, IL) at 20 cm depth within the wetted zone of micro
sprinklers =1.2 m from the base of the tree.

Leaf area was measured once during the growing season in 2023 and 2024 between
September and October using a LI-COR LI-3000C portable area meter (LI-COR Technologies,
Lincoln, NE). Leaf area samples included three leaflets per tree collected from mid to low canopy
level.

At harvest, nuts were shaken from the trees onto tarps under each tree and all nuts were
hand harvested and weighed. A 50-nut sample was collected from each tree to assess individual
nut weight and pecan kernel quality (nut size and percent kernel). Two-way analysis of variance
(ANOVA) was used to determine significant differences in yield, nut growth, and nut quality
among and between treatments. Means were separated using Tukey’s honestly significant
difference test (P < 0.05). Statistical analysis was conducted using SigmaPlot statistical

software.
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Results and Discussion

A weather station at the study site recorded 61.0, 74.4, and 74.1 cm of rainfall from April
through September for 2022, 2023, and 2024, respectively. The rainfall total for the study period
from 2022-2024 was excessive, given the mean annual rainfall of 60 cm for this same period
from 1981-2010. Suggested seasonal total water requirements of pecan range from 127 to 147
cm (Madden, 1969; Sammis et al., 2004). Precipitation was not evenly distributed throughout the

growing season, suggesting a need for irrigation (Fig. 1).

Stem y was variable over the course of each growing season (Fig. 2). Dry conditions
throughout June of 2022 led to reduced stem y during that period but trees recovered quickly. In
2023 and 2024, the greatest reduction in stem y occurred in August (Fig. 2). Pecan trees grown
in humid climates may undergo water stress at ~—0.78 MPa (Wells, 2015). Hedge-pruning,
alone, did not significantly impact stem y (Table 2). Season long stem y averaged -0.58, -0.62,
and -0.73 MPa for hedged trees and -0.63, -0.65, and -0.77 MPa for non-hedged trees for 2022,
2023, and 2024, respectively. A previous study by Wells (2018) demonstrated enhancement of
stem water potential with hedge-pruning. Although there was a slight trend for improved stem
vy with hedging in the current study, the high degree of tree-to-tree variation within single tree
replications coupled with rainfall during the study period likely resulted in the lack of statistical
significance. From 2022-2024, stem y was lower in the control treatment than the two irrigation
treatments, indicating greater water stress for the control treatment (Table 3). Average stem
v was -0.55, -0.58, and -0.71 MPa for full irrigation, -0.60, -0.61, and -0.70 MPa for reduced

irrigation and -0.67, -0.72, and -0.84 MPa for the control in 2022, 2023, and 2024, respectively.
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Hedge pruning led to a significant (P<0.05) reduction in pecan yield per tree in 2023, but
not in 2022, nor in 2024 (Table 2). Average yield for hedge-pruned trees was 91, 34, and 99 Ibs.
per tree in 2022, 2023, and 2024, respectively and 113, 130, and 77 1bs. per tree for non-hedged
trees in 2022, 2023, and 2024. The yield reduction by hedge pruning in 2023 was likely the result
of two repeated years of hedge pruning. Trees beyond about 12 years of age generally lose a
larger amount of fruiting wood in the initial stages of a hedge-pruning program as a significant
amount of fruiting wood is removed. This loss of fruiting wood can lead to a temporary
reduction in fruit production, but over time, with proper management, the new growth of fruiting
wood may enhance overall yield and fruit quality (Lombardini, 2006). Thereafter, yield tends to
be less affected by pruning because smaller cuts are made to the tree, and less fruiting wood is
removed when trees are hedged. Pruning any given face of the tree on a four-year cycle rather
than a three-year cycle may likely reduce yield loss as well, because additional time is provided

between pruning cuts, potentially maintaining more fruiting wood and enhancing yield.

In 2023, yield was significantly (P<0.05) higher in the reduced rate irrigation treatment
than in the other treatments (Table 2). Yields were 111, 103, and 91 1bs. per acre for the full,
reduced, and control treatments, respectively, in 2022; 78, 95, and 73 1bs. per acre for the full,
reduced, and control treatments in 2023; and 103, 82, and 80 Ibs. per acre for the full, reduced,
and control treatments in 2024. Rainfall was significant in each year of the study; therefore,
irrigation treatment effects were minimal. There were no hedging X irrigation treatment

interactions with regard to yield.

Nut weight was affected by hedging treatment only in 2024, when nut weight was heavier
in non-hedged than in hedged trees (Table 2). Previous studies have demonstrated an increase in

nut weight with hedge pruning (Wells, 2018; Wells, 2024). The fact that we saw no difference in
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nut weight in 2022 and 2023 is consistent with the onset of previous hedging studies, which have
shown similar results in initial study years, followed by an increase in nut weight of hedged trees
after two to three years (Wells, 2018; Wells, 2024). The larger nut weight we observed for non-
hedged trees in 2024 could have been related to fewer nuts per tree on on-hedged trees as
reflected in the lower yield per tree for non-hedged trees in that year, as well as suitable rainfall

in addition to irrigation to aid in nut sizing.

Percent kernel was significantly(P<0.05) higher from hedged trees in 2023 and 2024
(Table 2). This is consistent with results from previous studies demonstrating that hedge pruning
enhances percent kernel (Lombardini, 2006; Wells, 2018; Wells, 2024). Irrigation treatment did
not affect percent kernel during any year of the current study; however, there was a significant
hedging X irrigation interaction in 2023, in which hedge-pruned trees had a higher percent kernel
than non-hedged trees under the full irrigation treatment (Table 2). Yield for hedged trees was
also significantly lower than non-hedged trees in 2023, which often leads to higher percent

kernel.

Pecan leaf area was significantly (p<<0.001) larger in hedge pruned than non-hedge
pruned trees in 2023 but not in 2024 (Table 2). This likely results from the fact that trees in the
hedging treatment were hedge-pruned in 2023, but no trees were pruned in 2024 since that was
scheduled as the off year for pruning. Leaf area was not affected by irrigation treatment

throughout the study.
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Conclusion

The current study demonstrated benefits of hedge pruning for pecan production in the
southeastern United States. Among these was an increase in percent kernel for hedged vs. non-
hedged trees and increased leaf area for hedged trees in the year of hedging. This is similar to the
findings of previous studies (Wells, 2018; Wells, 2024). In the second year of the study (2023),
pecan yield was reduced by hedge pruning, but this is not uncommon when the hedge pruning
system is initially implemented on trees outside the optimal age window for initiation of hedge
pruning. In such situations, this reduction is only temporary and appears to result from the
removal of excess fruiting wood when large hedging cuts are made. This appeared to be the case
for the current study as there was no significant difference in pecan yield between hedging
treatments in years 1 (2022) and 3 (2024) of the study. Extending the period between hedge

pruning cuts would also be likely to minimize or eliminate yield reduction with hedging.

These results demonstrate that the reduced rate irrigation schedule did not result in any
negative impact on pecan yield, nut weight, or percent kernel (Table 2) for both hedged and non-
hedged trees. This suggests that the currently recommended irrigation schedule for Georgia
pecan production (Wells, 2015), could be further reduced from April-July with no impact on
pecan production for both hedged and non-hedged trees under the environmental conditions
found in this study, which are indicative of conditions found in the southeastern United States.
This represents a potential 34% reduction in irrigation water application for the April-July period
of the growing season. Further work should focus on an examination of this irrigation regime
under drought conditions and in deep sand soils to determine its application potential under such

conditions.
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Table 1. Irrigation water application rate per tree for the full and reduced irrigation schedules.

Month Irrigation Water Application Rate
Full Schedule Reduced Schedule
(liters per tree per week) (liters per tree per week)

April 726 477

May 1090 715

June 1453 954

July 1817 1193

August 5087 5087

September 5087 5087
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Table 2. Mean stem water potential (), pecan tree yield, nut weight, percent kernel, and leaf

area of pecan trees for full and reduced irrigation schedules and non-irrigated controls.

Year
Treatment Stem y Yield Nut Percent Leaf
(MPa) (Ib./tree) Weight Kernel Area
(2 (mm)
2022
Hedged
Full Schedule -0.53 75.5 9.7 54.7 ---
Reduced Schedule -0.58 91.9 10.1 55.6 ---
Non-Irrigated -0.64 106.2 93 56.2 -
Non-Hedged
Full Schedule -0.57 148.1 10.2 54.2 ---
Reduced Schedule -0.61 89.9 10.2 55.4 ---
Non-Irrigated -0.71 100.1 9.7 54.9 -
Pvalue Hedging 0.12 0.16 0.29 0.17 ---
Irrigation 0.006 0.52 0.24 0.13 ---
HedgingXIrrig.  0.83 0.08 0.83 0.61 ---
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2023

Hedged
Full Schedule
Reduced Schedule

Non-Irrigated

Non-Hedged
Full Schedule
Reduced Schedule
Non-Irrigated
Pvalue Hedging

Irrigation

HedgingXIrrig.

2024

Hedged
Full Schedule
Reduced Schedule

Non-Irrigated

Non-Hedged
Full Schedule

Reduced Schedule

-0.58

-0.63

-0.67

-0.58

-0.59

-0.77

0.45

0.003

0.26

-0.67

-0.72

-0.79

-0.75

-0.69

30.4

39.1

31.7

124.9

150.8

113.4

<0.001

0.05

0.27

101.3

104.9

91.4

104.5

594

39

9.6

9.5

9.1

10.1

9.1

94

0.47

0.14

0.38

9.0

9.2

8.2

10.4

10.1

543

53.8

52.5

49.7

51.7

523

0.002

0.61

0.03

532

53.0

54.0

51.6

52.1

344

27.3

314

27.2

30.5

29.0

<0.001

0.38

0.21

27.8

29.7

31.0

27.2

30.5



Non-Irrigated

P value

Hedging
Irrigation

HedgingXIrrig.

-0.88

0.16

<0.001

0.22

67.6

0.26

0.58

0.60

10.1

<0.001

0.36

0.49

524

0.02

0.36

0.76

29.0

0.72

0.44

0.80
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Table 3. Average stem water potential () among irrigation treatments in full, reduced, and non-

irrigated control treatments during 2022, 2023, 2024.

Year
Treatment Stem y
(MPa)
2022
Full Schedule -0.55b
Reduced Schedule -0.60b
Non-Irrigated -0.67a
2023
Full Schedule -0.58b
Reduced Schedule -0.61b
Non-Irrigated -0.72a
2024
Full Schedule -0.71b
Reduced Schedule -0.70b
Non-Irrigated -0.84a
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Figure 1A. Daily rainfall distribution from April to September during (A) 2022 at the University

of Georgia Ponder Research Farm.
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Figure 1B. Daily rainfall distribution from April to September during (B) 2023 at the University

of Georgia Ponder Research Farm.
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Figure 1C. Daily rainfall distribution from April to September during (C) 2024 at the University

of Georgia Ponder Research Farm.
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Figure 2A. Mean stem water potential () of pecan trees in full irrigation, reduced irrigation, and

non-irrigated treatments (A) 2022.
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Figure 2B. Mean stem water potential () of pecan trees in full irrigation, reduced irrigation, and

non-irrigated treatments (B) 2023.
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Figure 2C. Mean stem water potential () of pecan trees in full irrigation, reduced irrigation, and

non-irrigated treatments (C) 2024.
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