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ABSTRACT
Increased reliance on herbicides in crop production has led to many weed species
becoming resistant to multiple herbicide modes of action. Sheep herbivory may be a
viable alternative weed control method, as sheep have the potential to preferentially
graze weeds and be averse to eating the cotton plant due to the presence and
concentration of gossypol. Common weeds such as Palmer amaranth and field bindweed
are magjor competitors with cotton plants in western Texas but are also palatable to
sheep. Field research on the integration of sheep into cotton systems was performed at
the Texas AgriLife extension and research center in San Angelo, Texas during the 2022
and 2023 seasons. Treatments included three different cotton growth stagesto initiate
grazing (4-1eaf, 8-leaf, and mid-bloom) and three different levels of grazing intensity
based on weed removal (approximately 70%, 90%, and 100%) with presumably greater
cotton damage with increasing intensity. Treatment effects were quantified through
monitoring sheep grazing activity, assessments of weed biomass removal, cotton
damage, and cotton yield.
During the 4-leaf, 8-leaf, and mid-bloom initiation for both years, sheep spent 87%,
86%, and 93% of feeding time, respectively, grazing on weeds rather than cotton. Fina
cotton biomass was not influenced by year, intensity, or timing of treatments. Final weed
biomass was affected by year (P > 0.069) and timing (P > 0.036). The year 2022 had

less final weed biomass than 2023 and grazing initiated at the 4-leaf stage resulted in
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greater weed biomass at the end of the growing season when compared to grazing
initiated at the 8-leaf stage. Thistrial emphasizes the challenge of extrapolating small-
scale findingsto field conditions, where sheep grazing may occur at different times.
While small-plot research is valuable, its limitations highlight the need for field-scale
observations. Integrating sheep grazing into production systems shows promise for
farmers seeking reduced herbicide/organic management, but further refinement and
consideration of economic impacts are necessary. Future research may assess grazing
preferences relative to sheep age and breed to provide greater insight into integrated

crop-livestock management practices.
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NOMENCLATURE

SGM Sheep Grazing Minutes

SGH ha! Sheep Grazing Hours per Hectare
kg hat Kilograms per hectare

mm Millimeter

m Meter
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CHAPTER | INTRODUCTION

Weed management options independent of chemical control are necessary for
modern agriculture systems. An overreliance on herbicides and reduced rotation between
modes of action, has resulted in resistant weeds and dwindling chemical control options
(Duke 2022). Weeds are often the most limiting factor to crop yield and herbicides
account for a sizable portion of afarmer’s annual budget (Green 2014). Incorporating
more cultural and biological weed control methods bears potential to improve overall
weed management systems, prolong the effective life of useful herbicides, and slow or
inhibit further development of herbicide-resistant weeds. This project focuses on
evauating the introduction of sheep during the cotton growing season as a means of
biologica weed control.

In recent years, Texas has accounted for 40% of American cotton production
(USDA 2022). To maintain this production status into the future, Texas cotton farmers
will be combatting an increasing number of production challenges each year. Weed
research is evolving to meet the needs of farmers to control their weeds. Integrated pest
management (IPM) is an umbrellaterm for using multiple methods to control pests. The
simple definition includes two parts: the use of multiple control tactics and the
integration of pest biology into the management system (Buhler, 2002). Within IPM,
integrated weed management (IWM) has the same principal objectives, but with the
focus on weeds. By using mechanical, cultural, and biological systems aong with
chemical systems, herbicides will hopefully not be overused and remain effective (Moss,

2019). Common components of IWM could include prevention, crop rotation,
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intercropping, tillage, and cover crops (Buhler, 2002). An optimal system will require
integration of multiple methods of weed control to oppose these pests (Vulchi et al.
2022)

Thisintegrated crop-livestock system coined “ sheep weeding” has sparked recent
interest and experimentation among cotton farmers in west Texas; athough, integrating
livestock into cropping systemsis not a new concept. Hatfield et al. (2005), found that
sheep are useful to control weeds in Montana' s fallow wheat fields through selection of
younger, greener weeds to graze rather than the wheat stubble. In 1984, sheep grazing
was the most widespread biological control on dryland farmsin Victoria, Australia
(Amor, 1984). These sheep suppressed weeds on fallow fields and then controlled weeds
asa"“burndown” prior to planting. Over a 14-year period, Alves et a. (2020) studied the
effect of rotation between winter pasture and summer cropping (corn or soybeans) in a
no-till system. They found that the lowest intensity (lower stocking rate) rotation
resulted in an increased corn yield., striking a balance between nitrogen accumulation in
the soil from previous crop residue, and the addition of nutrients from sheep defecation.

Unlike the conditioned aversion method observed in some integrated systems,
such as olive tree orchards utilizing sheep for undergrowth grazing and dosing livestock
with lithium chloride upon ingestion of targeted species (Manuelian et al., 2010), this
project relies on the natural aversion to gossypol inherent in all parts of the cotton plant
(Gadelhaet al., 2014). Leveraging this potential natural aversion instead of relying on
conditioned aversion offers a simpler and more resource-efficient approach. The

objective of this study was to assess the viability of sheep grazing as a weed control
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method throughout the cotton growing season, particularly for farmers interested in
adopting organic or reduced herbicide systems. This work focused on the impact of
initiating sheep grazing at different cotton growth stages throughout the season. Three
distinct growth stages—4-leaf, 8-leaf, and mid-bloom—were sel ected to represent early,
middle, and late initiation, respectively. Grazing was implemented at three intensities
according to weed removal: 70%, 90%, and 100% (categorized as low, moderate, and
high, respectively). Thisinvestigation aimed to characterize critical thresholds of cotton
maturity and grazing intensity at which weed control is optimized with the least damage
to the cotton crop. Additionally, the research aims to identify a threshold for weed
pressure, indicating when sheep grazing transitions from consuming weeds to potentially

damaging the cotton crop.
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CHAPTERII
LITERATURE REVIEW
Challenges facing weed management
Herbicide resistant crops have given farmers an advantage over the natural

world since their introduction. Glyphosate is the most widely used (Dayan, 2019), with
93% of soybeans and 85% of corn planted, being resistant (Green 2014). Glyphosate
resistant (GR) crops give farmers the ability to spray a non-selective herbicide on top of
their crops and only affect the weeds. This allows farmers to spend |ess time managing
weeds while still achieving effective control. However, a heavy reliance on glyphosate
(since the introduction of GR cropsin 1996) has increased resistance due to selection
pressure (Green 2014). While the advantages that herbicide technologies have are
invaluable, aternatives are necessary to combat resistance. Within herbicide
development, there is currently a significant need for a new mode of action to be
introduced (Duke 2001). This causes a dependence on old modes of action where
resistance may have already developed.

Tillage as a means for weed control is common among cotton growers. However,
the side effects of tillage including damage to soil structure, compaction, and soil erosion
must be considered before tilling to determine if the positives outweigh the negatives
(Amanullah 2010). Usman et a. (2009) found a mixture of tillage and hand weeding was
effective at controlling weeds in wheat but the increase in labor and fuel costs caused
this practice to be impractical for smaller farms. Manual weeding is also more prone to

human error. As laborers make their way through afield, it islikely that improper
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technique could damage the crop when trying to target the weeds. Thisresultsin adirect
lossinyield and is difficult to fully prevent. These farmers were left with chemical
control as the most affordable and practical option.

Economic opportunity in organic systems

Due to the nature of this project as a non-chemical weed management method,
organic growers seem to be the most interested. Consumers are becoming more aware of
their food and fiber sources and are willing to pay the organic premium for those
products (Carrigan and de Pelsmacker, 2009). This has the potential to offset the
increased costs of production, which is a common drawback for producers interested in
making the transition from conventional to organic. Farmers with small land holdings
can use organic production to make the most profit from their acreage with more
reasonabl e and intensive management than large operations. Sizeable farms could
benefit from transitioning part of their land and diversifying their markets and income
streams.

As sheep graze and deposit manure into the field, it is good to consider the
nutrient benefits this may have for the soil. Moreno-Caselles et a. (2007) found sheep
manure to have an NPK value of 1.9-1.3-4.1 with anormal diet. This can be utilized to
add nutrients and reduce the costs of fertilizer applied.

Herbivory as a potential tool

The “sheep weeding” system is based on the sheep’ s natural aversion to

gossypol. Gossypol is a secondary metabolite found in cotton stems, seeds, leaves, and

flowers (Gadelhaet. a., 2014). The proposed ideais that gossypol presence in the leaves
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increases as the cotton matures and therefore lessens the palatability of the cotton plant.
The inherent ability of sheep to selectively graze weeds instead of cotton is key to this
project having potential applications across regions. Gossypol poisoning isrecorded in
both monogastrics and ruminants. Symptoms include respiratory distress, impaired
weight gain, anorexia, weakness, apathy, and possible death after several days of
ingestion (Gadelhaet. al., 2014). Heart failure was also found due to gossypol in lambs
(Morgan et al. 1988)

Many weeds that negatively impact yield in cotton are also palatable to sheep,
including Palmer amaranth (Amaranthus palmeri), field bindweed (Convolvulus
arvensis) (Stahler et a., 1047), prostrate pigweed (Amaranthus blitoides), Junglerice
(Echinochloa colona), Johnsongrass (Sorghum halepense), and Italian ryegrass (Lolium
multiflorum). These weeds have an established seedbank in our field site and have been
the target weed species of sheep. Alternatively, due to toxicity risks, sheep will not graze
buffalo gourd (Cucurbita foetidissima) (DeVeaux Shultz, 1985), Carolina horsenettle
(Solanum carolinense) (Gorrell et al., 1981), devils' claw (Proboscidea parviflora), and
silverleaf nightshade (Solanum elaeagnifolium) (Molnar and McKenzie, 1976). Which
are common in west Texas.

Endozoochorous weed seed dispersal is cause for concern with the integrated
crop-livestock system. Ovesi et a., (2020) showed that after 120 hoursin the digestive
tract of ruminants, every weed species evaluated had a viability of 98% or higher. Field
bindweed (Convolvulus arvensis) is acommon weed in west Texas and had a viability of

100% after 120 hoursinside the animal. Introducing new weeds from one field into
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another would be an additional management consideration for this system to limit

spread. A quarantine period could be beneficial before moving sheep from field to field.
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CHAPTER |11
FROM PASTURE TO FIELD: INVESTIGATING THE EFFECTS OF SHEEP
GRAZING ON COTTON GROWTH AND WEED SUPPRESSION
Introduction
In modern agriculture, overuse of herbicides and alack of rotation strategies have
led to the rise of herbicide-resistant weeds, diminishing the effectiveness of chemical
solutions (Duke, 2022). This poses a significant challenge to crop yields, with herbicides
often consuming a sizable portion of farmers' inputs (Green, 2014). To address this
issue, there is a growing recognition of the need to incorporate cultural and biological
weed management methods, which can not only extend the lifespan of herbicides but
also mitigate the devel opment of resistance. A pioneering initiative in this regard

involves the integration of sheep into cotton farming during the growing season.

In Texas, akey player in American cotton production, maintaining productivity
faces mounting challenges and weed management strategies must evolve. Integrated Pest
Management (IPM), which integrates various control methods tailored to pest biology,
serves as amodel. Within IPM, Integrated Weed Management (IWM) shares similar
goals, emphasizing diverse strategies including mechanical, cultural, biological, and
chemical methods (Moss 2019; Buhler 2002). These approaches aim to prevent weed
proliferation, promote crop rotation, and utilize cover crops and intercropping to

maintain soil health and suppress weed growth (Vulchi et al. 2022).

The concept of "sheep weeding" has garnered interest among cotton farmersin

west Texas, athough livestock integration in cropping systemsis not a new concept.
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Research findings demonstrate the effectiveness of sheep grazing in controlling weeds,
as observed in Montana where sheep grazed weeds over wheat stubblein fallow fields
(Hatfield et al. 2005). In Victoria, Australia, sheep were the dominant strategy for
biologica weed control (Amor, 1984). Furthermore, the potential benefits of integrating
sheep grazing into crop rotations include enhancing soil fertility and weed suppression
(Alveset a. 2020). A low intensity stocking rate in rotation with corn showed an

increase in grainyield (Alves et al. 2020).

This research aims to evaluate the viability of sheep grazing as aweed control
method in cotton farming, particularly for those seeking organic or reduced herbicide
approaches. Establishing a weed pressure threshold is crucial to ensuring the balance
between weed control and potential damage to cotton plants. The concept revolves
around the notion that as cotton matures, the amount of gossypol increases throughout
the plant (Gadelha et. al., 2014), thereby reducing the plant's palatability. Central to the
success of this project is the innate ability of sheep to selectively graze weeds over
cotton, a characteristic that holds promise for widespread application. Gossypol
poisoning poses athreat to both monogastric and ruminant animals (Gadelha et. al.,
2014). Specific stages of cotton growth, the 4-leaf, 8-1eaf, and mid-bloom stages, are
targeted for grazing initiation. Thisincludes two vegetative growth stages and a
reproductive stage. Varied intensities of 70%, 90%, and 100% weed removal will be
examined to determine optimal grazing practices.

Materialsand Methods
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Field research trials were coordinated in 2022 and 2023 in San Angelo, Texas at
the Angelo State University Management, Instruction, and Research (MIR) center. The
trial site was previously planted with sorghum-sudangrass, and the soil is an Angelo clay
loam (Fine-silty, mixed, superactive, thermic, Aridic Calciustoll). Thislocation was
chosen due to its proximity to the Texas A&M AgriLife Extension center and with the
unique nature of this project, it was necessary to be near the center for supplies,
resources, and access to sheep pens. Sheep were transported to and from the research site
every day treatments were applied. During the summer of 2022, plots measured 12.2m x
25.6m (40ft x 84ft) with atotal area of 312.3 m?. Eighteen sheep were used within each
plot in 2022. 1n 2023, plots measured 7.9m x 12.2m (26.6ft x 40ft) with atotal area of
96.4 m?. Grazing selectivity declines with increasing sheep density per area, therefore,
sheep number was reduced from 18 in 2022, to 10 sheep per plot in 2023. Treatments
included a 3 x 3 factorial with three grazing initiation timings (4-leaf, 8-leaf, and mid-
bloom) and three grazing termination indicators (70%, 90%, and 100% weed removal),
aswell asaweedy control and weed free check for atotal of 11 treatments. The weedy
control received no weed management practices throughout the season, and the weed-
free check was controlled chemicals and hand weeding.

Cotton was planted on June 6™in 2022 and June 7" in 2023 at 92,405 seeds per
hectare (37,636 seeds per acre) with a40-inch row spacing. PHY 480 W3FE was used
for the trial because it is a common cultivar grown in thisregion and is noted for good
establishment and early vigor. There was a 3 meter (~10-foot) alley between each range

in 2022 which accommodated maneuvering livestock trailers between alleys and plots to
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place the sheep as near as possible to the next plot. This aso alowed room for the
traveling irrigator to water between ranges, and providing space for sheep to move from
one treatment to another. Notably, due to areduced plot size, two ranges could now be
accommodated in the same area that previously held asingle range in the preceding year.
This adjustment optimized space utilization while maintaining the necessary conditions

for effective sheep management.

Rambouillet ewes were chosen for this project, as they represent a dominant
dual -purpose (wool and meat) commercial breed in theregion. The Texas A&M
AgriLife center in San Angelo houses the extension sheep and goat specialist and many
research projects to benefit sheep ranchersin Texas. The sheep used for thistrial are
from the herd maintained by faculty at the San Angelo AgriLife research center. After
treatments, sheep were returned to nearby pastures to graze freely. These sheep were
completely naive to cotton at the beginning of this research project in 2022. Between the
end of the 2022 research season (September 2022) to the beginning of the 2023

treatments (July 2023), sheep grazed open pasture.

Before sheep were introduced, irrigation access and fencing for each plot was
constructed. To water the trial, atraveling irrigator (VCI-Mk1 Irrigator, Vaughn
Irrigators, Henderson NV) with arange of nearly 110" (depending on wind conditions)
was deployed throughout the season. After each pass, the irrigator was moved to another
alley and prepared to run the next day allowing for total trial coverage each week. The

fencing system (Premierl ElectroNet® (Standard, Plus & Pro) 9/35/12 Electric Netting)
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relied on solar powered batteries to energize the el ectric fences and prevent sheep from
moving to different plots. Forty-four fences were installed to cover the entire trial and

batteries were moved from plot to plot as needed during treatments.

During each grazing treatment, notes were taken on five-minute intervals to
differentiate the number of sheep grazing weeds, grazing cotton, and how many were
idle in the plot. These numbers were converted to Sheep Grazing Minutes to determine,
in scalable units, alevel of grazing intensity required to accomplish the same amount
weed removal, and to quantify time spent grazing weeds vs. cotton. In the first and
second initiation timings, sheep were grazed in the plots two or one more time,
respectively, during the season for plot maintenance. SGM was recorded for these
mai ntenance treatments as well and added to the total SGM for each plot. SGM was
converted to Sheep Grazing Hours per Hectare (SGH ha'') to remove the effect of plot
size. For instance, in 2022, 45 SGM weretypica for both moderate and most intense
grazing intensities. This translates to 24 SGH ha in aplot covering 312 m?. Conversely,
in 2023, the same 45 SGM would equate to 72 SGH ha'?, given the smaller plot size of

104 m2.

Overhead imagery collected before and after grazing events was used to calculate
weed canopy removal, cotton canopy removal, and percentage of plot area covered by
weeds and/or cotton. Images were taken around noon the day before treatment and
around noon on the last day of each treatment. Imagej (National Institutes of Health)

software was used to analyze photos to separate green canopy from shadows and soil.



Cotton biomass was harvested on 09/30/2022 and 11/06/2023. With the severe
drought that Texas experienced in both years, it was not possible to measure or anayze
any lint yield data. Thiswas likely due to insufficient irrigation in combination with
extreme temperatures and drought. To measure final cotton biomass for both years, all
cotton plants were harvested from a 3-m length of two center rows per plot. To measure
final weed biomass for both years, all weeds (palatable and unpalatable) between the
rows in the same area were collected. Samples were weighed fresh and subsampl es of

~500 grams were weighed and dried to cal culate biomass per hectare.

Statistical analysis

Responses underwent analysis using mixed modelsin SAS 9.4. While all variables were
evaluated within sheep treatments, certain variables were solely assessed where non-
sheep checks wereirrelevant. These included SGH ha'! for both weeds and cotton after
each treatment, SGH ha' for weeds and cotton throughout the season, and the percentage
of weed reduction attributed to sheep treatment. Conversely, other responses were
examined within sheep treatments and compared to the non-sheep checks. These
included weed and cotton percentage over the plot area, the percentage of canopy
represented by weeds and cotton, and final weed biomass (kg ha') and final cotton
biomass (kg ha'l). Among sheep treatments, fixed effects were year, grazing initiation
timing, grazing intensity, and all interactions. When compared to the checks, fixed
effects were year and treatment. In both cases, random effects were block nested within

year, and plot range-row coordinates as covariates nested within year to best account for
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within-field variability among weed populations. When needed, power transformations
were applied to responses according to the Box-Cox method to meet the assumptions of
normality and homogenous variance (Box and Cox, 1964). Model estimates were back-
transformed for presentation and interpretation. Significant differences were declared at

P < 0.1 according to Fisher’s Protected LSD.

Results

The cotton growing seasons during both years of this research trial were
abnormally hot and dry. The 2022 season was one of the driest years on record, and both
years had higher average monthly temperatures during summer months compared to the
previous year (Figure 3.1). Notably, June 20th, 2023, a new record of 45°C was set. 2022
experienced a 184 mm precipitation reduction compared to the 30-year average (Figure

3.2), with the growing season (June-November) experiencing a 47 mm deficit.

Sheep Grazing Behavior

The initial amount of time sheep spent grazing weeds (SGH ha') was influenced by the
year (P = 0.0028), cotton growth stage (P < 0.0001), and grazing intensity (P = 0.0008).
In 2022, each treatment required an average of 43% fewer SGH ha* compared to 2023
(Table 3.1). The mid-bloom initiation timing necessitated 36% and 55% more SGH ha,

respectively, than the 8-leaf and 4-leaf treatments to achieve targeted weed removal
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Figure 3.1 Average monthly temperature during experimental years (2022-2023) compared
to the 30-yr average in San Angelo, Texas.
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(Table 3.3). Similarly, the most intense grazing required 33% and 43% more
SGH ha than the moderate and |east intense treatments, respectively (Table 3.3). Initial
cotton SGH ha was affected by year (P = 0.0111) and timing by year (P = 0.036).
Sheep grazed cotton 83% less in 2022 than in 2023 (Table 3.1). Initiation at the 8-leaf
cotton stage resulted in 22 SGH ha* compared to the 4-leaf cotton stage with 7 SGH ha*
in 2022, and time spent grazing cotton did not differ between the 4-leaf and mid-bloom
stages. In 2023, the initial time spent grazing cotton was not different between cotton
growth stages (Table 3.9). Initiation timing (P = 0.0021) influenced the percentage of
total SGH ha' devoted to weeds rather than cotton. The relative percentage of time spent
grazing weeds vs cotton was similar between the 4-leaf and 8-leaf initiation timings, but
sheep did spend a greater percentage of time grazing weeds vs. cotton at the mid-bloom
growth stage (Table 3.5).

Season total weed grazing time was influenced by year (P = 0.007), timing (P <
0.0001), and year by intensity (P = 0.03). Achieving target herbage removal required
35% less SGH hat in 2022 than in 2023 (Table 3.1). Grazing initiated at the 8-leaf and
4-leaf growth stages required 41% and 57% less SGH ha?, respectively, than the mid-
bloom stage. The 8-leaf and 4-leaf initiation timing resulted in 41% and 57% less SGH
ha?, respectively, than the mid-bloom initiation (Table 3.2). Grazing intensity did not
affect total SGH ha! in 2022, however the most intense grazing required 67% more
SGH ha than the moderate intensity in 2023 (Table 3.4). Season total cotton SGH hat
was affected by year (P = 0.0002) and year by intensity (P = 0.0173). Sheep spent 76%

less time grazing cotton in 2022 than in 2023 (Table 3.1). Grazing intensity did not
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affect SGH ha'! specific to cotton grazing for 2022 (Table 3.4). In 2023, the moderate
intensity experienced 38% less SGH ha'' towards cotton, than the most intense grazing
(Table 3.4).

The 4-leaf and 8-leaf growth stages resulted in no difference in percentage of
time spent grazing weeds for both initial and season long grazing measurements (Table
3.7). Sheep spent a greater percentage of time grazing weeds vs cotton at the mid-bloom
initiation timing (Table 3.7). The percentage of time grazing weeds vs. cotton was
greater for both initial and season total measurements in 2022 than 2023 (Table 3.8).
Sheep Grazing Effects on Weed reduction

Weed area reduction during grazing treatments was affected by year (P = 0.010)
and timing (P = 0.004). There was 15% greater weed reduction due to sheep grazing in
2023 (4% of plot area) than in 2022 (3.5%) (Table 3.8). The 4-leaf grazing initiation
resulted in 8% greater weed reduction than the mid-bloom treatment (Table 3.5). There
were no differences in weed reduction per plot between the mid-bloom and 8-leaf
treatments (Table 3.5).

Final Biomass M easurements and Canopy Area

Among sheep-weeding treatments, the final weed area was affected by year (P =
0.047) and year by intensity (P = 0.072). In 2022, the weed percentage of plot areawas
56% less than in 2023 (Figure 3.11). Grazing intensity did not affect the final weed area
in 2023 (Table 3.12). In 2022, the weed area percentage in the least intense grazing was
49% more than the moderate intensity (Table 3.12). Final weed area was not different

between the moderate and most intense treatments in 2022 (Table 3.12).
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When compared with the checks, year (P = 0.047) and treatment (P = 0.001)
affected weed percentage of plot area. Final weed areawas 61% less in 2022 than in
2023 (Table 3.11). Weed area was mostly similar among treatments (Figure 3.5). Among
the moderate intensities, the latest initiation had the greatest weed area coverage
(18.5%). The weed-free check had the least area covered by weeds (Figure 3.5).

Timing (P = 0.041) affected the final cotton canopy percentage among the sheep-
weeding treatments. The mid-bloom initiation (13% of plot area) resulted in 64% more
cotton canopy per plot than the 4-leaf initiation (8% of plot area) (Table 3.6) Cotton area
was not different between the 8-leaf initiation and the other timings. The weed-free
check had the least percentage of weeds compared to all treatments except the mid-
bloom initiation timing with the most intense grazing.

Among sheep treatments, year (P = 0.073) affected percent weed cover of total
canopy vegetation. Final weed canopy was 35% less in 2022 than in 2023 (Table 3.8).
Year (P = 0.080) and treatment (P = 0.017) affected weed canopy percentage when
compared with the checks (Table 3.11). Many treatments were not different (Figure 3.6).
However, the latest initiation with the most intense grazing resulted in 33% less canopy
than the earliest initiation with the least intense grazing (Figure 3.6). The weed-free
check had the least percentage of weeds compared to all treatments except the mid-
bloom initiation timing with the most intense grazing (Figure 3.6)

Final weed biomass was influenced by year (P = 0.069), timing (P = 0.036), and
year by intensity interactions (P = 0.026). 2022 resulted in 68% less final weed biomass

than 2023. The 8-leaf grazing initiation resulted in 51% |less weed biomass than the 4-
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leaf timing (Table 3.6) Weed biomass was not different with the mid-bloom initiation
timing compared to the 4-leaf and 8-leaf initiation timings (Figure 3.4). The weed-free
check had less weed biomass than all treatments (Figure 3.4)

Treatment (P = 0.009) also affected weed biomass when compared with checks.
Most treatments did not affect final weed biomass. However, the latest initiation timing
with moderate grazing intensity resulted in 56% |ess biomass than the earliest initiation
at the least intense grazing (Figure 3.4).

There was no sheep effect on final cotton biomass among sheep grazing
treatments. There was, however, atreatment effect (P = 0.055) on final cotton biomass
between sheep grazing treatments and the checks. The moderate intensity at the mid-
bloom stage yielded greater cotton biomass (700 kg hat) than the least and moderate
intensities at the 4-leaf stage (277 and 208 kg hal, respectively) and the most intense
grazing at the 8-leaf stage (260 kg ha?) (Figure 3.3). The weed free check resulted in
greater cotton biomass than all treatments except mid-bloom at the moderate intensity

(Figure 3.3).
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Table 3.1 Year effect on sheep grazing time (SGH ha') allocated to weeds vs cotton at
theinitial grazing event and season total (including maintenance grazing).

Year Weed Cotton

Initial Season Initial Season
2022 186b 329 10b 19b
2023 327a 215b 60a 78a

Table 3.2 Effect of cotton growth stage on SGH ha'* allocated to weeds and cotton at the
initial grazing and season long grazing with maintenance included at each growth stage.

Growth Stage Weed
Initial Season
4-eaf 168c? 179¢c
8-leaf 238b 245h
Mid-bloom 373a 414a

&M eans within the same column followed by the same letters are not significantly

different at the 10% probability level.

Table 3.3 Grazing intensity effect on sheep grazing time (SGH ha't) allocated to weeds
at initial grazing.

Intensity Weed
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Initial

70% 194b*
90% 229b
100% 373a

&M eans within the same column followed by the same letters are not significantly
different at the 10% probability level.

Table 3.4 Grazing intensity by year effect on sheep grazing time (SGH ha!) allocated to
weed vs cotton throughout the season (including maintenance).

Intensity Season weed SGH Season cotton SGH
2022 2023 2022 2023
70% 209a° 229b 23a 59b
90% 199a 297b 22a 69b
100% 238a 504a 1l4a 110a

M eans within the same column followed by the same letters are not significantly
different at the 10% probability level.

Table 3.5 Cotton growth stage effect on percentage of sheep grazing time (SGM) weeds
and weed reduction percentage.

Growth stage Weed SGM % Weed Reduction %°
4-| eaf 85b? 3.96a
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8-leaf 84b 3.45b
Mid-bloom 9a 3.67b

M eans within the same column followed by the same letters are not significantly
different at the 10% probability level.
b Percent reduction of the total plot area.

Table 3.6 Effect of cotton growth stage at grazing initiation on final weed biomass and
final cotton area.

Growth stage Weed (kg hal) Final cotton area (%)
4-eaf 330a° 8b
8-leaf 164b 10ab
Mid-Bloom 218ab 218ab

M eans within the same column followed by the same letters are not significantly
different at the 10% probability level.

Table 3.7 Effect of growth stage on percentage of sheep grazing time (SGH ha?) eating
weeds for initial and season measurements.

Growth stage Weed SGH%

Initial Season
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4-|esf 87b? 82b
8-leaf 86b 81b

Mid-bloom 93a 9la

&M eans within the same column followed by the same letters are not significantly
different at the 10% probability level.

Table 3.8 Year effect on initial and season total sheep grazing time (SGM) percentage
associated with weeds, weed reduction between both years, and percentage of final
canopy consisting of weeds.

Weed Weed percentage

Year Weed SGM% reduction % of canopy
Initial Season

2022 87b 82b 3.5b 39%b

2023 86b 81b da 60a

Table 3.9 Cotton growth stage effect on sheep grazing time (SGH hal) among the two
different growing seasons.

Growth stage Cotton SGH

Y ear
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2022 2023

4-eaf 7? 73a
8-ledf 22a 59a
Mid-bloom 5b 50a

M eans within the same column followed by the same letters are not significantly
different at the 10% probability level.

Table 3.11 Year effect on weed percentage of area and weed percentage of canopy.

Y ear Weed percentage of area Weed percentage of
canopy

2022 7.5b 39%b

2023 16.4a 60a

Table 3.12 Grazing intensity effect on weed percentage of plot area at harvest among the
two different growing seasons.

Weed percentage of plot area
38
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Y ear

2022 2023

70% 10.4&2 16.6a

90% 6.9b 14.8a
100% 5.6b 18a

M eans within the same column followed by the same letters are not significantly
different at the 10% probability level.
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Figure 3.3 Sheep grazing treatment effect on final cotton biomassin San Angelo, TX (2022-
2023).
aBars with the same letters are not different (P > 0.1).

450

400

AB

—ABC

ABC

] ABC
[]ABC
ABC

350

w
o
o

N
a1
o

N
(=)
o

BC

Weed Biomass kg hal

-y o

wC 4-| eaf 8-leaf Mid-bloom WFC
Cotton growth stage

#WC O070% m90% 0O100% aWFC

Figure 3.4 Sheep grazing treatment effect on final weed biomassin San Angelo, TX (2022-
2023).
aBars with the same letters are not different (P > 0.1).
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Figure 3.5 Sheep grazing treatment effect on percentage of plot area covered by weedsin
San Angelo, TX (2022-2023).

aBars with the same letters are not different (P > 0.1).
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Figure 3.6 Sheep grazing treatment effect on percentage of total canopy consisting of

weeds in San Angelo, TX (2022-2023).

aBars with the same | etters are not different (P > 0.1).
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Discussion

The findings of this experiment, influenced by drought and high temperaturesin
both years, provide valuable insights into the complexities of integrated crop-livestock
systems within controlled small-plot research settings. While irrigation sustained
measurable crop and weed growth, the suboptimal environmental conditions hindered
cotton development and lint yield. The observed impact of weather on sheep activity
within the plot underscores acritical limitation of small-plot research in fully capturing
real-world agricultural dynamics. As the season progressed, the escalating weed density
necessitated increased grazing time, exacerbated by the sheep's slower grazing pace and
prolonged resting periods in response to elevated temperatures as observed in previous
studies (Thomas 2008).

With the basis of the process being a natural aversion to cotton plants due to the
presence of gossypol rather than a condition aversion, greater selectivity towards weeds
as opposed to cotton was studied. Final weed biomass at mid-bloom initiation with
moderate and most intensive grazing was significantly different than the least intense
grazing at the 4-leaf stage (Figure 3.4). While cotton biomass was similar anong many
treatments, this finding supports a natural selectivity towards the weeds.

The initiation timings of 4-leaf, 8-leaf, and mid-bloom growth stages were
chosen to establish thresholds of when is “too early” and when is“too late”. The 4-leaf
stage showed little selectivity between weeds and cotton (Figure 3.7). As aresult, the 4-
leaf stage at moderate intensity had greater cotton remova when compared to the

moderate intensity at mid-bloom.
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Figure 3.7 Change in sheep selectivity towards weeds vs cotton throughout at each growth
stage.
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Figure 3.8 Mature Palmer amaranth stripped of leaves and seeds after treatment.



Figure 3.9 Weed popul ation difference between grazed (right) and non-grazed(left) plot in
2022.
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Xi-feng (2012) states that the critical weed free period in cotton is 4-8 weeks
after planting. By the time the mid-bloom plots will receive treatments (~2.5-3 months
after planting) weeds have aready influenced yield and a sheep weeding treatment may
only carry risk towards the cotton crop.

Animut et al. (2005), found that increased stocking rate and smaller areas
resulted in reduced selectivity among forage. This was the reason for the stocking rate
reduction when plot size decreased. Initial protocol was to regulate grazing intensity by
releasing a different stocking rate per plot with the least, moderate, and most intense
receiving 3, 6, and 9 sheep, respectively. The gregarious habits of sheep were evident as
they jumped and ran over fences to socialize with othersin adjacent plots. To solve this
issue, a set number of sheep were placed in each plot at each intensity. Then, as they
grazed, observed visual differences were used to determine sufficient weed removal at
each intensity.

A common inquiry into the application of this system is the necessary stocking
rate. This number is currently unavailable as the weed density per plot is susceptible to
change. For this system to be successful, it will require management while the sheep are
in the field to prevent outstanding cotton damage if weeds are not prevaent, and they
transition to grazing cotton. Ideally in afield setting, sheep would have the ability to
come and go throughout the field as desired with access to water and hay.

The increase in cotton consumption relative to weeds during treatments in 2023
suggests a notabl e shift in grazing behavior, potentially influenced by favorable weather

conditions and the emergence of new growth. The absence of direct contact between
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sheep and cotton outside of the growing season highlights the significance of seasonal
dynamicsin grazing behavior. The lack of exposure to cotton plants outside of the
designated grazing periods suggests that sheep may exhibit an increased affinity for
cotton after exposure in the previous year. This hypothesis aligns with the documented
preference of herbivores, such as sheep, towards actively growing vegetation, which
may have contributed to the observed increase in cotton consumption.

As selectivity towards weeds increases throughout the season, this could be
beneficial for targeting late season weed escapes (Figure 3.7). Seed rain from these
plants leads to persistence and increased weed seedbank numbers. Werner et a (2020),
reported Palmer amaranth (Amaranthus palmeri) could deposit 13.9 million seeds hat in
afield with 5.1-8.1% infestation. Palmer amaranth is the most prevalent |ate season
weed escape (Werner 2020) and is also palatable to sheep (Figure 3.8). An integrated
system could benefit a conventional herbicide program where sheep can be used to target
late season weed escapes and reduce seed rain.

Conclusion

Results of the study demonstrate the potential for sheep grazing treatments in
mitigating weed growth, as evidenced by reductions in final weed biomass observed
across both years. The nuanced influence of timing and intensity of grazing on weed
management outcomes highlights the importance of careful consideration of these
factors to optimize weed control efficacy. Sheep as a sole method of weed control may

not be advised at this point.
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However, the study also revealed challenges and limitations associated with
sheep grazing as a weed management approach. Variability in weed reduction outcomes
across different treatments and growing seasons suggests the need for further refinement
of grazing strategies. While sheep grazing presents promising prospects for weed
reduction, further research is needed to address potential trade-offs with crop
productivity and improve grazing strategies. Integration with conventional systems may

offer asmoother transition and benefit producers with access to sheep.
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CHAPTER IV
CONCLUSIONS

Thistria highlights afundamental challenge: extrapolating findings from small-
scale experiments to the field scale, where sheep could potentially graze earlier in the
mornings and later in the evenings. The discrepancy between experimental conditions
and real-world scenarios requires cautious interpretation of results and prompts
speculation about potential outcomes on a broader scale. While small-plot research
serves as avaluable tool for hypothesis testing and preliminary investigations, its
inherent limitations reveal the importance of complementing such studies with field-
scale observations and experiments to provide a more comprehensive understanding of
this dynamic system.

Results of this study indicate that integrating sheep grazing into production
systems could be a potentia tool to help farmers interested in reduced herbicide/organic
weed management practices. Further refinements of grazing intensities and timings as
well as an analysis of the farmers’ needs is necessary when considering adoption. This
research identifies that there is greater selectivity towards weeds as cotton matures. With
that being the case, there is still more to understand about how to best coordinate this
system so that weed removal is achieved while minimizing cotton damage.

Economic impacts outside of weed management should also be considered with
this project. If farmers currently own sheep, adoption of this program may be more
feasible than afarmer who does not raise sheep. The possibility of renting or buying

sheep will have to be weighed against the benefits they could experience. This should be
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determined in a specific case by case basis rather than a general application so that
unnecessary changes are made that could cost the farmer if this program is not the best
fit for their operation.

Future research will explore variations of this project. Difference in cotton
varieties (Pimaand upland) may shed light on the sheep’s response to lower gossypol
concentrations. Studying lamb vs ewes could capitalize on the greater toxicity towards
lambs and if that plays arolein even greater weed removal rather than cotton. During
this research only one sheep breed was used for both years. Trials will also analyze
differences of breedsto compare grazing habits and preferences. Both studies will help

to advance the development of integrated crop-livestock systems.
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