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Abstract: Novel grazing management practices for livestock and bee health are becoming increasingly
crucial in pasture-based farming systems. The effect of pasture type and spring closing dates on
lamb liveweight gain, pasture production, botanical composition, bloom density and bee visitation
was monitored over 2 years. Total annual dry matter yield (DMY) of diverse pastures in 2020/2021
was 8.8 t DM ha−1. This yield was greater than the DMY obtained from both simple (7.6 t DM ha−1)
and legume pastures (6.6 t DM ha−1). In 2021/2022, the total annual DMY of simple (8.6 t DM
ha−1) and diverse pastures (9.0 t DM ha−1) was similar. However, the legume pastures produced
27–30% less than simple and diverse pastures. In successive years, lambs grew faster in legume
pastures (287, 215 g per head d−1) than diverse (207, 151 g per head d−1) and simple pastures
(204, 132 g per head d−1). However, spring liveweight production (kg ha−1 day−1) from pastures
did not differ due to the lower stocking density of legume pastures as compared to the other two
pasture mixtures. Bloom density (flower/m2) and bee visitation (bees/min−1 m2) were 16 and
40 times greater with legume rather than simple pastures. Bloom density for diverse pastures was
also relatively lower than for the legume pastures. Our findings indicated that the diversification
of pastures greatly increased pasture productivity, while legume pastures provided the highest bee
benefit without penalizing lamb liveweight production in spring.

Keywords: lamb growth; closing dates; pasture diversity; ecosystem benefits; pollinator health

1. Introduction

Demand for sustainable management of pasture-based animal production has been
increasing in recent years due to rising consumer trends seeking natural and healthier
food sources [1]. As a result, there has been a growing emphasis on pasture-based systems
that deliver not only greater animal production but also offer broader benefits to the
ecosystem and the environment. The main goal when choosing pasture mixtures for a
given environment is to ensure persistent and productive stands that provide high-quality
forages without causing any detrimental effects to the health of grazing animals. Diverse
pastures containing a variety of herbs provide high-quality forage for both grazing animals
and pollinating insects, which can help in creating a pasture system that can improve
livestock production and health while providing a number of ecosystem benefits. The
diversification of pastures has been shown to provide greater benefits to both grazing
animals [2,3] and pollinators [4,5].

The Pacific Northwest (PNW) region encompassing the states of Washington, Oregon,
and Idaho between the Rocky Mountains to the east and the Cascade Range to the west [6]
has a total of 11,680,118 hectares of pasturelands and rangelands [7–9], and is home to a
wide variety of native bee species (approximately 900) [10]. This diverse bee community
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provides valuable pollination services, benefitting the region immensely [11–13]. The
region is also one of the largest stocks of honey bee (Apis mellifera L.) for the pollination
of California almonds, which is the most valued agricultural crop pollination service in
the United States [14]. The physical and climatic characteristics of the PNW are highly
conducive to establish honey bee pasture and pollinator habitat conservation. However,
the PNW has lagged behind other regions (such as the Great Plains) in its efforts for
pollinator habitat conservation [15]. Additionally, a combination of changing land-use
away from nectar- and pollen-bearing field crops (e.g., clover seed) towards crops that
do not provide these resources (e.g., wine grapes, and hazelnut) and hotter and drier
summers are decreasing the extent summer bee forage, which is strongly linked the success
of many bee species [16–18]. Thus, there is a need to investigate management practices to
promote pollinators in pastures by incorporating multiple plant species and shifting from
simple pastures to diversified pastures without reducing grazing animals’ forage quality
and quantity [19,20]. With the diversified and legume pastures proving to be beneficial to
lamb growth and bee health, creating a dual-use pasture system that benefits them both
is of great need. Even small improvements in grassland diversity enhance the delivery of
pollination services [4]. Thus, it is possible to design pasture mixtures and manage them
for high animal production and pasture persistence, as well as nectar and pollen for bees.

Notable examples of plant species suitable for the PNW with the potential to benefit
pollinators as well as grazing animals include Trifolium repens (white clover), Medicago sativa
(alfalfa) Lotus corniculatus (birdsfoot trefoil), Trifolium michelianum (balansa clover), Tri-
folium pratense (red clover) as well as Cichorium intybus (chicory) [21]. The combination
of these species has the potential to increase forage production, animal liveweight gain,
antiparasitic properties [3,22] as well as a nectar and pollen source [23]. Furthermore,
pasture management can be adjusted to promote bee abundance and diversity without
compromising animal production [24]. For instance, applying intermediate grazing inten-
sity or closing pastures from grazing in late spring (stockpiling) can improve the floral
bloom density and consequently bee visitations when the nectar source is most needed in
summer [25]. Earlier closing can also help the regeneration of cool season annual legumes
in dryland pastures [26,27].

Thus, in this study, we investigated the effects of pasture diversification and spring
pasture closing dates on pasture production, lamb growth, bloom density and bee visita-
tions utilizing pasture species with the potential to benefit pollinators as well as grazing
animals. We hypothesized that diversified and legume pastures will provide greater lamb
growth rates and increase pollen and nectar availability in summer as compared to simple
pastures; and that the early closing of pastures will increase the abundance of blooms and
therefore promote greater bee visitations.

2. Materials and Methods
2.1. Site

This study was conducted at Oregon State University Farm in Corvallis, Oregon
(44◦34′ N, 123◦18′ W 78 m a.s.l.), in 2021 and 2022. All procedures were approved by
the Institutional Animal Care and Use Committee (ACUP 0152). The soil in the site was
primarily Amity silt loam with 0–3% slopes [28]. Soil tests conducted by Oregon State
University Soils Health Laboratory indicated the site had the following conditions: organic
matter, 6.4%; available P (Bray), 113 ppm; Ca, 12.5 meq/100 g; Mg, 4.5 meq/100 g; K,
280 ppm; and soil pH(w), 5.3.

2.2. Meteorological Conditions

Overall, the mean air temperature followed a similar trend with long-term means
(LTMs) except the mean monthly air temperatures were higher than usual in fall 2020 and
colder in spring 2022 (Table 1). The rainfall was 65% less than long-term means in spring
2021, while it was 47% greater than usual in spring 2022.
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Table 1. Monthly rainfall and mean daily air temperatures over two growing seasons.

Months
Air Temperature (◦C) Rainfall (mm)

2020/2021 2021/2022 LTM * 2020/2021 2021/2022 LTM *

September 17.9 17.4 16.8 50 72 34
October 12.4 11.3 11.9 46 70 81

November 6.8 9.3 6.7 181 127 174
December 5.5 4.8 4.5 180 269 194

January 6.1 4.4 4.7 211 119 160
February 5.5 5.0 6.2 160 39 133

March 6.7 8.6 8.2 55 111 111
April 10.9 8.0 10.1 13 146 79
May 13.3 12.0 13.1 22 113 60
June 19.3 16.7 16.1 44 60 36
July 21.1 - 19.3 0 - 14

August 20.8 - 19.4 0 - 13
* LTM: Long-term means of air temperature and rainfall are for the period 1997–2018.

2.3. Pasture Establishment and Experimental Design

Pasture treatments were established in a 1.332 ha plot on October 1 in 2020. Prior to
establishment, pasture paddocks were divided into four equal blocks to serve as replicates
for the experiment. Each block was divided into 3 subplots, which were randomly allocated
to a combination of (1) simple, (2) diverse and (3) legume pastures, giving a total of
12 plots, each covering an area of 0.111 hectares (30 m × 37 m.). Pastures were further
divided into three equal subplots (12.3 m × 30 m.) to apply rotational grazing. These
subplots also served as different closing date (early, mid and late) treatments in both years
(see Section 2.4).

The experimental design was a split plot design where the pasture mixtures were
the main plot and the closing dates were the subplot treatments. Pasture mixtures were
sown with a no-till seeder (Land Pride, Great Plain Manufacturing, Salina, KS, USA). All
the legumes were inoculated with appropriate Rhizobia strains. The species sown and
the seeding rates (kg ha−1) of each pasture mixture are presented in Table 2. Urea (46-0-0)
fertilizer was applied at a rate of 50 kg N ha−1 at sowing in fall of 2020. In spring 2021 and
2022, prior to the commencement of grazing, urea sulfate (Ureasul, Wilco © Wilco-Winfield
LLC, Mt. Angel, OR, USA) fertilizer (33-0-0-12) was applied at 50 kg N ha−1. In January
2020 and December 2021, post-emergence, grass-specific herbicide (26.4—Clethodim) was
applied at a 443 mL ha−1 ai. rate in legume pastures to kill the volunteer grass weeds.

Table 2. Species grown in each treatment type and seeding rates used (kg ha−1) in the experiment.

Species Scientific Names Variety
Sowing Rate kg ha−1

Simple Diverse Legume

Perennial Ryegrass (G) Lolium perenne Albion 15 10
Festulolium (G) Festulolium Perseus 5 5

Orchard Grass (G) Dactylis glomerata Quickdraw 5 3
White Clover (L) Trifolium repens Domino 4 2 3

Subterranean Clover (L) Trifolium subterraneum Campeda and
Denmark 20 10 10

Red Clover (L) Trifolium pratense Dynamite 3
Balansa Clover (L) Trifolium michelianum Savi Paradana 2 2
Berseem Clover (L) Trifolium alexandrinum Frosty 2 5
Birdsfoot Trefoil (L) Lotus corniculatus Bruce 5 3.5

Bigleaf Trefoil (L) Lotus pedunculatus Not Specified 3.5
White Sweet Clover Melilotus alba Hubam 1
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Table 2. Cont.

Species Scientific Names Variety
Sowing Rate kg ha−1

Simple Diverse Legume

Chicory (H) Cichorium intybus Antler 2
Plantain (H) Plantago lanceolata Boston 4
Yarrow (H) Achillea millefolium Not Specified 0.2
Phacelia (H) Phacelia tanacetifolia Angelia 1

TOTAL 49 46.2 31

G = Grass; L = Legume; H = Herbs.

2.4. Grazing Management

Weaned, 2.5-month-old Polypay lambs (mixed sex) were blocked by weight
(21.4 ± 4.04 kg) in 2021 and (25 ± 4.53 kg) in 2022, and by sex, and then randomly as-
signed to treatments. A put-and-take grazing system was implemented, allowing regulator
animals to move between treatment plots and be removed as needed with the changing
supply of forage [29]. Each treatment had a core group of 3–6 weaned lambs (testers) with
3 spare lambs (regulators) used in a put-and-take grazing system to match feed demand
with fluctuating supply. Lambs had free access to forage, mineral blocks, and clean water
in troughs connected to a water supply.

All pasture mixtures were rotationally grazed with a flock of lambs in each plot grazing
one subplot while the other two subplots were rested. Stocking density of the plots was
dependent on the availability and growth rates of forages within the plot and ranged from
27.0 to 63.1 lambs per hectare. In 2021, sixty-five lambs grazed beginning in the simple
and diverse pastures on 12 April, the legume plots were delayed due to a slower forage
growth, and once sufficient, began grazing on 27 April. Lambs were moved between
their respective subplots every 7–10 days depending on forage availability in the subplot
currently being grazed, and the availability in the subplot the lambs were intended to move
into. To quantify the effect of the stockpiling strategy on the nectar production of pastures
in June-August and potential of self-regeneration of annual legumes, pastures were closed
on 12–14 May, 26–28 May or 8 June. Following spring grazing, pastures were destocked for
stockpiling the forages and providing forage for bees until Mid-July-August. Stockpiled
pastures were grazed by dry ewes in August before the fall rains activated the pasture
growth and germination of self-regenerating annual legumes. In spring 2022, grazing
started on 28 March and ran through 16 June. The closing dates were 27 May, 6 June, and
16 June.

2.5. Management of Plots Outside Spring Experimental Period

Two groups of 30 mature Polypay ewes were turned onto pasture plots where each
plot was only grazed one time, with simple and diverse pasture plots being grazed for two
days at a time, and legume plots grazed one day at a time before moving to the next plot
from 9 August and 19 August 2021. In Fall 2021, forty mature Polypay ewes were placed
into simple and diverse pastures (five in each plot) and grazed until 12 November 2021.
Legume plots were not grazed at this time due to a lack of forage availability. Plots were
mown in summer 2022, while they were spelt in fall due to lack of forage growth.

2.6. Measurements
2.6.1. Pasture Dry Matter (DM) Production

Pasture dry matter (DM) was measured using 1 m2 exclosure cages during active
growth in spring, summer, and fall. No samples were collected in the winter months as
there was minimal pasture growth due to cold temperatures and heavy rains. Forage
growth was harvested from under each cage using a rectangular 0.25 m2 quadrat and
electric clippers to cut the forage to a stubble height of 3 cm. After cutting the forage, a
new area of each subplot was mowed to a stubble 3 cm height and the exclosure cage was
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placed there for the next growing period. Forage cuts obtained from under the cages were
then sub-sampled and sorted into their respective botanical species before being dried in an
oven at 65 ◦C for 48 h and then weighed. Total DM production (kg DM ha−1) was divided
by the number of days elapsed since the previous harvest to determine the mean daily
growth rates (kg DM ha−1 day−1).

2.6.2. Lamb Production

To determine LWG (g head−1 day−1), individual tester animals were weighed prior to
and following each grazing period. LWG was determined by the change in weight between
each live weight measurement date. Further, liveweight production (LWP) (kg ha−1 d−1)
was determined by taking the liveweight gain per head of tester lambs, multiplied by the
number of testers plus regulator lambs per hectare.

2.6.3. Pasture Mass on Offer

Pre- and post-grazing pasture mass (kg DM ha−1) was measured using a rising plate
meter (PM; Jenquip, Feilding, New Zealand). Walking in a zig-zag pattern, 30 measure-
ments were collected in subplots prior to lambs entering the subplots during rotation to
obtain the pre-grazing pasture mass. Additionally, 30 measurements were taken in the sub-
plots after lambs rotated out of them to obtain the post-grazing pasture mass. Rising plate
meter measurements were calibrated by regression against the herbage mass using 0.25 m2

quadrats. Calibrations of herbage pasture mass were performed initially on 6 April 2021,
with 1 quadrat in each simple and diverse subplot for a total of 24 data points. In 2022,
calibration cuts were performed on 22 March with 1 quadrat in each plot for a total of 12
data points. Calibration cuts were repeated 6 July, and 27 July with 2 quadrats in each
subplot for a total of 72 data points.

2.6.4. Botanical Composition and Nutritive Value of Pasture on Offer

A total of 30–50 pluck samples, representative of the forage available to the lambs,
were hand collected in a random pattern across the subplots prior to moving the lambs into
them. Pluck samples were sorted into subsamples and sorted into their respective botanical
species (i.e., grass, legume, herb, weed, and dead material) and dried in an oven at 65 ◦C for
48 h. Dry weights of the pluck sample and botanical species were then used to calculate the
percentage botanical composition of the samples. A well-mixed bulk sample was ground in
a Wiley mill using a 1 mm stainless steel screen (Thomas/Wiley, Swedesboro, NJ, USA) for
chemical analyses using the Association of Official Analytical Chemists methods [30]. The
ground sample was used to perform chemical analyses. NDF and ADF were performed
following the methods described by Van Soest et al. [31] using an Ankom200 Fiber Analyzer
(ANKOM Technology Corp., Macedon, NY, USA). Crude protein (CP) was analyzed using
a LECO N analyzer (LECO FP828, MI, USA). Ash was analyzed (method 942.05), and
ether extract (EE) was analyzed (method 920.39). Total digestible nutrients (TDN%) was
calculated using the following formula: TDN% = 82.38 − (0.7515 × ADF).

2.6.5. Fecal Egg Counts

Individual fecal samples (~10 g) were taken from the rectum of each lamb using
a powder-free latex examination glove. Fecal egg counts (Strongyle) were obtained at
random from test animals in each treatment at the start of the trial on 12 April 2021, and
28 March 2022. Previously, tested animals were then sampled again at the conclusion of the
trial on 6 June 2021, and 18 June 2022. Samples were taken to the Oregon State University
Veterinary Diagnostic Lab and viewed for eggs per gram (EPG).

2.6.6. Bloom Density and Bee Visitations

Bloom density was measured using a rectangular 0.25 m2 quadrat. Subplots were
divided into numbered areas and a number randomizer was used to determine each place-
ment. The quadrat was placed in each subplot three times and each flower in bloom was
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counted and organized into its respective species. In 2021, measurements were taken in
each subplot weekly starting on 23 April and concluding on 27 July. In 2022, measurements
were taken weekly in each subplot starting on 5 May and concluding on 3 August. Bee visi-
tations were measured using a variable transect walk [32] in five- or ten-minute increments
by walking back and forth in the subplots for the appointed time and counting bumble bees
and honey bees when seen visiting a flower (five minutes with two people and 10 min with
one person). In 2021, bee visitations were measured on a weekly basis in each closing date
subplot, starting on 23 April and concluding on 27 July. In 2022, visitations were measured
on a weekly basis in each legume subplot and rotating through simple and diverse subplots
weekly. In 2022, bee visit observations started on 16 May and concluded on 3 August.

2.6.7. Seedling Numbers

As an indicator of the effects of spring grazing management on persistence of bal-
ansa and subterranean clover, seedling numbers were counted in three randomly placed
0.01 m2 quadrats in each closing date plot in all three pasture types on 4 November 2020,
1 November 2021 and 1 October 2022.

2.7. Statistical Analysis

Annual DM production was analyzed by ANOVA in a completely randomized design
with four replicates (block). Pasture growth rates, botanical composition, LWG of lambs per
head (g hd−1 d−1) and per hectare (kg ha−1 d−1) were analyzed by one-way ANOVA with
four replicates for every measurement period. Pasture nutritive value and herbage mass on
offer values were averaged across each rotation and analyzed in a complete randomized
design with four replicates. Fecal EPG values were analyzed in a complete randomized
design with four replicates (block), using pastures as the experimental unit. Bloom density,
bee visitations and seedling numbers were analyzed in a split–split plot design where
pasture mixtures were the main plot, closing dates were the sub-plot and the sampling
period was sub-subplot. No statistical analysis was performed for the bloom composition
since the comparison among treatments was not possible. This was because the blooming
species were not common to each treatment. Significant differences among treatment
means were compared by Fisher’s protected least significant difference at p < 0.05. The
computations were conducted using GENSTAT statistical software (v. 22).

3. Results
3.1. Pasture Dry Matter (DM) Production

In the 2020/2021 growing season, the total annual dry matter yield (DMY) of diverse
pastures was greater (p < 0.01) than the DMY of simple grass-dominated, and legume
pastures (Figure 1a). In the 2021/2022 growing season, the total annual DMY of simple and
diverse pastures were similar. However, the legume pastures produced 27–30% less than
simple and diverse pastures.

In 2021, the herbage growth rates (kg ha−1 d−1) displayed a sharp increase at the
beginning of April with diverse pastures being the greatest (10.1 kg ha−1 d−1) followed by
simple pastures (8.8 kg ha−1 d−1) and no growth for legumes due to the delay of growth
(p < 0.01; Figure 1b). In early May, the trend continues with diverse pastures having the
greatest growth (80.5 kg ha−1 d−1) followed by simple pastures (76.6 kg ha−1 d−1) and
then legume pastures (15.1 kg ha−1 d−1) (p < 0.01). Through the rest of the year until early
December, the herbage growth continued to decline, However, the amounts per treatment
were insignificant (p > 0.01). In 2022, from late March until late May, there was an increase
in herbage growth among all treatments, but the total growth between treatment types was
insignificant (p > 0.01). However, beginning in late May, differences between treatment
types were significant (p < 0.01) where diverse pastures were greater than simple pastures,
followed by legume pastures (78.5, 75.1 and 50.2 kg ha−1 d−1), respectively. In late June,
herbage growth continued to increase with simple pastures having the greatest growth,
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followed by diverse pastures, and then legume pastures (91.5, 82.4, and 59.1 kg ha−1 d−1),
respectively (p < 0.01).
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Figure 1. Total annual accumulated dry matter (DM) production (a) (t ha−1 y−1) and herbage growth
rates (b) (kg ha−1 d−1) for simple, diverse and legume pastures from 2010 to 2022. Bars represent
standard error mean (SEM). Different letters show significant differences among pasture treatments
(p < 0.05) (a). * = when ANOVA was significant (p < 0.05) (b).

Percentage of legumes, sown grasses, total forbs (legumes and herbs), dead material,
and weeds for each pasture type for both 2021, and 2022 are presented in Figure 2a–e.
Percentage of legumes in both the diverse and simple pasture remained similar across both
years (Figure 2a), while the percentage of sown grass in the diverse and simple pasture also
remained similar across both years (all p > 0.05; Figure 2c). The percentage of total forbs
in the diverse and simple pastures remained similar through 2021 and up until April of
2022 when there was an increase (p < 0.05) in the forb content of the diverse pastures. Total
forbs remained highest across both years in the legume pasture and had a gradual decline
from May of 2021 until July of 2022. Dead material was similar across all treatment types
through both years (all p > 0.05; Figure 2e). The percentage of weeds did not differ between
simple and diverse pastures, but legume pastures had the greatest (p < 0.05) percentage of
weeds which stayed constant through May of 2022 before peaking to its highest point in
July of 2022.
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3.2. Lamb Production

In both years, the lamb growth rates (g hd−1 d−1) from legume pastures were greater
(p < 0.01) than the other pasture types (Table 3). However, the LWP (kg ha−1 d−1) from all
three pasture types were comparable (p = 0.23). Lambs grew faster in the first half of spring
in both years. Their growth rates reduced as the season progressed. The diverse pastures
provided greater (p < 0.01) lamb total liveweight production than simple pastures and
legume pastures by 38 and 220 kg ha−1, respectively, in spring 2021. While the total lamb
liveweight gains were 745, 628 and 581 kg ha-1 for diverse, simple and legume pastures,
respectively, in 2022, the difference was not significant (p = 0.20).
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Table 3. Mean liveweight gain (g hd−1 d−1) and production (kg ha−1 d−1) of lambs from simple,
diverse and legume pastures over three grazing periods in 2021 and two grazing periods in 2022.

Year Period Simple Diverse Legume SEM p

Liveweight gain (g hd−1 d−1)

12–27 April 220 235 - 6.3 0.19
2021 27 April–10 May 224 252 316 21.4 0.05

10 May–8 June 172 b 174 b 259 a 14.3 0.01

2022 28 March–6 May 181 c 220 b 291 a 10.6 0.01
6 May–16 June 82 79 140 21.6 0.15

Liveweight production (kg ha−1 d−1)

12–27 April 11.9 12.7 - 0.35 0.19
2021 27 April–10 May 12.1 13.6 12.1 1.66 0.76

10 May–8 June 9.3 9.4 9.9 0.80 0.83

2022 28 March–6 May 11.0 13.9 11.8 1.09 0.24
6 May–16 June 5.0 5.0 4.0 0.96 0.69

Total liveweight production (kg ha−1)

2021 12 April–8 June 666 b 704 a 446 c 38.7 0.01
2022 28 March–16 June 628 745 581 58.7 0.20

LWG = liveweight gain; LWP = Liveweight production (kg/hectare/day) LWG × stocking rate (number of
animals per hectare); Total LWP = LWP × grazing duration (days); Different letters within rows show significant
differences (p < 0.05). SEM = Standard error of means.

3.3. Pasture Mass, Botanical Composition and Nutritive Value of Pasture on Offer

Pre-grazing pasture mass (kg DM ha−1) in spring of 2021 and 2022 is presented
in Figure 3a,b. In 2021, pre-grazing herbage mass of pasture mixtures ranged from
1812 kg DM ha−1 to 2802 kg DM ha−1 and was comparable across pasture types at each
rotation (all p > 0.05). In 2022, simple and diverse pastures had a similar pre-grazing
herbage mass, ranging from 1740 to 1976 kg DM ha−1. However, legume pastures had
approximately 300 kg DM ha−1 less (p < 0.0) herbage on offer than grass-based pastures
throughout the grazing period.

The proportion of forbs (legume + herbs) in herbage on offer in spring of 2021 and
2022 are presented in Figure 3c,d. In 2021, the forb content of diverse pasture was greater
(p < 0.05) than that of simple pastures during rotations 1 and 3 but similar (25.7 vs. 14.5%)
in rotation 2. Legume pastures had a substantially greater (p < 0.01) forb content than
other pastures, ranging from 81.8% in rotation 2 to 65.3% in rotation 3. In spring 2022, the
forb content of simple pastures was negligible (>2%), while diverse pastures had over 40%
forb content in rotation 1. Legume pastures had the highest forb content during the same
rotation period. The forb content of the simple pastures went up to 10% in the second
rotation, but this was still substantially lower (p < 0.01) than the forb content in diverse and
legume pastures. In rotation 3, the forb content of the legume and diverse pastures was
comparable (51.1% vs. 59.4%) but greater than simple pastures which had only a 15.4%
forb content.

In 2021, TDN content (%) of pasture on offer remained similar (all p > 0.05) across
treatment types through all rotations, except for the diverse pasture which showed a
decrease in TDN in the third rotation (Figure 3e,f). In 2022, the TDN content of pastures
ranged from 62.5 to 68.2% and it was relatively stable across the rotations. The TDN content
of legume pastures tended to be greater than simple pastures in rotation 1 (p = 0.05) and
rotation 2 (p = 0.07). All pastures had a similar (p = 0.72) TDN content in rotation 3.

3.4. Fecal Egg Counts

In 2021, EPG counts did not differ among the three pasture mixtures (all p > 0.05)
(Table 4). In 2022, EPG counts were lower (p < 0.05) for lambs grazing diverse pastures than
simple pastures at the end of the grazing trial.
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Table 4. Total egg counts (Strongyle) of lambs grazing simple, diverse and legume pastures in spring
2021 and in 2022.

Dates Diverse Simple Legume SEM p

12 April 2021 212 288 129 91.9 0.51
6 June 2021 92 138 115 29.6 0.58

28 March 2022 622 1030 331 285.5 0.29
18 June 2022 289 a 1247 b 621 ab 197.2 0.05

Different letters within rows show significant differences (p < 0.05).
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3.5. Bloom Density and Bee Visitations

Averaged across the entire grazing period, bloom density of pastures was 1.9, 8.7
and 50.4 flowers per m2 for simple, diverse, and legume pastures, respectively, in 2021
(Figure 4a,b). A pasture treatment × period interaction (p < 0.01) was detected as the bloom
density for simple pastures was low and relatively stagnant as compared to diverse and
legume pastures. In both 2021 and 2022, simple and diverse pastures had a similar trend
for bloom density. In 2021, legume pastures had a high bloom density at the beginning of
the season and began to gradually decline starting in late May until terminating in July.

In 2022, the bloom density in legume pastures remained somewhat constant through-
out, aside from mid-June and mid-July, where bloom density decreased (Figure 4c,d). There
was a three-way interaction (p < 0.01) among pasture treatment, closing date, and period
for bloom density for the grazing period following the first closing date. Neither the closing
date, nor the period had any effect on simple grass pastures for bloom density. Earlier
closing of legume pastures led to greater bloom density as compared to mid and late closing
dates, but the difference in bloom density induced by closing dates disappeared after the
first week of July.
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Bee visitation across 2021 was similar between simple and diverse pastures, with
the highest (p < 0.01) visitations being displayed in the legume pastures (Figure 5a,b). A
three-way interaction (p < 0.01) was detected among pasture treatment, closing date, and
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period for bee visitations. Bee visitations in legume pastures had a peak in early May
and began to decrease sharply starting in mid-May until they were comparable to simple
and diverse pastures in early July. The closing date treatments did not have any effect on
the bee visitations for simple and diverse pastures, but bee visitations were higher with
earlier closing (first) then mid (second) and late (third) closing for legume pastures. In 2022,
bee visitations were similar (p > 0.05) across treatments, with legume pastures showing a
slightly higher number of visitations (Figure 5c). In 2022, no discernable differences among
closing dates were observed for the bee visitations (Figure 5d).
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In 2021, balansa clover dominated the legume and diverse pastures through mid-
June (Figure 6a). In the legume pastures, there was then a shift to white and berseem
clover beginning to dominate the pasture, and in late July, weeds and red clover made an
appearance. In the diverse pastures, white clover was the main component of the blooming
flowers. In mid-June until mid-July, plantain and chicory bloom predominated. In the
simple pasture, sub clover dominated through mid-May, when white clover then took over
through mid-July. In 2022, balansa clover was the prominent clover in the legume pastures
through mid-June, where there was then a shift to white clover until mid-July when weeds
took over. However, the broadleaved weeds (predominantly Crepis spp. and Rumex crispus)
were also a major component of the blooming plants ranging approximately from 20 to 40%.
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Toward the end of July, broadleaved weeds were the plants that predominantly contributed
to the blooms.
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3.6. Closing Date Effect on Persistence of Annual Legumes

The number of established sub clover plants on 4 November 2020 was 100, 146 and
208 plants per m2 in diverse, legume and simple pastures, respectively, whereas the number
of established balansa clover numbers was 96 and 104 in diverse and legume pastures,
respectively (Table 5). The subterranean clover seedling numbers were similar in legume
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and diverse pastures, but they were lower (p < 0.01) than simple pastures on 1 November
2021. Early and mid-closing dates resulted in a similar number of seedlings, but late
closing resulted in a fewer (p < 0.05) number of established sub clover seedlings. While
the closing dates in previous spring did not affect (p = 0.90) the established number of
balansa clover seedlings, the legume pasture had a substantially greater (p < 0.01) number
of seedlings than diverse pastures. In fall 2022, the effect of pasture type on subterranean
clover seedlings was not significant, while closing earlier on 27 May resulted in a greater
(p < 0.05) than established number of seedlings than closing on 16 June. The number of
established balansa clover seedlings was virtually none in diverse pastures. The effect of
closing date on balansa clover seedling in legume pastures was not significant (p = 0.93).

Table 5. Effects of closing dates on seedling numbers (plant m2) of subterranean and balansa clover
in subsequent fall 2021 and in 2022.

Subterranean Clover

Year Closing Date Simple Diverse Legume SEM
p Values 1

TRT CD TRT × CD

12–14 May 558 217 500
2021 26–28 May 1142 425 650 128.4 0.01 0.01 0.43

8 June 908 500 617

27 May 250 300 313
2022 6 June 131 188 206 69.9 0.23 0.05 0.54

16 June 150 50 269

Balansa Clover

12–14 May - 167 2300
2021 26–28 May - 125 2531 215.3 0.01 0.90 0.80

8 June - 196 2406

27 May - 413
2022 6 June - 456 97.5 0.93

16 June - 456
1 TRT = Treatments; SEM = Standard error of means; CD = Closing dates.

4. Discussion
4.1. Forage Production

Total annual forage production was strongly influenced by the erratic weather con-
ditions over the two-year study period. Specifically, in spring of 2021, there was a 65%
decrease in rainfall when compared to the LTM. In contrast, in spring of 2022, there were
wetter conditions, with a 46% increase in rainfall when compared to the LTM. Furthermore,
slightly warmer and wetter conditions in fall of 2021 induced favorable conditions for
germination and growth for the self-regenerating annual legumes. This in turn helped
legumes with higher forage production in early spring compared to the previous year,
allowing for the earlier commencement of the grazing season. In contrast, the late onset of
rainfall in fall of 2022 resulted in negligible forage growth for that season and could not
support fall grazing.

The value of diversification of pastures using pasture forbs was particularly high-
lighted in the drier-than-usual spring conditions of 2021. However, the same benefit was
not as obvious in a wet spring when simple and diverse pastures had a similar DMY in
2022. This was possibly due to the greater summer growth potential of forbs with deep
tap roots, in particular when the soil moisture was limiting. A number of studies have
noted the same value of diversification. For example, Woodward et al. [33] indicated that
when simple grass pastures were diversified with other plants such as clovers, chicory, and
plantain, there was a greater DM production through the warmer summer months as the
forb species grew better than the grasses alone. Similar to the findings of the current study,
Daly et al. [34] also reported that annual forage production in diverse pastures containing
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chicory, plantain, small burnet (Sanguisorba minor L.) and yarrow were significantly and
consistently greater than that of the ryegrass–white clover pasture. The greater total produc-
tion was also attributed to higher summer growth in diverse than grass pastures. However,
the value of diversification of pastures may not only be limited to dryland conditions. It is
of note that Black et al. [35] recorded greater forage production from diverse rather than
simple pastures in irrigated conditions in New Zealand as well, indicating that aside from
the availability of water, other factors such as botanical composition, temperature, and soil
conditions play a major role.

A further reason for diverse pastures not exhibiting their comparative advantage in
spring 2022 may be due to the cooler temperatures and adverse soil conditions caused by
excess rain. It is probable that forbs, in particular, chicory, is known for a lack of tolerance for
waterlogged soil conditions [36]. It is of note that the colder, wetter conditions of spring also
led to decreased legume production by nearly 1000 kg ha−1 in comparison to the previous
year. Overall, DM production of legume pastures was substantially lower than both simple
and diverse pastures. This is a common instance and can also be observed in other studies
comparing different legume mixtures [37] and as cold conditions reduce growth and yield
of legumes [38] as well as shade [39]. Along with legumes having difficulty tolerating
waterlogging (except balansa clover), legume plants spend a significant amount of energy
to fix N rather than increasing yield [40]. In 2022, the legume pastures became heavily
intruded by broadleaf weeds, which can be attributed to having less competition with the
legumes due to them struggling under the waterlogging conditions, and also the more
acidic soil conditions (pH 5.1). Additionally, Campbell and Grice [41] have reported that
weed species are strongly competitive for resources, and that the grazing of palatable
pasture species reduces competition for the weeds. Reduced competition for weeds due
to grazing of palatable species was also observed in the study by Andrew [39]. However,
balansa clover tended to perform better than the other clovers in both years and could
be attributed to its capability of long-term persistence in pastures [42]. Additionally, it
has broad environmental adaptation, and does well in a large range of soil pH, including
more acidic soils down to pH 5.0. Lastly, balansa clover does well tolerating waterlogging,
and has even been observed to increase root growth in some waterlogging [42,43]. In
contrast, birdsfoot trefoil had a minimal appearance in 2021, and had no appearance in
2022 despite it being highly tolerant to waterlogged soil conditions. However, it is highly
probable that birdsfoot trefoil was outcompeted by other forage species, due to its typical
slow establishment.

In contrast to its success in mixed legume pastures, balansa clover populations in
diverse pastures declined dramatically over the two-year grazing study. The decline
in balansa clover presence in diverse pastures can be attributed primarily to its poor
competitiveness when sown alongside grasses, possibly because of its small seedling size.
Associated with grazing management, the regrowth of balansa clover faces significant
challenges when there is insufficient space for seeds to germinate in the fall. Ref. [44]
reported a substantial decrease in balansa clover seedling populations during the second
growing season in tall fescue-based hill country pastures. This drop was attributed to
competition with grasses and the smaller seed size of balansa clover in comparison to
the initially sown seed size, resulting in a smaller seedling size. Ref. [45] reported similar
findings in New Zealand dryland pastures, suggesting that balansa clover might need to
be overseeded every three years to keep its populations at desirable levels.

4.2. Livestock Production

Overall, diverse pastures provided a greater LWP (kg ha−1) when compared to simple
grass–clover pastures. This was also reported by Andrew [39] in an agrivoltaic pasture
system where lambs grazing diverse pastures had a greater LWG than those grazing simple
grass pastures. Previous reports from Golding et al. [3] indicated that legumes and pastures
containing herbs provide greater feeding values for animals when compared to simple grass
pastures. Further, lambs grazing legume pastures had the highest LWG over both simple
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and diverse pastures in both years, even when the legume pastures had a high percentage
of weeds in 2022, which points to selective grazing of the lambs on legume pastures in
those weedy conditions. The superior growth of lambs grazing legumes can be attributed
to the high voluntary intake of legumes, as well as the high protein content that legumes
provide [46]. Similarly, Speijers et al. [47] reported that lambs grazing legume pastures grew
faster than those grazing perennial ryegrass pastures and required fewer days to reach
the slaughter weight. Similar benefits of legume pastures for promoting greater animal
performance were also reported with dairy cows where cows grazing legume pastures
provided greater milk yield than grass pastures [48].

Comparing overall lamb performance between both years, 2022 showed a decreased
performance both in LWG and LWP. The decreased production in year two can be attributed
to fact that lambs were likely spending more energy staying warm in the cold temperatures
experienced in year two rather than spending the energy on growing. This was found
in a UK-based study where the survival rates of lambs and yearlings were decreased
when the weather was colder, and windier, as well as cold weather causing stress to the
lambs [49,50]. Another factor the lambs faced in 2022 were higher rates of parasite burdens,
likely attributed to the wet conditions of the pastures. Younie et al. [51] discusses that, in
northern temperate conditions, larvae and eggs can overwinter in forages and be ingested
when grazing occurs at the beginning of the growing season, and typically have a higher
incidence in wet conditions.

When looking at parasite loads across all pasture types, the diverse pastures were
successful in decreasing parasite loads across both years. The diverse pastures contained
chicory which is known for its bioactive compounds and anthelmintic effects on grazing
animals. Athanasiadou et al. [52] looked at ewes grazing on grass compared to ewes
grazing on chicory and the effects on parasite loads. What they found was those lambs
grazing on chicory had a significantly lower fecal egg count, as well as higher liveweight
gains than ewes grazing on grass [52]. Ref. [53] also looked into various pasture types
consisting of ryegrass only, a ryegrass mix with legumes, and a mix including grasses,
clovers, and chicory and plantain, and reported that the ewes and lambs grazing the diverse
mix had greater body condition scores and LWG, as well as having a decreased parasite
load and requiring less anthelmintics than the ewes and lambs grazing the grasses.

4.3. Bloom Diversity and Bee Visitation

In both years, the legumes were able to provide nectar and pollen for the bees into mid-
July. In 2021, there was a greater percentage of legumes throughout the season, whereas
in 2022, although there were some legumes, the weeds became more prevalent in the
beginning of July in the legume plots. Especially through June, in both the legume plots
and the diverse plots, balansa clover was the most prevalent clover available for the bees to
forage on. What is of most importance is finding a way to provide forage for bees in the
late challenging summer months, where the bees have less forage availability, at a lower
quality, and have increased competition for already scarce resources [54]. However, the
cool season legumes used here in both the diverse and legume pastures were not effective
in providing forage into the late summer months of July and August. This is of particular
importance for the pollinator health because if bees can access floral resources from May
to October, they will have higher reproductive rates and better winter survival [18,55].
To combat the decline of bee populations, an increase in floral diversity that allows for
habitat and forage for the bees is needed. These findings indicate the need for late blooming
perennial legumes in dryland pastures for a greater benefit to bees. For instance, a study
conducted in Missouri field plots found that birdsfoot trefoil was able to grow and provide
forage from early July until October when it was killed by cold frost [56]. Additionally, they
found through frequent clipping of the plants that birdsfoot trefoil was able to withstand
frequent defoliation, such as would occur from grazing animals [56]. Perhaps, the strategy
to provide late summer forage for bees could be achieved through a planting of balansa
clover at a low seeding rate, and birdsfoot trefoil paired with a vigorous weed management
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plan. Balansa clover has already been proven to bloom through spring and into July, and at
a low seeding rate would be of minimal competition for the birdsfoot trefoil to establish
itself as a summer nectar source. Particularly in the first year of the current study, bloom
density was greater in the diverse pastures than the simple ones, where it was found that
bee visitation was higher in diverse pastures than simple pastures also. This is similar
to a European study on the relationships between bees and floral diversity, where it was
reported that increasing habitat richness had a positive effect on both functional diversity
and species richness of bees, and that bee functional diversity was also positively affected
by species richness and diversity of the plants [57].

Lastly, when looking at the effects of closing dates on bloom density and bee visitations,
it seemed as though it did not have much effect. In 2021, there was a brief period of positive
effects seen in both bloom density, and bee visitations in legume pastures at the earlier
closing date until mid-June. In 2022, the effects of different closing dates had similar results
for both bloom density and bee visitations. This could be due to the fact that after year
one, the most prevalent clover, balansa clover, had completed its lifecycle and died, thus
not regenerating as much for year two. Additionally, closing dates are also important for
pasture quality and forage stockpiling. Devantier et al. [58] states that one management
tool for increased pasture quality is to use a deferred grazing method, utilizing certain areas
of pasture while other areas rest, which additionally allows for the utilization of pasture
during grazing time, and maintaining net pasture production over the following seasons.
While the current study found an earlier closing date to be beneficial for pollinators in the
first year, the study by Devantier et al. [58] on hillside pastures in New Zealand found that
earlier closing dates resulted in a decreased pasture quality due to an increase in weeds
and reproductive stem material, whereas later closing dates reduced those effects.

4.4. Effect on Closing Date on Regeneration of Annual Legumes

Overall, the earlier closing in pastures resulted in a greater than established number
of seedlings in fall and this effect was more profound in simple and diverse pastures. A
study on dryland pastures in New Zealand looked at the effect of both stocking rates and
closing dates during spring grazing on established subterranean clover seedling numbers
the following years [58]. What they found was that earlier closing dates provided greater
established seedling numbers in the following years compared to pastures grazed later, and
therefore a greater DM production in the fall, and that stocking rate of ewes and lambs had
minimal effects. Based on the findings of the current study, in addition to the findings of
Ates et al. [26] and Devantier et al. [54], perhaps the most viable option is to choose pasture
paddocks with a low annual legume content and close earlier to increase the soil seed bank.
However, this option may provide limited benefit to the pollinators if the forb components
of pastures are too low (<10%).

5. Conclusions

The findings of this study determined that legume pastures provided the greatest
benefit for LWG of grazing animals and floral bloom available for bees, while diverse
pastures displayed a greater benefit for LWP. Potentially, legume pastures can only be
used for grazing for one to two years before overseeding them with grasses or establish-
ing them at a higher seeding rate and broadcasting seeds between years. Additionally,
diversification of the pastures allowed for the utilization of different growing strategies,
providing bloom through mid-summer for pollinators, where balansa clover was the most
prevalent of legume species in the current study across both years. Lastly, the closing date
had minimal effects on bloom density and bee visitations in this study, therefore proposing
further research needed in that area, in particular using the perennial forb species with late
blooming characteristics.
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