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Abstract 

This study evaluated the impact of corn overseeding for silage production in established 

perennial cool-season pastures (Zea mays L.) on pasture production and diversity in the 

Cfb climate region of Southern Brazil. Three treatments were implemented over a 12-

month grazing experiment: Corn Overseeding in Perennial Pasture (C), Seasonal 

Deferment (D), and Year-Round Grazing (YRG). The study was conducted on a >7-year-

old pasture predominantly composed of tall fescue (Festuca arundinacea Schreb.), 

orchardgrass (Dactylis glomerata L.), and clover (Trifolium spp.). The Corn Integration 

treatment yielded the highest annual biomass production (13,360.68 kg DM/ha), 

effectively addressing the summer forage deficit. However, this intensive production 

model also resulted in a significant grazing gap, similar to the Deferment treatment, 

highlighting a need for strategic management to ensure year-round forage availability. 

The plant diversity dynamics assessed using Hill numbers (q=0, q=1, q=2) revealed 

complex response patterns. The Corn treatment showed a significant recovery in plant 

diversity, achieving higher final Hill numbers (q=0: 5.0±0.3; q=1: 3.6±0.2; q=2: 3.2±0.1) 

compared to Year-Round Grazing (q=0: 4.2±0.2; q=1: 3.0±0.2; q=2: 2.65±0.1) and 

Deferment (q=0: 3.7±0.2; q=1: 2.7±0.1; q=2: 2.4±0.1). In contrast, the Seasonal 

Deferment treatment showed the lowest final diversity, likely because of competitive 

exclusion during the rest period. These results suggest that the disturbance from the corn 

cycle may have activated the soil seed bank, promoting an increase in plant diversity, 

which aligns with the Intermediate Disturbance Hypothesis. However, the long-term 

sustainability of this effect requires further investigation to understand the full impact on 

the pasture ecosystem. Corn integration in pastures has the potential to enhance biomass 

and diversity, but it requires careful management to mitigate the associated grazing gap 

and to ensure the long-term ecological balance of the pasture system. 

Keywords: integrated crop-livestock systems, plant diversity, soil seed bank, 

intermediate disturbance hypothesis  
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1 Introduction 

The subtropical highlands of Southern Brazil present a unique agricultural 

landscape in which climate and ecology converge to create both challenges and 

opportunities for livestock production. Characterized by a humid temperate climate with 

mild summers (Cfb in the Köppen classification), this region has historically supported 

diverse forage production strategies, each with distinct ecological and economic 

implications. 

For decades, livestock producers in this region have relied primarily on the region's 

remarkable native grasslands, locally known as "Campos." These natural ecosystems 

represent some of the world's most biodiverse temperate grasslands, where perennial 

grasses have evolved to support livestock production, while maintaining ecological 

resilience. These Campos have become fundamental to the region's agricultural identity, 

providing a sustainable low-input foundation for extensive grazing operations. A second 

conventional approach involves the strategic overseeding of cool-season (C3) annual 

grasses, particularly Italian ryegrass (Lolium multiflorum Lam.), and black oat (Avena 

strigosa Schreb.) onto established perennial warm-season pastures such as Tifton-85. This 

practice creates a complementary seasonal production cycle but requires annual re-

establishment. 

A third alternative has gained more attention in recent years: the establishment of 

perennial cool-season (C3) pastures using species such as tall fescue (Festuca 

arundinacea Schreb.), orchardgrass (Dactylis glomerata L.), and clover (Trifolium spp.). 

These perennial systems offer important advantages, including reduced establishment 

costs over time and improved nutritive value. However, their widespread adoption is 

subject to fundamental physiological constraints. Having evolved in cooler climates, these 

temperate species experience reduced growth rates when temperatures exceed their 

photosynthetic optima during the summer. This thermal stress, often exacerbated by 

periodic moisture deficits, creates what producers recognize as the "summer slump" a 
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critical period of minimal pasture growth precisely when warm-season species would 

naturally thrive. 

This seasonal production deficit represents a significant barrier to broader 

implementation of perennial C3 pastures in subtropical regions. Producers must either 

maintain lower stocking rates year-round (reducing economic efficiency), invest in 

expensive supplementary feeding during the summer months, or risk overgrazing that can 

lead to stand degradation and reduced persistence. Finding solutions to this seasonal 

growth limitation could help unlock the full potential of perennial pasture systems in the 

region. 

Corn (Zea mays L.) was a promising candidate for addressing this challenge. With 

its C4 photosynthetic pathway and exceptional growth efficiency under warm conditions, 

corn thrives when perennial cool-season pastures struggle. This study investigates 

whether strategically oversowing corn directly into established perennial pastures during 

late spring allows producers to capture the high summer solar radiation and temperature 

conditions for maximum biomass production through corn silage, while maintaining a 

valuable perennial pasture base for production during cooler months.. 

Despite these compelling theoretical advantages, the practice of integrating corn 

production into perennial C3 pastures introduces complex ecological interactions that 

remain poorly understood. The implementation of such integrated systems raises critical 

questions regarding both short-term compatibility and long-term sustainability. Will 

competitive pressure from corn irreparably damage understory perennial pastures? Can 

perennial species recover sufficiently after corn harvest to maintain system productivity? 

How does plant community diversity respond to this novel disturbance regime? These 

questions must be addressed through rigorous scientific investigation before widespread 

adoption is recommended. 

This study provides a comprehensive evaluation of the effects of corn integration 

on both productivity and ecological dynamics in established perennial C3 pastures. By 

examining total system productivity and plant community diversity responses throughout 

a complete annual cycle, we aimed to determine whether corn-perennial pasture 



13 

 

integration represents a truly sustainable solution to seasonal forage challenges or a short-

term productivity gain with hidden ecological costs.  

2 Literature Review 

The majority regions of Southern Brazil are characterized by a Cfb climate, 

defined by the Köppen-Geiger classification as a humid subtropical climate with 

temperate summers and no defined dry season (ALVARES et al., 2013). The native 

grasslands of Southern Brazil, commonly referred to as Campos or Campos sulinos, 

represent a vital natural resource for livestock production and biodiversity conservation. 

These highlands are species-rich, old-growth ecosystems that form the dominant natural 

vegetation in extensive areas of the region and occur predominantly in a Cfb climate 

(MENEZES et al., 2022; OVERBECK et al., 2007). Historically, these native pastures 

have been the primary forage base for cattle production system, supporting the 

establishment and development of the beef and dairy industries in the region 

(OVERBECK et al., 2007). Sustainable management of these native grasslands is crucial, 

not only for continued milk and beef production but also for the preservation of their 

unique ecological attributes, especially given the significant historical and ongoing 

conversion of these areas to other land uses (MENEZES et al., 2022; OVERBECK et al., 

2007). 

Another alternative is the use of perennial winter pastures as a resource for 

livestock production, particularly for beef and dairy cattle. These pastures are often 

composed of C3 grasses such as tall fescue (Festuca arundinacea Schreb.), orchardgrass 

(Dactylis glomerata L.), and legumes, such as white clover (Trifolium repens L.), provide 

high-quality forage during cooler months (COELHO, 1999; SBRISSIA, 2023).  

However, the adoption of perennial C3 pastures in subtropical regions has 

fundamental physiological constraints. These temperate species evolved under cooler 

climates and exhibited dramatically reduced growth rates when temperatures exceeded 
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their photosynthetic optima during the summer. This thermal stress, often compounded 

by periodic moisture deficits, creates what producers recognize as the "summer slump" 

(FONTANELI et al., 2012; KUNRATH et al., 2014), a period of minimal pasture growth 

when warm-season species are the most productive. This seasonal production deficit 

represents the primary obstacle to the widespread adoption of perennial C3 pastures in 

subtropical regions as it forces producers to maintain lower stocking rates, invest in 

expensive supplementary feeding, risk overgrazing, and stand degradation. 

This study investigated the hypothesis that biomass production during the summer 

period is greater when corn silage is oversown in perennial winter pastures. Considering 

the challenge of the "summer slump" that affects C3 species in subtropical climates, we 

aim to evaluate whether this crop-livestock integration strategy represents a viable 

solution to optimize forage production during the warm season, when temperate pastures 

naturally reduce their growth. 

2.1 Integrated Crop-Livestock Systems: A Pathway Forward 

The principles of integrated crop–livestock systems (ICLS) offer an innovative 

framework for addressing these seasonal production challenges. ICLS recognizes that 

different plant species possess complementary growth patterns and resource-use 

strategies, suggesting opportunities for temporal and spatial integration to optimize total 

system productivity. In this context, the strategic integration of warm-season annual crops 

into established perennial C3 pastures has emerged as a particularly intriguing possibility 

(SANTOS et al., 2023). 

Research indicates that these integrated systems can enhance overall system-wide 

productivity compared with specialized cropping systems, even if yields of the primary 

cash crop might occasionally be lower, and the inclusion of forage and subsequent 

livestock production often leads to greater total output (PETERSON et al., 2020). 

Furthermore, ICLS contributes to improved soil health through enhanced biological, 
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physical, and chemical properties, better water and nutrient cycling, and can augment 

resilience to climate variability and change (CARVALHO et al., 2018, as cited in 

PETERSON et al., 2020). These systems are pivotal for both milk and beef production 

and offer a diversified and potentially more stable production base. 

Addressing this summer forage gap through the strategic integration of high-

yielding annual summer crops represents a key opportunity within the ICLS framework 

in Southern Brazil. Corn (Zea mays L.), a C4 species with high photosynthetic efficiency 

under warm conditions and substantial biomass potential, is a natural candidate, 

particularly in silage production (FRIBOURG  et al., 1976; FRAME & BOYD, 1987). 

The direct sowing of corn in established perennial cool-season pastures during summer, 

it can  produce large volumes of energy-rich silage. This practice serves as an alternative 

to bridge the winter forage gap and optimizes land utilization by producing two distinct 

forage resources (summer annual silage and perennial pasture) in the same area within a 

single year, a key feature of integrated crop-livestock systems (ASSMANN et al., 2003; 

MORAES et al., 2014) 

Despite the evident productivity benefits, the ecological consequences of 

introducing a highly competitive annual crop such as corn into an established perennial 

pasture ecosystem deserve thorough examination. The intensive management practices 

required for corn cultivation, including minimal soil disturbance during no-till planting, 

substantial nutrient amendments, and inevitable shading imposed by the tall, dense corn 

canopy, may exert considerable ecological pressure on the underlying perennial 

vegetation community (GHASSEMI-GOLEZANI et al., 2010; ISBELL et al., 2015). 

Legitimate ecological concerns include the potential temporal suppression of valuable 

perennial species, compromised or delayed recovery of pasture following corn harvest, 

and persistent shifts in botanical composition that might favor ruderal, disturbance-

adapted species over desirable forage components (TRACY & SANDERSON, 2004; 

SANDERSON et al., 2005). Consequently, rigorous assessment of the resilience capacity 

of a perennial pasture, defined as its ability to maintain or rapidly recover structural 

integrity and ecological function following disturbance, is essential for determining the 
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long-term sustainability and ecological viability of this integration approach within 

agricultural landscapes. 

A particularly relevant aspect of resilience in this context is the role of the soil 

seed bank, given the history of the experimental site. The pasture under investigation was 

established and managed with a diverse mix of perennial grasses and legumes for over 

seven years prior to the study. Such long-term establishment provides ample opportunities 

for the development of a persistent soil seed bank, a reservoir of viable seeds representing 

historical and current plant communities (BAKKER et al., 1996; FENNER; 

THOMPSON, 2006; TYLER et al., 2021). This ecological memory, often termed “hidden 

diversity” (PÄRTEL, 2014), can be a critical determinant of vegetation dynamics 

following disturbance. Disturbances such as those compounded with corn planting (e.g., 

temporary canopy removal, nutrient pulses, and minor soil disruption) can break seed 

dormancy and create regeneration niches, potentially triggering germination from the seed 

bank and influencing the trajectory of pasture recovery and subsequent community 

assembly (BOSSUYT; HERMY, 2003; WELLSTEIN et al., 2007; FABŠIČOVÁ et al., 

2024). 

Plant species diversity is increasingly recognized as a valuable ecological attribute 

and key component of agroecosystem functionality and resilience (ISBELL et al., 2015; 

HOOPER et al., 2005). Diverse pastures can exhibit enhanced productivity, improved 

nutrient cycling, greater resistance to weed invasion, and increased stability in the face of 

environmental fluctuations such as drought or pest outbreaks (TILMAN et al., 1997; 

SANDERSON et al., 2004). Therefore, understanding how management interventions 

such as corn integration affect pasture diversity is crucial.  

Therefore, this study was designed to comprehensively evaluate the effects of 

integrating summer corn silage production into a long-established (7+ years) perennial 

winter pasture in the Cfb climate zone of Southern Brazil.  

The core objectives were: (1) to quantify the impact of corn oversowing on total 

annual biomass production compared to traditional continuous grazing and a seasonal 

deferment strategy, and (2) to assess the consequences of pasture production and plant 
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species diversity dynamics throughout a full annual cycle using the Hill number 

framework, while explicitly considering the potential mediating role of the established 

soil seed bank in the observed recovery patterns.  

3 Material and Methods 

3.1 Experimental Site Characterization and History 

 The experiment was conducted over a 12-month period at an experimental 

farm belonging to the Center of Agroveterinary Sciences (CAV) of Santa Catarina 

State University (UDESC), situated in the municipality of Lages, in the highland 

region of Santa Catarina State, Southern Brazil. Its precise geographical location is 

27° 48′ 58″ South latitude and 50° 19′ 34″ West longitude, positioned at an altitude 

of approximately 930 m above sea level. The region is characterized by a humid 

subtropical climate, designated as Cfb, according to the Köppen-Geiger climate 

classification system. This climate features temperate summers, no distinct dry 

season, and frequent frosts during winter months, with an average annual 

precipitation of approximately 1,500 mm and an average annual temperature near 

15.6°C (ALVAREZ et al., 2013). The soil at the experimental site was classified as 

Typic Hapludox (Latossolo Bruno Alumínico Típico in the Brazilian classification), 

which is known for its clayey texture and moderate natural fertility. 

A critical aspect of the study site was its management history. The experimental 

area, totaling 5,670 m², was under a well-established perennial pasture regime for more 

than seven consecutive years prior to the commencement of this trial. This long-term 

sward was composed of a mixture of temperate (C3) forage species, predominantly tall 

fescue (Festuca arundinacea Schreb. cv. Rizomat), velvet grass (Holcus Lanatus L.), 

orchard grass (Dactylis glomerata L. cv. Ambar) interseeded with legumes, including 
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white clover (Trifolium repens L. cv. Zapican) and red clover (Trifolium pratense L. cv. 

Estanzuela 116), birdsfoot trefoil (Lotus corniculatus L.), and forage peanut (Arachis 

pintoi Krapov. & W.C. Greg. cv. Amarillo).  

The experimental timeline spanned a full year and was divided into four evaluation 

phases aligned with seasonal changes and key management interventions: “Beginning” 

(representing the initial pasture state immediately before summer treatments commenced), 

“Summer” (encompassing the summer period dedicated to corn growth or pasture 

deferment/grazing), “Winter” (the period following corn harvest and initiation of common 

grazing management across all plots), and “Spring” (marking the normally well-observed 

peak of biomass production). 

 

3.2 Experimental Design and Treatments 

A randomized complete block design (RCBD) was employed using three blocks 

to account for potential spatial heterogeneity across the site. Each block contained one 

experimental unit (paddock) assigned to each of the three treatments, resulting in nine 

paddocks, each measuring approximately 630 m² (21 × 30 m). 

Before the experiment was set up, we standardized the area by mechanized 

mowing, where the pasture was standardized to around 12 cm in height. 

The treatments were defined as follows: 

Corn Overseeding in Perennial Pasture (C): This treatment implemented a 

strategic summer intensification approach by directly oversowing corn (Zea mays L.) 

intended for silage production in an established perennial cool pasture. The corn (cv. 

DKB230 pro 3) was established in 12/12/23 using no-till planting equipment specifically 

calibrated for precision seeding into existing vegetation with minimal soil disturbance. 

The technical specifications included narrow row spacing (0.5 m) to optimize canopy 

closure and light interception, along with a calibrated seeding rate designed to achieve a 
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final plant population density of approximately 60,000 plants per hectare, corrected by 

seed quality. Oversown corn created a temporary overstory within the pasture ecosystem, 

where the tall C4 crop formed a dominant upper stratum above the suppressed C3 

perennial understory during the summer growth period. This intercropping approach aims 

to  take advantage of the complementary photosynthetic pathways and growth periods of 

both plant types within the same spatial unit, maximizing the productivity capacity of the 

land during the period when perennial cool-season species typically experience reduced 

growth rate and productivity. 

Seasonal Deferment (D): This treatment implemented a strategic rest period for 

the established perennial pasture, during which the designated experimental paddocks 

were completely excluded from all defoliation pressures (both grazing and mechanical 

harvesting) throughout the summer period that corresponded precisely with the corn 

growth cycle in treatment “Corn Integration”. This management approach represents a 

common conservation practice in grassland systems, allowing complete photosynthetic 

recovery, carbohydrate reserve replenishment, and potential seed production while 

avoiding the stress of summer grazing.  

Year-Round Grazing (YRG): This treatment functioned as an experimental 

control, representing the predominant conventional management practice employed by 

livestock producers throughout the region. Under this regime, the established perennial 

pasture was continuously subjected to rotational stocking by beef cattle throughout the 

12-month experimental period without any seasonal rest or deferment. Management 

decisions are governed by a target sward height protocol that optimizes both forage 

production and stand persistence (Duchini et al., 2019). Cattle were introduced to the 

paddocks when the mean sward height reached approximately 20 cm, and animals were 

subsequently removed when the canopy was grazed down to approximately 12 cm. This 

grazing management strategy maintained the pasture within an optimal height range that 

balanced livestock intake requirements with photosynthetic recovery needs while 

preventing both undergrazing (which could lead to reproductive maturity and reduced 

forage quality) and overgrazing (which could deplete plant energy reserves and 

compromise stand persistence). The YRG treatment provided an essential baseline against 
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which to evaluate alternative management strategies, representing the status-quo 

production system in the region. 

Following the corn silage harvest (typically occurring in late summer/early 

autumn), all experimental units, including those previously under corn (M) and deferred 

(D) treatments, were subjected to the same grazing management protocol (pre-grazing 

target height of 20 cm and post-grazing target height of 12 cm), as described earlier. 

3.3 Biomass and Botanical Composition Assessment 

3.3.1 Botanical Composition Analysis 

 

To evaluate the botanical composition, destructive sampling was conducted at four 

key points corresponding to the transitions between the defined evaluation phases: 

beginning (before corn implementation or deferment/grazing period initiation), 2) 

summer, 3) winter, and 4) spring. 

In each of the nine experimental paddocks, three sampling points were randomly 

selected for each assessment. The selection process involved a zigzag transect walk across 

the paddock, with sampling locations determined at random intervals along the transect 

to ensure representativeness and avoid operator bias. Areas within two meters of the 

fences, water troughs, or paddock edges were excluded from the sampling to minimize 

edge effects. 

At each designated sampling point, a standardized rectangular quadrat measuring 

0.5 m² (1.0 m × 0.5 m) was positioned according to predetermined randomization 

protocols. All aboveground biomass within this delineated area was harvested to ground 

level, and the harvested biomass from all three quadrats within each experimental paddock 

was thoroughly consolidated and homogenized to create a representative composite 

sample for that experimental unit.  
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In the laboratory, a subsample was separated into predetermined functional and 

taxonomic categories: (1) Sown Grasses (species Festuca arundinacea, Dactylis 

glomerata and Holcus Lanatus); (2) Sown Legumes (encompassing the deliberately 

planted nitrogen-fixing species Trifolium repens, T. pratense, Vicia sativa, and Arachis 

pintoi); (3) Spontaneous Species (comprising any volunteer grasses, forbs, or other non-

target species not intentionally established in the original seeding mixture); and (4) Non-

living Biomass (consisting of senescent plant material, detached dead matter, and partially 

decomposed litter). Each separated botanical component was transferred to individually 

labeled paper bags permeable to moisture exchange and placed in a forced-air ventilation 

oven maintained at a constant temperature of 65°C for a minimum duration of 72 h or 

until successive weighings confirmed that a constant mass had been achieved, indicating 

complete moisture removal. The oven-dried mass of each separated fraction was 

determined using an analytical balance with a precision of 0.001 g. The proportional 

contribution of each botanical component provided a quantitative characterization of the 

structural and functional composition of the sward at each assessment point. 

 

Perennial Pasture Biomass: We measured the amount of pasture biomass using 

a direct cutting method. At the start of each grazing period, we placed three sample frames, 

each with an area of 0.5 m², in each paddock. To define the sample area, the frame had a 

cutting height of 12 cm, meaning we collected all the plant material inside the frame that 

was above this height. This method helped us estimate the available biomass for the 

animals. 

At the same time, we used pasture height to decide when to move the animals. We 

took 30 height measurements in each paddock with a measuring stick. The rule was to let 

the animals in when the pasture reached 20 cm and move them out when it was grazed 

down to 12 cm. 

To calculate the total biomass production for the summer season, we added 

together the amount of biomass we collected from the frames at the start of each grazing 

period. After the summer treatments were over, we performed a final cut, after summer 
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treatments collecting all the plant material left inside the frames to measure the total 

production for the entire season.  

Corn Silage Biomass: For the Corn (M) treatment, the biomass yield intended for 

silage was estimated when the corn reached the appropriate physiological stage (half-milk 

line in the kernel). Three representative rows were selected within each corn paddock, and 

a 10-meter linear section of each row was harvested manually at a cutting height of 

approximately 40 cm above ground level to simulate mechanical silage harvesting. The 

total fresh weight of the plants from each 10m section was recorded. A representative 

subsample was chopped using a stationary biomass chopper, and a portion (approximately 

500 g) was dried at 65°C to a constant weight to determine the dry matter percentage. The 

total dry matter yield of corn silage (kg DM/ha) was calculated based on the fresh weight 

per unit area and the dry matter percentage. 

Deferred Pasture Biomass: At the time of corn harvest, the total dry weight of 

all components harvested from the 0.5 m × 1.0 m quadrats provided a direct, destructive 

measurement of the standing biomass mass (kg DM/ha) at each sampling point for the 

pasture components. Three samples per paddock were collected using the direct method 

to establish the baseline measurements. The sample was dried at 65°C to a constant weight 

to determine the dry matter. 

After the summer treatments, all paddocks followed the perennial pasture protocol.  

 

3.4 Fertilization Management 

Summer Fertilization: The paddocks were fertilized to meet the nutrient 

requirements of the corn crop. Based on the expected yield and nutrient removal rates 

(adapted from FRIBOURG et al., 1976 and local recommendations), 150 kg N/ha (applied 

as urea), 80 kg P/ha (as P2O5, applied as triple superphosphate), and 100 kg K/ha (as 

K2O, applied as potassium chloride) were applied. Phosphorus and potassium were 
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applied at planting in covering. Nitrogen was applied half 15 days after planting, and the 

remainder was applied as top-dressing approximately 40 days after emergence. All the 

treatments received the same amount on the same dates and quantities. 

Winter Fertilization: Following the summer intervention period, all nine 

paddocks received a uniform application of nitrogen fertilizer to stimulate perennial 

pasture growth during the cooler autumn and winter months. A total of 100 kg N/ha (as 

urea) was applied, which was typically split into two applications (50 kg N/ha in early 

autumn and 50 kg N/ha in late winter/early spring) to optimize utilization and minimize 

potential losses. 

 

3.5 Pest Management 

During the corn growth phase in the Corn Integration (C) treatment, fall 

armyworms (Spodoptera frugiperda) were monitored regularly through visual inspection 

of plants for egg masses and early instar larvae. Chemical control was implemented when 

the economic thresholds were reached, with two insecticide applications performed during 

the experimental period. The applications were conducted using a tractor-mounted boom 

sprayer calibrated to deliver a consistent application rate of 1 L/ha for commercial 

products. The first application occurred at the V4 growth stage (four fully developed 

leaves), coinciding with the initial detection of significant larval presence, while the 

second application was performed approximately 21 days later during the V8-V10 stage 

when monitoring indicated renewed pest pressure. This management protocol was 

implemented to minimize yield losses from foliar damage, while maintaining the 

experimental integrity of the integrated system. 
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3.6 Soil Cover Measurement 

The ground cover percentage was assessed within each experimental paddock 

using the step-point method, which is a widely recognized technique for rapidly and 

objectively determining vegetation and ground cover in grasslands and rangelands 

(EVANS & LOVE, 1957). The assessment was conducted after the corn was harvested. 

Within each paddock, a predetermined transect route was followed in an x-pattern 

to ensure representative sampling across the area. At approximately every step along the 

transect, the observer recorded the cover type intercepted by a specific point on the toe of 

the boot. In total, 114 points were recorded per paddock during each evaluation period. 

At each point, the cover was classified into one of two categories: "covered" (intercepting 

live vegetation, litter, or plant residue) or "bare soil" (intercepting exposed soil). The 

percentage of soil cover for each paddock was then calculated as the number of points 

classified as "covered" divided by the total number of points sampled, expressed as a 

percentage. 

 

3.7 Plant Diversity Analysis using Hill Numbers 

Plant species diversity was quantitatively assessed using proportional dry matter 

contribution data derived from botanical composition analysis. The assessment utilized 

Hill numbers (qD), which represent the effective number of species, and were calculated 

using a single general formula based on Hill (1973) and further elaborated by Jost (2007) 

and Chao et al. (2014). The general formula for Hill numbers of order q is qD = (Σ 

pi^q)^(1/(1-q)), where pi is the proportional abundance (dry matter) of the i-th species or 

functional group, and q is the order of diversity, which determines the sensitivity of the 

measure to species relative abundances. 
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For q=0, the Hill number (0D) is simplified to the total count of species (or 

functional groups as separated) present in the sample (i.e., those with a non-zero 

proportion). This is equivalent to species richness. For q=1, the Hill number (1D) is 

undefined by the general formula because of division by zero (1-q = 0). However, its limit 

as q approaches 1 is exp(H’), where H’ is the Shannon entropy index (H’ = − Σ (pi * 

ln(pi))). Thus, 1D is equivalent to the exponential of Shannon’s entropy and reflects the 

number of ‘common’ or ‘typical’ species, weighing all species by their proportional 

abundance. For q=2, the Hill number (2D) was simplified to 1/(Σ pi²), which is equivalent 

to the inverse of the Simpson concentration index (D = Σ pi²). This index gives 

disproportionately more weight to the dominant ’species, reflecting the number of 

abundant’ or’ dominant species.    

These calculations were performed for each experimental unit (paddock) at each 

of the four assessment periods (Summer, Corn, Winter, Spring), allowing for analysis of 

diversity dynamics over time and across treatments.  

3.8 Comparative Analysis of Precipitation and Temperature in Lages-SC 

Analyzing precipitation and temperature patterns in Lages, Santa Catarina, from 

December 2023 to December 2024, comparing them with historical climatological data 

from 1999 to 2017. Data was obtained from the National Institute of Meteorology 

(INMET). The period revealed significant variability in precipitation, with months like 

May, June, and July recording volumes substantially above average, which can negatively 

impact crops due to excess moisture and disease risk. Conversely, August and November 

showed notable water deficits, suggesting potential water stress for crops. Regarding 

temperature, a general upward trend was observed compared to climatological averages, 

especially in summer and autumn, which can accelerate the phenological development of 

summer crops and increase water demand. Although January and December 2024 

recorded slightly below-average temperatures, which may benefit some winter crops, the 

overall warming trend requires attention. These climatic anomalies underscore the 
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importance of continuous monitoring and the adoption of adaptive agricultural practices 

and the selection of adapted crops.  

Table 1. Monthly Average and Experimental Precipitation (mm) and Temperature (°C) 

with Percentage Differences 

Month 
Avg. 
Precipitation 
(mm) 

Experimental 
Precipitation 
(mm) 

% Δ 
Precipitation 

Avg. 
Temperature 
(°C) 

Experimental 
Temperature(°C) 

% Δ 
Temperature 

January 159.69 193.0 +20.85% 19.62 19.90 +1.42% 
February 144.42 153.2 +6.08% 19.68 21.50 +9.27% 
March 122.43 170.2 +39.01% 18.43 20.20 +9.60% 
April 112.12 168.4 +50.20% 15.90 18.60 +16.98% 

May 115.98 260.0 +124.23% 12.12 14.70 +21.32% 

June 116.40 188.8 +62.21% 11.03 13.90 +26.07% 
July 145.22 195.6 +34.70% 10.48 11.70 +11.60% 
August 118.10 48.6 –58.85% 12.14 13.20 +8.71% 

September 172.16 114.4 –33.56% 13.16 16.70 +26.91% 

October 199.19 219.4 +10.15% 15.38 17.00 +10.54% 

November 131.33 70.0 –46.68% 16.97 18.50 +9.00% 

December 136.16 190.2 +39.69% 18.71 18.40 –1.66% 

 

 

3.9 Statistical Analysis Procedures 

All statistical analyses and data processing were conducted using a combination 

of the R (version 4.2.2; R Core Team, 2022) and Python (version 3.10.8; Python Software 

Foundation) programming environments. The experimental design was a randomized 

complete block with three treatments and three replicates. 

For biomass data, analysis of variance (ANOVA) was performed using the 'lme4' 

package in R, with treatment and evaluation period as fixed effects and blocks as random 
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effects. When significant differences were detected (p < 0.05), the means were compared 

using Tukey's Honestly Significant Difference (HSD) test. Prior to analysis, data were 

tested for normality using the Shapiro-Wilk test and for homogeneity of variances using 

Levene's test. When necessary, the data were log-transformed to meet the ANOVA 

assumptions. 

Plant diversity metrics were calculated using the Hill number framework (q = 0, q 

= 1, q = 2) with the 'vegan' package in R. Species richness (q = 0) represents the total 

number of functional groups present, exponential Shannon entropy (q = 1) measures the 

effective number of common functional groups, and the inverse Simpson concentration 

(q = 2) quantifies the effective number of dominant functional groups 

Custom Python scripts utilizing the 'pandas,’ ‘numpy,’ and 'scipy' libraries were 

developed for data preprocessing, exploratory data analysis, and visualization. The 

'matplotlib' and 'seaborn' libraries were used to generate publication-quality figures.  

4 Results 

The distinct management strategies imposed over the 12-month cycle – integrating 

corn silage production (Corn), implementing seasonal pasture deferment (deferred), and 

maintaining year-round grazing (grazing)–yielded statistically significant and 

ecologically relevant differences in both biomass production and the dynamics of plant 

species diversity within the established perennial pasture. 
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4.1 Biomass Production: Quantifying Treatment Impacts 

4.1.1 Total Annual Biomass Accumulation 

The corn treatment achieved the highest total biomass yield, accumulating 

13,360.68 kg DM/ha/year (Figure 1). This was significantly greater than the Deferred 

treatment, which accumulated 11,231.64 kg DM/ha, and Year-Round Grazing, which 

yielded 10,229.18 kg DM/ha. Furthermore, the Deferred treatment accumulated more total 

biomass than the grazing treatment (P<0.05).  

Figure 1. Total annual biomass dry matter production across three pasture management 

strategies in a subtropical perennial pasture system. Values represent the sum of all 

biomass harvested over the 12-month experimental period, including both perennial 

pasture biomass and corn silage (in the corn treatment). 
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4.1.2 Seasonal Dynamics of Biomass Accumulation 

Corn Integration treatment exhibited the most pronounced seasonal variation in 

production, with a highly concentrated distribution pattern (Table 2). Summer production 

dominated this system, accounting for 50.5% of annual yield (6,752.5 kg DM/ha), 

comprising both corn silage (4,388.5 kg DM/ha) and pasture biomass (2,364.0 kg DM/ha). 

This summer concentration was followed by a total absence of harvestable forage in the 

autumn, as the newly harvested area needed time for pasture recovery. Winter production, 

with the share of autumn production included in its production, remained limited to 

1,420.7 kg DM/ha (10.6% of annual production), before a substantial recovery in Spring 

produced 5,187.5 kg DM/ha (38.8% of the annual total).  

In contrast, the deferred treatment demonstrated the most stable seasonal 

distribution, although it had a different production profile. A summer accumulation of 

4,361.9 kg DM/ha (38.8% of annual production) represented standing biomass that 

accumulated during the deferment period. Unlike the other treatments, this deferred 

biomass remained available for autumn utilization, providing 962.3 kg DM/ha (8.6%) of 

mature but accessible forage. Winter and spring production were 1,074.7 kg DM/ha 

(9.6%) and 4,832.8 kg DM/ha (43.0%), respectively. This distribution pattern, which was 

more stable than the Corn treatment, still showed considerable seasonal variation, with 

nearly 82% of the production concentrated in the summer and spring. 

The Year-Round Grazing treatment displayed an intermediate level of seasonal 

variation with a distribution pattern typical of continuously grazed C3 perennial pastures 

in subtropical climates. Summer production was 2,037.7 kg DM/ha (19.9% of annual 

production) and autumn and winter production remained relatively low but consistent at 

1,074.8 kg DM/ha (10.5%) and 1,282.8 kg DM/ha (12.5%), respectively. The system 

exhibited strong compensatory growth in spring, producing 5,833.8 kg DM/ha, which was 

the highest spring yield among all the treatments, representing 57.0% of its annual 

production.  



30 

 

Statistical analysis revealed significant treatment effects on seasonal production, 

particularly during the summer and autumn periods (P < 0.001), whereas winter and 

spring production showed no significant differences among treatments (P > 0.05). During 

summer, all treatments differed significantly from each other, with Corn > Deferred > 

YRG. The autumn period highlighted the unique absence of production in the corn 

treatment, which differed significantly from both the Deferred and YRG treatments that 

maintained similar production levels. 

 

Table 2. Seasonal biomass dry matter production (kg DM/ha) and distribution patterns 

across three pasture management strategies in a subtropical perennial pasture system over a 

12-month period. 

Season Corn1 Deferred YRG SEM P-value 

Summer 6,752.5ᵃ (50.5%)² 4,361.9ᵇ (38.8%) 2,037.7ᶜ (19.9%) 245.3 <0.001 

Autumn 0.0b  (0.0%) 962.3ᵃ (8.6%) 1,074.8ᵃ (10.5%) 89.2 <0.001 

Winter 1,420.7ᵃ (10.6%) 1,074.7ᵃ (9.6%) 1,282.8ᵃ (12.5%) 112.4  0.6369 

Spring 5,187.5ᵃ (38.8%) 4,832.8ᵃ (43.0%) 5,833.8ᵃ (57.0%) 287.6 0.1648 

Annual Total 13,360.7 11,231.6 10,229.2   

1Summer values for corn treatment included both corn silage (4,388.5 kg DM/ha) and 

residual pasture (2,364.0 kg DM/ha). 

²Values in parentheses indicate the percentage contribution of each season to annual 

production. 

SEM = Standard error of the mean; YRG = Year-round grazing.   

 

4.1.3 Soil cover after summer 

The percentage of soil cover following the different summer treatments showed 

significant variation among the management practices evaluated (Figure 2). Year-round 

ryegrass (YRG) treatment demonstrated superior soil protection capabilities, with 80.4% 

soil coverage, which was statistically higher (p < 0.05) than the other treatments.  
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The deferred treatment resulted in intermediate soil coverage (53.5%), which was 

significantly lower than that of YRG but higher than that of the corn treatment. While 

offering reasonable soil protection, the deferred treatment coverage was approximately 

27% lower than that of YRG treatment. The corn treatment exhibited the lowest soil 

coverage percentage (42.4%), which was significantly lower than that of both alternative 

treatments. The difference between corn and YRG treatments was particularly 

pronounced, with corn providing approximately 38% less soil coverage than YRG. 

 

 

 

 

Figure 2. Soil coverage by plant residues and living vegetation (%) measured at the end 

of the summer treatments in a subtropical perennial pasture system. Values represent the 

mean percentage of the soil surface protected by plant material across three management 

strategies: post-corn harvest residues (corn), accumulated biomass after seasonal 

deferment (deferred), and actively grazed pasture (YRG). Different letters indicate 

significant differences according to Tukey's honest significant difference (HSD) test (p < 

0.05).  
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4.2 Plant Community Diversity: Responses to Disturbance and Recovery 

Plant diversity was quantified using Hill numbers (q=0 for richness, q=1 for 

common species diversity, q=2 for dominant species diversity), revealing complex and 

dynamic responses to the management treatments over the annual cycle and providing 

insights. 

4.2.1 Initial State and Immediate Post-Treatment Effects  

Prior to treatment implementation ("Beginning" period), analysis of the plant 

community structure using Hill numbers confirmed the homogeneity of the experimental 
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area across all assigned treatment plots (Figures 3). The mean species richness (q=0) 

across all experimental units was 6.45 ± 0.28 functional groups per sample, indicating a 

moderately diverse perennial pasture system typical of well-established mixed swards. 

Similarly, exponential Shannon entropy (q=1) averaged 3.86 ± 0.19, while inverse 

Simpson concentration (q=2) measured 3.17 ± 0.15. This initial uniformity in botanical 

diversity metrics was essential for the subsequent attribution of diversity changes to 

experimental treatments, rather than pre-existing site heterogeneity, thus strengthening 

the internal validity of the experimental design. 

Following the implementation of experimental treatments during the summer 

intervention period, all treatments exhibited a measurable reduction in plant diversity 

metrics relative to the baseline conditions, although there were notable differences in both 

the magnitude and pattern of response (Figures 3). The corn integration treatment 

maintained comparatively higher median diversity values, particularly for common 

species diversity (q=1) and dominant species diversity (q=2), despite the substantial 

ecological perturbation associated with corn establishment. In deferred paddocks, the 

uninterrupted summer growth of vigorous perennial grasses led to a marked decline in the 

effective number of common species (q=1 decreased from 3.89 ± 0.21 to 2.14 ± 0.18) and 

the Year-Round Grazing treatment displayed an intermediate response, with diversity 

metrics decreasing moderately from initial values, but not as severely as observed in the 

deferred treatment.  

4.2.2 Recovery and Final Diversity Status  

The most remarkable divergence in diversity trajectories manifested during the 

recovery phases ("Winter" and "Spring" periods), revealing profound treatment-specific 

effects on community reassembly processes (Figure 3). The corn integration treatment 

exhibited an exceptional resilience pattern, characterized by robust diversity recovery. 

Following corn harvest and alleviation of canopy suppression, all three diversity indices 

(q=0, q=1, q=2) increased significantly during winter (q=1 increased from 2.76 ± 0.24 

4.32 ± 0.18). This positive trajectory continued throughout the remainder of the 
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experimental period, culminating in elevated diversity levels by the "Spring" assessment 

at the conclusion of the 12-month cycle. At this terminal evaluation point, the Corn 

Integration treatment consistently demonstrated statistically superior diversity across all 

metrics compared to the alternative management approaches. 

The Seasonal Deferment treatment exhibited minimal diversity recovery capacity. 

Following the pronounced initial diversity decline during summer deferment, diversity 

metrics particularly the effective number of common species (q=1) remained persistently 

depressed or continued their downward trajectory through both the Winter and Spring 

assessment periods (q=1 decreased from 2.14 ± 0.18 to 1.86 ± 0.15 by the spring 

assessment).  

The Year-Round Grazing treatment exhibited an intermediate response pattern. 

Following moderate initial diversity reductions, this treatment showed partial recovery 

during the Winter and Final periods, eventually stabilizing at diversity levels significantly 

lower than the Corn Integration treatment but consistently higher than the Seasonal 

Deferment treatment (Final period q=1 values: 3.47 ± 0.16 versus 1.86 ± 0.15, 

respectively). 

 

Figure 3. Temporal evolution of mean Hill diversity number q=0 (Species Richness), q=1 

(Shannon effective diversity), and q=2 (Simpson effective diversity) over the four 

assessment periods for the three treatments. 
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4.2.3 Pasture Composition Dynamics Under Different Management Strategies 

       
A aspect of this study was the evolution of pasture composition across the different 

treatments, considering that all experimental units started with a uniform botanical 

composition. The heatmaps for spring, winter, and autumn reveal distinct trajectories for 

each management strategy, highlighting the impact of each treatment on the competitive 

dynamics of the pasture species. 

In the autumn (Figure 4), the impact of treatments on the proportion of invasive 

species becomes evident. The C and YRG treatments showed a high proportion of 

invasive species (50.85% and 50.03%, respectively), while the D treatment had a lower 

proportion (41.08%). This indicates that both the disturbance from the corn crop and the 

continuous grazing pressure in the YRG treatment created opportunities for the 

establishment of invasive species. The D treatment, by providing a period of rest, appears 

to have been more effective in suppressing the proliferation of these species.  

Figure 4. Percentage composition of different pasture species during Autumn for the 

treatments. Darker green indicates a higher percentage of the species in the pasture 

composition. 
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During the winter (Figure 5), a significant recovery of Dactylis and Festuca was 

observed in the C treatment, suggesting that these species were able to re-establish 

themselves after the corn harvest. The proportion of Dactylis in the C treatment (40.79%) 

was comparable to the D treatment (44.74%) and considerably higher than the YRG 

treatment (23.55%). This suggests that the disturbance caused by the corn cycle, followed by 

a period of rest, may have favored the recovery of Dactylis. 

Figure 5. Percentage composition of different pasture species during Winter for the 

treatments. Darker green indicates a higher percentage of the species in the pasture 

composition. 
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In the spring (Figure 6), the Corn (C) treatment showed a marked reduction in all 

pasture species, which is an expected consequence of the corn crop's dominance. In 

contrast, the Year-Round Grazing (YRG) and Deferment (D) treatments maintained a 

relatively stable composition, with a high proportion of Festuca and Dactylis. 

Figure 6. Percentage composition of different pasture species during Spring for the 

treatments. Darker green indicates a higher percentage of the species in the pasture 

composition. 
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5 Discussion 

The findings from this year-long investigation into integrating summer corn silage 

within a long-established perennial pasture system offer compelling, albeit complex, 

insights into the interplay between agricultural management, productivity, and ecological 

dynamics, particularly concerning plant diversity and the often-underestimated role of the 

soil seed bank. 
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5.1 Productivity Enhancement via Integration  

Corn Integration treatment significantly increased the total annual biomass (Figure 

1), supporting our hypothesis. By incorporating a high-yielding C4 summer crop into the 

system, we favorable summer growing conditions, generating silage yield that for the 

temporary suppression of the C3 perennial pasture component. This approach exemplifies 

the core principles of Integrated Crop-Livestock Systems (ICLS), which address seasonal 

forage deficits common in Southern Brazil's Cfb climate zone through strategic 

diversification across growing seasons. This integration capitalizes on complementary 

physiological characteristics between different plant functional types, maximizing land 

productivity throughout the year (ALVES et al., 2020, SCHUSTER et al., 2019). Our 

seasonal production data (Table 2) demonstrate this temporal complementarity, showing 

corn dominance during summer, followed by robust perennial pasture recovery in spring. 

However, despite the increased biomass, the economic viability of this integration was 

limited due to lower-than-expected corn yields and the high costs associated with its 

implementation.  

Superior summer production in the corn treatment can be attributed to several key 

physiological and ecological factors. First, the C4 photosynthetic pathway of corn 

provides a fundamental advantage in high-temperature and high-light environments, with 

approximately 40% greater theoretical maximum efficiency than C3 pathways 

(ROUQUETTE, 2023). This physiological advantage becomes particularly pronounced 

during the summer months when temperatures frequently exceed the photosynthetic 

optimum for C3 species (typically 15-25°C), while it remains well within the optimal 

range (30-35°C). Additionally, corn's vertical canopy architecture and greater height 

allow for more efficient light interception per unit ground area compared to the 

predominantly horizontal structure of pasture species, we found that corn intercepts 

approximately 65% of the light incident on the area, effectively increasing the 

photosynthetically active radiation captured during the peak solar radiation period of the 

year (GUAMÀN RIVERA et al., 2023). Furthermore, strategic fertilization applied to 
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support corn growth (150 kg N/ha) provided nutrient conditions that maximized this 

physiological potential, resulting in biomass accumulation rates that far exceeded what 

the perennial pasture species could achieve, even under ideal management. 

Conversely, the Year-Round Grazing treatment, despite maintaining greater 

soil coverage throughout the experimental period, failed to produce comparable 

summer biomass due to several limiting factors. The C3 perennial species 

dominating this treatment (primarily tall fescue, orchardgrass, and clovers) 

experienced significant metabolic limitations during summer, including increased 

photorespiration, reduced RuBisCO efficiency, and accelerated senescence rates 

when temperatures consistently exceeded 25°C (GILHAUS & HÖLZEL, 2016). These 

physiological constraints fundamentally limit productivity, regardless of 

management intensity or soil coverage. Additionally, although greater ground cover 

in the grazing treatment provided advantages in terms of soil protection and 

microclimate moderation, it simultaneously intensified intraspecific competition for 

soil resources during a period when root activity and nutrient uptake efficiency were 

already compromised by heat stress. The continuous defoliation pressure, even 

under rotational management, further reduced the ability of plants to maintain 

photosynthetic capacity during thermal stress, as the limited leaf area restricted 

carbon fixation and carbohydrate reserves needed for recovery (SBRISSIA et al., 

2020). 

While the Corn treatment maximized total annual biomass, its highly seasonal 

production pattern presents both opportunities and challenges for livestock management. 

The high summer silage yield provides a substantial reserve of feed that can be 

strategically used during periods of pasture scarcity, particularly the subsequent 

autumn/winter, or even during potential droughts in other years. However, near-zero 

pasture availability immediately following corn harvest necessitates careful planning to 

ensure that alternative feed sources are available for livestock during the transition period 

(MORAES et al., 2014). In contrast, the Deferred and Grazing treatments offered more 
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continuous, albeit lower, forage availability from the pasture itself, which might simplify 

day-to-day grazing management but require supplementation during the summer slump 

(grazing) or offer a standing forage reserve of potentially declining quality (deferred) 

(FONTANELI et al., 2012). 

The choice between these strategies depends heavily on the specific farm context, 

including livestock category and requirements, availability of labor and machinery for 

silage production, and the capacity for feed storage and targeted supplementation. The 

Corn integration strategy clearly favors systems capable of managing silage production 

and utilization effectively, potentially allowing for higher overall stocking rates or animal 

performance due to the increased total energy harvested per unit area. 

5.2 Pasture Diversity Dynamics and the Soil Seed Bank as Ecological Memory 

Our most ecologically significant findings were regarding pasture resilience and 

diversity dynamics. Contrary to the expectation that corn cultivation would degrade 

perennial swards, we observed a counterintuitive pattern of enhanced diversity. The 

perennial pasture not only demonstrated remarkable recovery capacity following corn 

harvest, but by the conclusion of the annual cycle, the Corn Integration treatment exhibited 

higher plant diversity across all Hill diversity orders (species richness, common species 

diversity, and dominant species diversity) compared to both Year-Round Grazing and, 

particularly, seasonal deferment treatments (Figures 3). This evidence suggests that the 

disturbance introduced by the corn cycle functioned as a catalyst for ecological 

regeneration rather than a purely disruptive force. Instead of diminishing biodiversity, 

corn integration appeared to stimulate community reassembly by activating the soil seed 

bank, an ecological legacy maintained throughout the pasture's 7+ year establishment. 

Studies have demonstrated that persistent soil seed banks can retain high biodiversity and 

act as reservoirs of ecological memory, even after decades of agricultural disturbance, 

thus playing a pivotal role in regeneration (MA et al., 2015). Their composition often 

differs from that of aboveground vegetation, reflecting latent diversity not yet expressed 
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under stable conditions but activated through disturbance, indicating that the persistence 

of perennial plants decreases with increasing grazing intensity (LAMAS et al., 2020). 

Soil seed banks represent a crucial component of ecosystem resilience and act as 

persistent reservoirs of genetic and species diversity that accumulates over time 

(BAKKER et al., 1996; FENNER; THOMPSON, 2006). In long-established grasslands, 

such as the one studied here, the seed bank potentially contains a rich assemblage of seeds 

from species currently present, previously dominant, or transiently occurring, including 

sown forage species, naturalized species, and native flora adapted to the local environment 

(TYLER et al., 2021; KALAMEES; ZOBEL, 2002). The 7+ year period of perennial 

management provided ample time for such a ‘memory’ to develop, potentially harboring 

species with varying dormancy requirements and longevity (THOMPSON; GRIME, 

1979; BEKKER et al., 1997). 

 

5.3 Disturbance as a Trigger for Seed Bank Expression 

The sequence of events in the Corn treatment – including potential minor soil 

disturbance during no-till planting, application of fertilizers, the complete removal of the 

dense corn canopy at harvest, and the subsequent opening of gaps in the perennial sward 

– likely created a unique ‘window of opportunity’ or ‘regeneration niche’ (GRUBB, 

1977). Changes in environmental factors (e.g., light availability, temperature fluctuations, 

nutrient levels, and potentially altered soil moisture) are known triggers for breaking seed 

dormancy and stimulating germination in soil seed banks (BOSSUYT HERMY, 2003; 

WELLSTEIN et al., 2007; RAYBUN et al., 2016). Species residing in the seed bank, 

perhaps suppressed under the previously dense perennial canopy or requiring specific cues 

provided by the disturbance, could germinate and establish in the postharvest 

environment. This influx of species germinating from the seed bank likely explains the 

sharp increase in richness (q=0) and overall diversity (q=1, q=2) observed in the corn 

treatment during the Winter and Final periods (Figures 2).  
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The divergent diversity trajectories among the treatments further reinforced the 

seed bank hypothesis. The deferred treatment, characterized by a lack of disturbance 

during the summer, experienced a decline and subsequent stagnation of diversity, 

particularly for common species (q=1) (Figures 1). This suggests that without disturbance, 

dominant perennial species likely consolidated their hold through competitive exclusion 

(ISBELL et al., 2015), preventing the expression of potential diversity stored within the 

seed bank. The continuously grazed treatment, representing a chronic but potentially less 

intense or temporally focused disturbance than the corn cycle, maintained an intermediate 

diversity level. Although grazing creates small-scale gaps, it might not provide the same 

strong, synchronized germination cues, or the same extent of niche availability as the post-

corn harvest environment, thus potentially limiting the full expression of the seed bank 

compared to the Corn treatment. 

 

5.4 Alignment with Ecological Theory  

These observations resonate with the Intermediate Disturbance Hypothesis (IDH), 

which proposes that species diversity is often maximized at intermediate levels of 

disturbance frequency, intensity, or scale (CONNELL, 1978; ROSWELL; DUSHOFF; 

WINFREE, 2021). The annual cycle of corn planting and harvest in the corn treatment 

can be conceptualized as a relatively intense but temporally defined disturbance event that 

occurs once per year. This periodic disturbance appears to have prevented the competitive 

dominance observed under deferment while simultaneously creating sufficient 

regeneration opportunities for seed bank species, ultimately promoting higher diversity 

than either the low (deferred) or chronic disturbance (YRG) scenarios in this specific 

context (FABŠIČOVÁ et al., 2024). 
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5.5 Understanding the Low Diversity in the Deferred Treatment 

The consistently lowest diversity observed in the deferred treatment at the end of 

the experiment warrants further investigation. Although deferment is often considered a 

conservation-oriented practice that allows pastures to rest and set seeds, prolonged 

deferment without any intermediate disturbance can lead to the dominance of highly 

competitive species (ISBELL et al., 2015; GÜSEWELL et al., 2005). In this established 

perennial pasture, the summer rest period allowed robust perennial grasses (e.g., Festuca 

and Dactylis) to form a dense, closed canopy, outcompeting less vigorous grasses, 

legumes, and forbs for light and other resources. This competitive exclusion process 

reduces species evenness (reflected in the low q=1 values) and can eventually lead to the 

loss of less competitive species (reduced q=0). The subsequent introduction of grazing in 

autumn/winter was insufficient to reverse this trend within the timeframe of the present 

study. This highlights that simply removing grazing pressure is not always beneficial for 

maximizing diversity, especially in productive environments, where competitive 

exclusion can proceed rapidly. 

5.6 Seasonal Biomass Distribution and Management Implications 

 The distinct seasonal biomass distribution patterns observed under each 

management strategy (Table 2) necessitate tailored management approaches, beyond 

simply considering the total annual yield. The Corn integration strategy, while 

maximizing summer biomass, illustrates this with its pronounced autumn forage gap. As 

highlighted previously (Section 4.4), this gap, directly resulting from the corn harvest 

cycle within the ICLS framework, requires proactive management interventions, such as 

planned supplementation or access to alternative grazing areas, to bridge the feed deficit 

during this critical period (ASSMANN et al., 2020). 
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Conversely, the Deferred strategy highlights how managing seasonal biomass 

accumulation can effectively address feed shortage. By allowing summer growth to be 

stockpiled, it ensures biomass availability during autumn, offering more stability during 

this transitional period than the corn system. However, attention must be paid to the 

decline in forage nutritive value as stockpiled material matures, which can reduce its 

effectiveness without supplemental management strategies (GUAMÀN RIVERA et al., 

2023; GILHAUS; HÖLZEL, 2016). 

The Year-Round Grazing system, characterized by its summer slump and strong 

spring compensatory growth, requires a different management focus. Strategies under the 

YRG must concentrate on managing grazing pressure to navigate low summer 

productivity while optimizing the utilization of high biomass production during favorable 

spring conditions. The resilience observed, linked to tiller dynamics and recovery 

mechanisms (SBRISSIA et al., 2020; PITARO et al., 2025), highlights the importance of 

management practices that support pasture persistence and regrowth potential following 

periods of stress. 

 

 

 

 

6 Conclusions and implications 

Our findings demonstrate that corn integration significantly enhances total annual 

biomass production compared with traditional management strategies, effectively 

addressing the critical summer forage deficit characteristic of Southern Brazil's Cfb 

climate region. However, it is crucial to highlight that this production advantage comes 
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with a significant management challenge: the corn treatment resulted in approximately 

half a year without grazing availability (only a single grazing event after the maize 

harvest). This extended period without pasture access creates substantial difficulties in 

maintaining consistent livestock feeding throughout the annual cycle, which requires 

careful planning and alternative feed resources. 

The management implications of this grazing gap cannot be understated. 

Producers implementing corn integration must allocate only a fraction of their total 

pasture area to corn production (maintaining the remainder for continuous grazing), invest 

in supplementary feeding systems, or develop a staggered planting approach across 

multiple paddocks. Each of these strategies introduces additional complexity and potential 

costs that must be carefully weighed against production benefits. 

Despite this significant limitation, our findings regarding plant diversity dynamics 

were remarkable, as we observed that the greatest diversity occurred in the corn-integrated 

system and not in the least disturbed treatment. This challenges the conventional wisdom 

regarding disturbance effects in established grasslands and highlights the importance of 

considering the role of soil seed banks in resilience and recovery. The disturbance created 

by the corn cycle appears to have stimulated dormant seeds while preventing competitive 

exclusion, creating favorable conditions for a diverse plant community to emerge post-

harvest. 

These results present a critical challenge for sustainable intensification strategies 

in temperate and subtropical regions. They indicate that the integration of annual crops 

within perennial pastures, despite its potential to address production gaps and enhance 

ecological attributes like plant diversity, is not an economically viable strategy for cost 

reduction or efficiency gains. The substantial financial outlay required for its 

implementation appears to negate the potential returns from increased productivity . 

Future studies should investigate the long-term implications of repeated corn 

integration cycles on soil health, pasture diversity, and biodiversity over multiple years. 

Additionally, exploring different annual crop options, timing of integration, and 
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management approaches could further optimize these systems for different agricultural 

contexts, particularly focusing on minimizing the grazing gap duration. Economic 

analysis can also help determine the practical feasibility of implementation for farmers 

across diverse operation types and scales, accounting for additional management 

requirements during the non-grazing period. 
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