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 LAY SUMMARY 

This research aimed to understand productivity and good management practice (GMP) 

adoption among cow-calf operations in Río Negro Province, Argentina. A survey of 142 of 

1,229 operations in Avellaneda and Pichi Mahuida counties provided data on productivity 

measures, herd structure variables, and GMP adoption. Productivity was measured as 

the number of calves per 100 cows and the number of calves per 100 hectares. Cow-calf 

operations were then analyzed based on the county of origin and adoption of the breeding 

season. Operations were then grouped according to the main GMPs adopted, and the 

productivity was calculated to assess the performance of each group. The analysis revealed 

that operations with a three-month breeding season exhibited better productivity metrics than 

those with year-round breeding. Additionally, three distinct farm types of cow-calf operations 

were identified, each with different profiles based on GMP adoption.  The high GMP 

adoption cluster showed significantly higher productivity (85 calves/100 cows) than the other 

clusters did. These findings help to understand the cow-calf operation segment and could 

guide targeted interventions to improve productivity in Rio Negro’s cow-calf operations by 

promoting the adoption of GMPs. 

TEASER TEXT 

The cow-calf operations management clusters enhanced our understanding of the beef cattle 

sector in Río Negro province, Argentina. Three different clusters were identified according to 

GMP adoption combined with productivity measures, representing a fundamental insight to 

design extension programs to promote and encourage GMP adoption, thus improving herd 

productivity 
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ABSTRACT 

This research was conducted to gain more insight into the productivity and good management 

practice (GMP) adoption of cow-calf operations in Río Negro Province, Argentina. The 

objectives were to characterize productivity and management profiles according to GMP 

adoption, identify herd clusters, and describe the performance and productivity within each 

specific cluster. A survey sample of 142 out of 1,229 cow-calf and cow-calf to-finish 

operations from Avellaneda and Pichi Mahuida counties provided data on productivity, herd 

structure, and GMP adoption. The productivity variables, calves per 100 cows (C/100 c) and 

calves per 100 ha (C/100 ha), were described statistically using quartiles, and differences by 

county according to the three-month breeding season adoption were explored. Moreover, 

herd structure and GMP-related variables were subjected to multiple correspondence analysis 

(MCA) with complete-link hierarchical cluster analysis to typify the operations. A total of 

127 out of 142 farmers provided productivity data, showing median values of 79.00 C/100 c 

(Q1= 67.00; Q3= 85.00) and 4.58 C/100 ha (Q1= 2.78; Q3= 8.00). A Significant difference 

was found between three-month and year-round breeding operations for both variables (82.00 

C/100 c vs 75.50 C/100 c; P=0.0006 and 5.60 C/100 ha vs 3.97 C/100 ha; P=0.0072). Three 

farm clusters (Cl) were identified: Cl 1 (low adoption), Cl 2 (moderate transition), and Cl 3 

(GMP-oriented). Cl 3 showed the highest GMP adoption level, and a significant difference 

was found in the C/100 c variable (85.00 C/100 c vs. 76.00 and 80.00 for Cl 1 and 2, 

respectively; P=0.0233). Cluster profiling enhances our understanding of the cow-calf 

operation segment and highlights the importance of GMP adoption for improving 

productivity in cow-calf operations. The results should be interpreted with caution due to the 

limitations of a cross-sectional study showing correlational associations. Nevertheless, it 

provides insights for designing science-based and targeted interventions to improve the 
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performance of the beef cattle industry in Río Negro, Argentina, and may be the basis for 

prospective or interventions studies in the future. 

Keywords: clusters, cow-calf operation, beef cattle, good management practices, survey, 

typification. 

List of abbreviations: 

AU, Animal Unit 

DM, dry matter 

GMP, Good Management Practices 

Cl, cluster 

z, confidence interval 

𝑎, amplitude 

C, calves weaned in 2020 

c, total number of cows during 2019 

ha, hectares 

Q2, second quartile 

IQ range, interquartile range 

Q1, first quartile 

Q3, third quartile 

RF, relative frequencies  

MCA, multiple correspondence analysis  

PCA, principal component analysis 

BS, breeding season 

HW, hired workers 

PD, pregnancy diagnosis 
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BSE, heifer breeding soundness evaluation  

PC, principal components 

US, United States 

BQA, Beef Quality Assurance  

LW, live weight 
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INTRODUCTION 

The Rio Negro province belongs to the “eastern monte of northern Patagonian” 

ecoregion in Argentina [Ministerio de Agricultura, Ganadería y Pesca (MAGYP), 2021], and 

is limited by sanitary barriers, considered as a foot-and-mouth disease-free region without 

vaccination [Programa de Servicios Agrícolas Provinciales (PROSAP), 2015]. The province 

is mainly fruit producing, but the 1,1% participation in the bovine national stock [Ministerio 

de Hacienda (MH), 2017] makes beef cattle production relevant, since it is impossible to 

import meat or purebred animals from the north of the barrier. Valley and plateau plains are 

the regions described with a high percentage of native plant species (Peralta and Klich, 2021; 

Bertani, n.d). The climate is cold and dry, and the rainfall is 277 mm for Choele Choel city 

from Avellaneda County (Bertani, n.d.). Native vegetation in plateau plains (Bertani, n.d.) 

produces 221-383 kg dry matter (DM)/ha (PROSAP, 2015) in extensive cattle-raising areas 

(Bertani, n.d.) with stocking rates varying from 7.4 to 13.2 animal units per hectare (AU/ha, 

PROSAP, 2015). Implanted species such as corn, oats, and barley, as well as annual and 

perennial legumes and grasses, are distributed along the valley plain under irrigated 

conditions, producing 7-9 tn DM/ha; 7-8 tn DM/ha, and 6 tn DM/ha, respectively (PROSAP, 

2022) in an intensive agricultural area (Bertani, n.d.) with stocking rates of 5.8 AU/ha 

(PROSAP, 2015). 

Given these geographical and climatic conditions, the beef cattle population in Río 

Negro province was approximately 695,179, mainly located in the east, especially in 

Avellaneda (27.0%), Pichi Mahuida (21.1%), Adolfo Alsina (16.6%), and General Conesa 

(14.8%) counties (SENASA, 2023) with Aberdeen Angus and Hereford as the predominant 

breeds (PROSAP, 2015). Production is extensive, and according to the steer-to-cow ratio of 

0,07 (27,960/360,286) [Servicio Nacional de Calidad Agroalimentaria (SENASA), 2020], it 
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is non-corporate cow-calf production in marginal regions where calf retention is not 

economically viable (Rosemberg, 1986). The ratio between calves weaned (C) and the total 

number of mated cows (c) expressed as C/100 c, a non-precise indicator of weaning rate, is in 

the range of 53–60%, with a calf harvest of 0.04 calves/ha/year and a herd efficiency in the 

range of 13–27%, indicating the number of calves weaned based on the total number of cows 

in the inventory (PROSAP, 2015). Weaning is performed at 6 months (MAGyP, 2021) with 

150 kg at no specific moment of the year due to the high percentage of year-round breeding 

herds (PROSAP, 2015). This practice could be adopted because cattle breeding generates the 

possibility of obtaining additional income due to cattle ownership, and it is supported by the 

stability of productive indicators during the last 50 years. Consequently, being a cattle owner 

tends to compensate the productive inefficiency measured as weaning or calving rate (Ponssa 

et al., 2019) 

Economical aspects contrast with cattle breeding efficiency, since it takes place in 

extensive grazing systems, as occurs in Rio Negro province, demanding seasonal 

management with the adoption of a three-month breeding season to get a 12-month calving 

interval (Marx, 2008), being the goal of the cow-calf operation system. Consequently, overall 

productivity is evaluated through calf production at weaning, reinforcing reproductive 

performance of cows (Marx, 2008; Herring, 2014). In contrast, reports concerning 

reproductive failures, year-round breeding, poor nutrition, absence of health programs, and 

deficient feeding management have been described among Río Negro cow-calf operations 

(PROSAP, 2015). Despite this, there is no systematic description of beef cattle herds in Rio 

Negro, using a probabilistic sampling design depicting farm typology according to Good 

Management Practices (GMP) and productivity. Conversely, typologies have been used in 

dairy production systems to describe health standards for mastitis status (Visio et al., 2013), 

and replacement heifer management (Demateis Llera, 2021). Identifying farm clusters may 
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help understand the heterogeneity of the beef cattle management segment and properly design 

policy interventions by targeting similar groups (Alemu et al., 2016).   

Based on a previous and regional study in Argentina characterizing beef cattle by 

identifying technologies to improve productivity (Gregoretti et al., 2024), the hypothesis of 

this study is that there are significant differences in productivity (C/100c and C/100 ha) in 

cow-calf and cow-calf to-finish operations in Rio Negro Province, Argentina, characterized 

by different levels of GMP adoption; farms with higher GMP adoption have better 

productivity measures. The objectives of this study were to 1) characterize productivity and 

management profiles according to GMP adoption and, 2) identify herd clusters (Cl) and 

describe the performance and productivity within each specific cluster among Rio Negro 

cow-calf and cow-calf to-finish operations.  

MATERIALS AND METHODS 

STUDY POPULATION 

The research target population was 3,129 operations from the Río Negro province, 

with a herd size of ≤ 250 cows for 85% of them. The sampling frame was restricted to 

Avellaneda and Pichi Mahuida counties, where 48,1% of the cows were located (SENASA, 

2020), and distributed among 1,229 cow-calf and cow-calf-to-finish operations. The 

experimental units were operations with cows, involving cow-calf and including cow-calf-to-

finish as a technological improvement of cow-calf operations by calf retention decision 

(Rosemberg, 1986).  The sample size was calculated using the equation 𝑛 = (
2𝑍1 − 𝛼 2⁄

𝑎
)

2

∗

0.25  (Infostat, 2011) to estimate a proportion of 50% or less, with a 95% confidence interval 

(z) and amplitude (𝑎) smaller than 0.6. Subsequently, 145 cow-calf operations were selected 

through stratified random sampling according to herd size distribution. The strata were 
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conformed considering 250 cows, and depended on the 33rd percentile, with the following 

strata distribution for Avellaneda County: 1 (10–20 cows), 2 (21–70 cows), and 3 (71–250 

cows); and Pichi Mahuida County: 1 (10–60 cows), 2 (61–130 cows), and 3 (131–250 cows). 

The final sample consisted of 142 cow-calf operations, because three refused to participate, 

resulting in 71 farmers from each county.   

DESIGN AND DATA COLLECTION 

This study involved a cross-sectional survey tailored based on published data and 

local veterinarians´ opinions (Young et al., 2012) to gather information on productivity, herd 

structure, and GMP adoption. The survey included 76 questions divided into six main topics: 

1) breeding herd structure and facilities; 2) enterprise characteristics (family labor, hired 

workers, and advisers); 3) cows, bulls, and heifers’ reproductive and nutritional management; 

4) cows, bulls, and heifers’ health management; 5) calf management; and 6) productivity 

measures.  The questions were asked considering current practices, except for courses taken, 

accounting for a respondent’s lifetime as a period. The calf/cow ratio was used to evaluate 

productivity as a proxy variable for weaning rate (PROSAP, 2015; Olmo et al., 2016). This 

was calculated using the calves weaned in 2020 (C) divided by the total number of mated 

cows (c) during the previous year and expressed by 100 cows as follows: C/100 c. In 

addition, a secondary ratio was calculated using the calf harvest during 2020 divided by an 

area of 100 ha and expressed as follows: C/100 ha. Finally, a defined breeding season was 

established for no longer than 3 months [U. S. Department of Agriculture, Animal, and Plant 

Health Inspection Service, Animal Health NAHMS (USDA), 2009; Herring, 2014].  

The survey was phone-delivered and conducted between May and November 2020 

and no ethical oversight or institutional approval was required. The potential participants 

were contacted through a farmers’ organization named Sociedad Rural Argentina, and a letter 
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describing the study objectives and scope was sent to them following Vissio et al. (2013). 

Then, participants were included in the study upon their consent. The survey was pre-tested 

by inviting 13 farmers to participate, following Demateis Llera et al. (2010) and Sheppard et 

al. (2015) guidelines. Ultimately, 129 farmers were surveyed to complete the final sample of 

142 herds (13 pre-tested and 129 post-tested). 

DATA ANALYSIS 

            The quantitative variables C/100 c and C/100 ha were described using the second 

quartile (Q2) and the interquartile range (IQ range), calculated using the first (Q1) and third 

quartile (Q3) as 𝑄1 − 𝑄3 . Subsequently, the Wilcoxon signed-rank test was used to evaluate 

differences between county and breeding season herd adoption using a threshold of 

significance of P < 0.05. Categorical, herd structure, and GMP-related variables were used to 

describe the management profile by employing absolute and relative frequencies (RF, 

Infostat, 2011).   

The herd structure and GMP-related variables with an RF smaller than 0.85 were 

subjected to Multiple Correspondence Analysis (MCA) within each topic to reduce 

collinearity. Variables with greater RF were not included in the MCA due to a lack of 

variability (Gaspar et al., 2008). High relative weight variables considering ax 1 were 

selected to typify operations and submitted to complete-link hierarchical cluster analysis 

using Gower as the measure of distance (Vissio et al., 2013; Dematteis Llera, 2010). The 

Kruskal-Wallis test was used to evaluate the differences in productivity between Cl with a 

threshold of significance of P < 0.05, and principal component analysis (PCA) was performed 

to depict a graphical cluster distribution. The optimal number of clusters was determined by 

examining the dendrogram and identifying the level at which the largest increase in linkage 

distance occurred, indicating natural group separation. Additionally, the variance explained 
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by two principal components (PC) showed how the reduced-dimensional representation 

captured the underlined structure of the original data, and the cophenetic correlation 

coefficient assessed the dendrogram`s fidelity to the original dissimilarities. Subsequently, 

optimal clustering was retained only if it could be interpreted (Infostat, 2011).   

RESULTS 

PRODUCTIVITY CHARACTERIZATION OF THE POPULATION UNDER STUDY 

Three out of 145 farmers refused to participate, resulting in a 98% response rate.  This 

sample represented nearly 11.5% of the farmer population in both counties. Among them, 

127 (89%) provided data to calculate productivity. The medians for the entire sample were 

79.00 (Q1= 67.00; Q3= 85.00) and 4.58 (Q1= 2.78; Q3= 8.00) for C/100c and C/100 ha, 

respectively. A significant difference was found for C/100 ha between counties (3.29 vs 5.21; 

P=0.0488), and C/100c and C/100 ha ratios were higher for herds adopting a three-month in 

contrast to year-round breeding season (BS; 82.00 vs. 75.50, P=0.0006 and 5.60 vs 3.97, 

P=0.0072; Table 1) 

MANAGEMENT PROFILE ACCORDING TO GMP ADOPTION 

The studied farms were located mainly in the plateau plain region (81%), with an even 

distribution of cow-calf (49%) and cow-calf-to-finish operations (51%, Table 2). These farms 

had an area and herd size of up to 2,500 ha (59%) and 200 cows (74%), respectively (Table 

2). The median values for area and herd size were 2,500 ha (Q1= 1,100; Q3= 5,000) and 123 

cows (Q1= 58; Q3= 210), respectively. Aberdeen Angus and Hereford were the predominant 

breeds in these herds, and most farms had adequate facilities (93%, Table 2). 
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             Almost all of the studied operations were family farms, with at least one family 

member involved, and 58% did not hire workers. Most farmers had completed elementary 

school, one-third high school, and one-third university studies, and were aged 41–60 years. 

Elementary school education was predominant among hired workers (HW), and the age range 

was the same as that of the farmers. Veterinarians technically advised most farmers (74%) on 

specific demands (57%) and only 37% farmers discussed GMP adoption with their advisers. 

A total of 18% of the farmers were able to provide information about pregnancy and weaning 

rates (Table 3). 

             Regarding breeding management, most performed natural services with pure-breed 

bulls, and had a year-round breeding system. Moreover, pregnancy diagnosis (PD) and 

calving monitoring were not commonly adopted (Table 4), and most of the reproductive 

animal categories were fed native vegetation (94%) without measuring corporal conditions 

(74%, Table 5). The most reported health practices were vaccination against brucellosis 

(96%), deworming (73%), and mineral vitamin supplementation (64%, Table 6). In addition, 

the calves were weaned between 3 and 6 months (68%), nurtured, and fed native vegetation 

(63%) using a complete vaccination protocol (84%, Table 7). 

CLUSTERS DESCRIPTION FOR GMP ADOPTION AND PRODUCTIVITY 

Cluster (Cl) analysis of operations yielded the most significant results for a three-

cluster solution considering the following herd structure and GMP adoption variables: 

production area, combined operations in different production areas, beef cattle production 

system, family labor supply, external labor supply, HW educational level, technical adviser, 

type of technical assistance, BS, bull origin, heifer breeding soundness evaluation (BSE), PD 

and methods, date of PD, bull test for venereal diseases, brucellosis heifer test, dog 

D
ow

nloaded from
 https://academ

ic.oup.com
/tas/advance-article/doi/10.1093/tas/txaf110/8248964 by guest on 08 Septem

ber 2025



Acc
ep

ted
 M

an
us

cri
pt

 

 

deworming, calf age at weaning, and calves` vaccination protocol. Consequently, each of the 

three Cl had a unique profile, and the characteristics of each Cl are described in Table 8. 

Cluster 1 included 41 farms mostly specializing in cow-calf to-finish operations, 

mainly located in the plateau plain region combined with operations in the valley plain near 

the Negro River. The labor supply was external, and most had only completed their 

elementary education. In this Cl, most farms had year-round breeding herds. Related to other 

practices, PD and bull tests for venereal diseases were not performed, and health management 

of the weaned calves was deficient. Most farmers performed the brucellosis heifer test and 

had the highest number of non-dewormed dogs. Regarding technical assistance, this Cl 

profile presented low-frequency herd professional advice.  

           Cluster 2 included 82 farms specializing in cow-calf operations, mainly located in the 

plateau plain region. They usually did not hire workers, and family labor prevailed. This Cl 

showed a high percentage of year-round breeding herds, but a moderate percentage of the 

farmers had a BS lasting from four to six months during the year. Moreover, the majority of 

calves were weaned, but showing poor health management. Like Cl 1, farmers did not 

perform PD and tests for venereal diseases, but they practiced the brucellosis heifer test. 

Unlike Cl 1, it had more regular technical assistance.  

            Finally, Cl 3 included 19 farms specializing in cow-calf to-finish operations, sharing 

the same spatial distribution as Cl 1. The labor supply was predominantly external with no 

formal education. Farmers in this cluster adopted a defined BS and performed PD by using 

transrectal palpation and ultrasonography of the uterus. In addition, bull tests for venereal 

diseases, brucellosis heifer tests, and calves’ vaccination protocols during weaning had been 

widely adopted by farmers. Moreover, they showed the highest percentage of farms without 

D
ow

nloaded from
 https://academ

ic.oup.com
/tas/advance-article/doi/10.1093/tas/txaf110/8248964 by guest on 08 Septem

ber 2025



Acc
ep

ted
 M

an
us

cri
pt

 

 

dogs, and those with dogs had them dewormed. All the farms received regular technical 

assistance from veterinarians and agronomists.  

Regarding the ratios used to describe the performance of the operations, herds 

belonging to Cl 3 showed higher median values for the C/100 c variable than those included 

in Cl 1 and Cl 2 (85 C/100c for Cl 3 vs 76 C/100c and 80 C/100c for Cl 1 and 2, respectively; 

P= 0.0233; Table 9). According to the PCA, the dimensionality was reduced for a clearer 

visualization of the multivariate information as a pattern of differences among clusters into 

two axes of PC (Fig. 1). These PC explained 29% of the total variability in the dataset, and 

the contributions of the variables to each PC (PC loadings) and the variance of the data set 

explained by each PC (eigenvalues) are listed in Table 10. Finally, the cophenetic correlation 

coefficient was 0.65.  

DISCUSSION 

The findings revealed significant differences in productivity among the profiles of 

operations in Rio Negro Province, Argentina; characterized by different levels of GMP 

adoption. In this sense, operations from Cl 3 with higher GMP adoption presented better 

productivity. The biplot was useful to detect patterns, attempting to verify rather than identify 

that a given cluster dissection looks reasonable (Jolliffe, 2002). Cluster 3 (green-colored) 

showed a distinct spatial separation, suggesting a unique profile, in contrast to Cl 1 (red) and 

2 (yellow) that overlapped partially (Fig. 1). These patterns were confirmed by describing 

similarities in GMP among Cl. The cophenetic correlation indicates a moderate relation 

between distances in the reduced and original space, if a value of 0.81 is consider as a high 

relation (Vissio et al., 2013). This suggests that the PCA-based clustering provides a 

reasonable, though not perfect, summary of the data structure (Sokal and Rohlf, 1962).  
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The GMP involved in this research matches the main challenges in cow-calf 

operations, as Martin et al. (2018) identified in the US. Although the C/100 ha values did not 

differ from the Argentinian average (PROSAP, 2015), the C/100 c values were higher than 

the 59.7% Argentinian average (SENASA, 2023), 75% Australian average (Burns et al., 

2010), and between 75% and 93% reported for the US (Short, 2001). While this value was 

around the recommended weaning rate benchmark of 85% (Marx, 2008) for the whole 

dataset, it could be overestimated, especially among year-round breeding herds. Previous 

studies have explored the correlation between calves born and weaned, being moderate to 

high positive (Martinez et al., 2004). This supports the use of calves born as a proxy for the 

weaning rate by Olmo et al. (2016) as a reproductive outcome due to the absence of abortion 

rate and calving intervals data. The calving interval may not be a precise indicator, especially 

in year-round breeding herds, as observed in this study and reported by Kugler et al. (2008) 

for the region. Despite its imprecision, C/100 c has been used in previous reports in Rio 

Negro province establishing useful values for comparison, such as 60% (Kugler et al., 2008) 

and 35-65% (PROSAP, 2015). Moreover, Kugler et al. (2008) proposed early weaning in 

year-round breeding herds to reduce the calving interval, helping to establish a breeding 

season. Nevertheless, more efforts should be made to promote a three-month BS adoption, 

emphasizing tradition as the most important factor to determine calving season (USDA 

NAHMS, 2009) and considering that increased age of farmers reduces the likelihood of 

adoption, related to the labor requirements for handling animals with the potential risk of 

injuries, suggesting that if older farmers do not adopt this practice at an earlier age, they are 

unwilling to change as they age (Ward et al., 2008). 

The cluster analysis revealed different profiles on a defined BS, as the main GMP. 

This is the most impactful management tool because it is deeply involved in improving 

profitability (Benner et al., 2018), as was observed in this study, for C/100c and C/100 ha 

D
ow

nloaded from
 https://academ

ic.oup.com
/tas/advance-article/doi/10.1093/tas/txaf110/8248964 by guest on 08 Septem

ber 2025



Acc
ep

ted
 M

an
us

cri
pt

 

 

variables, showing significant differences for herds adopting it.  It is due to the adjustment 

between herd nutritional requirements and environmental supplies (Fontes et al., 2020) for 

seasonal management. Only Cl 3 adopted this practice, but for Cl 1 and Cl 2, this was not the 

rule. Consequently, it is reasonable to name Cl 3 as GMP-oriented, because it allows other 

practices to be consolidated (Fontes et al., 2020). 

Establishing a three-month BS consistent with 86.7 days (USDA NAHMS, 2017a) 

and 2.2–3.5 months (Sheppard et al., 2015) is an improvement opportunity for farmers in Cl 1 

and 2, through reproductive efficiency (White, 2014) by culling all non-lactating cows (Burns 

et al., 2010). Despite showing a high percentage of year-round breeding season herds for Cl 

2, consistent with the 54.5% reported by USDA NAHMS (2009), it is possible to name this 

Cl as “moderate transition”, due to BS length from four to six months (Benner et al., 2018), 

though a longer breeding period allows a cow to be rebred after early embryonic death or 

abortion, it also leads to late calving (White, 2014). Finally, Cl 1 was named as “low 

adoption”, having the highest percentage of year-round breeding season herds. In this cluster 

is difficult to establish a front-end loaded pattern (Fontes et al., 2020), with 65% of cows 

breeding a 21-day cycle (White, 2014), managing the herd as a homogeneous group (Herring, 

2014) and consequently, a three-month BS allowing testing for venereal diseases, attending 

calves at delivery, and performing PD (USDA NAHMS, 2009; Jelinsky et al., 2015). 

The PD practice provides information regarding the success of the BS (White, 2014). 

This practice was common for Cl 3, with similar values of 48.9% (Jelinsky et al., 2015) and 

50% (Waldner et al., 2013) for Canadian beef cattle. However, Cl 1 showed a low adoption 

level, similar to 19.3% (USDA NAHMS, 2017a). Regarding the methods displayed, 

transrectal palpation predominated, and ultrasonography was only remarkable in Cl 3, 

analogous to 8.8% (USDA NAHMS, 2017a). This method makes it possible to detect an 
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embryo between 26 and 33 days with 97.7% sensitivity (Pieterse et al., 1990), depicting a 

reproductive profile using gestational age data (White, 2014; Larson et al., 2016;). Finally, Cl 

3 not only showed that PD can be enhanced through ultrasonography but also highlighted its 

adoption at weaning to segregate all non-lactating cows (Burns et al., 2010). 

Transrectal palpation and ultrasonography are also useful for BSE in females. It is a 

practice performed before the onset of the BS, involving body weight monitoring, 

reproductive tract scoring, and pelvic area measurement (Larson et al., 2016). For heifers, 

BSE is critical for calving at 2 years, weaning 138 kg more than calves born from 3-year-old 

heifers (Nuñez Dominguez et al., 1991). According to this, only Cl 3 had the highest 

percentage of farmers combining some of the techniques mentioned above, even though in all 

clusters, an external observation was mostly performed. Moreover, BSE was practiced in 

bulls, involving tests for venereal diseases, semen analyses, and scrotal circumference 

measurement (USDA NAHMS, 2017a). Specifically, bull tests for venereal diseases were not 

performed before the beginning of the BS by a high percentage of farmers in Cl 1 and Cl 2, 

similar to 21.3% reported in Saskatchewan (Jelinski et al., 2015). Unlike Cl 3, values were 

similar to 53.6% (USDA NAHMS, 2017a) and 60.3 % (Waldner et al., 2013), showing higher 

levels of adoption. Although BSE includes more than just this test, its adoption enables the 

detection of sub-fertility bulls with potentially devastating effects (Diskin and Kenny, 2016).  

According to a survey conducted in the United States (US) and Canada, weaning 

calves to induce estrus is highly recommended by 100% of veterinarians (Fike et al., 2017). 

In this regard, almost all Cl 3 and a smaller number of Cl 2 farmers had adopted it, which is 

in contrast with Cl 1. Moreover, not only weaning adoption but also age and methods need to 

be considered. Regarding age, 64% of veterinarians recommended weaning between three 

and six months (Fike et al., 2017), comparable to this study, with the highest percentage of 
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farmers weaning calves at six months belonging to Cl 3. This value is close enough to the 

five months reported by Story et al. (2000), with the benefits of improving body condition 

scores in cows. Finally, regarding methods, all farmers performed weaning immediately 

before selling, which is a less recommended practice (Fike et al., 2017). In contrast, other 

studies have suggested weaning with complete or minimal separation and the use of anti-

suckling devices (Fike et al., 2017; Wilson et al., 2017) to reduce stress within a 

preconditioning program (Wilson et al., 2017). 

A preconditioning program includes a calf vaccination protocol before weaning, 

which was adopted by 74.5% of respondents regarding cow-calf practices in the US (Martin 

et al., 2018). The present study showed higher values for Cl 3, similar to 85.3% (Waldner et 

al., 2013), and 90% (Fike et al., 2017) reported among Canadian and US beef herds, 

respectively. In the US, the most common vaccinations for calves were infectious bovine 

rhinotracheitis (IBR, 51.8%), parainfluenza 3 virus (PI 3, 45.9%), bovine respiratory 

syncytial virus (BRSV, 47.8%), Clostridium chauvoei and/or Clostridium septicum and/or 

Clostridium novyi and/or Clostridium sordellii (47.4%) and Clostridium perfringens (34.4%, 

USDA NAHMS, 2017b). In Argentina, the same vaccines are used, except for the inclusion 

of anthrax, responsible for two outbreaks in 2018 in the province of study (SENASA, 2019a), 

even though it is not a mandatory practice. Foot-and-mouth disease and brucellosis are 

mandatory vaccinations in Argentina. Brucella abortus strain 19 is applied to female calves 

from 3 to 8 months in all the provinces except in Tierra del Fuego (SENASA, 2019b) and 

foot-and-mouth disease is applied to every category in all the provinces except the 

Patagonian region (SENASA, 2010). Except for brucellosis, nearly 100% of farmers in Cl 1 

and Cl 2 did not adopt a calf vaccination protocol. This is similar to other categories with 

reports promoting vaccination protocol adoption in heifers and cows to prevent reproductive 

diseases (PROSAP, 2015). Ideally, to improve immune functions, calves should be 
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preconditioned by weaning 45 days before sale, performing two series of clostridial and viral 

vaccinations, castration, dehorning, and feed bunk adaptation (Wilson et al., 2017).  

The most common advisers in operations that promote GMP adoption are 

veterinarians (Ward et al., 2008; Griffin, 2009; Jelinsky et al., 2015). In this study, regardless 

of the cluster, veterinarians were the most common advisers, with an even higher percentage 

than the 50.8% reported by the USDA NAHMS (2009) and nearly 62.7% reported by 

Waldner et al. (2013). This contrasts with Cl 3, having both veterinarians and agronomists. 

Nevertheless, the farmers’ technical assistance across any cluster mostly relied on disease-

related demands, such as diagnosis, treatment, or prevention, as reported by the USDA 

NAHMS (2009) and Gonzalez Padilla et al. (2019). Professional assistance should encourage 

farmers to focus on practices to reduce labor by using computerized records (Ward et al., 

2008) for financial decisions (USDA NAHMS, 2009) for at least three years (Griffin, 2009), 

which was uncommon in this research, regardless of the cluster.  

Good Management Practice’s adoption depends on the availability of adequate 

facilities and human capital. In this study, facilities did not represent a restriction, unlike a 

study carried out in Mexico, and probably related to low GMP adoption levels (Gonzalez 

Padilla et al., 2019). Regarding human capital, more advanced age and lower education level 

reduce the likelihood of adopting a defined BS and PD (Ward et al., 2008). According to this, 

the farmers’ average age in this study, regardless cluster, was within 40 to 60 years, as 

reported by Jelinsky et al. (2019), and 53 to 65 years reported by Alemu et al. (2016), both 

for Canadian beef cattle. Regarding educational level, the highest percentage of HW had 

elementary school, as Vissio et al. (2013) reported on dairy farms in Cordoba, Argentina 

(60.8%). Unlike in the US, the HW highest percentage had a high school degree or lower, 

within the range of 42–79% (Short, 2001). Focusing on education or training can be an 
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opportunity for farmers in Cl 1 and 2 to adopt reproductive management practices (Ward et 

al., 2008). This is supported by a study where producers with a college degree are more likely 

to adopt technology, management practices, and production systems by enhancing the ability 

to process information (Pruitt et al., 2012). This is remarkable because Beef Quality 

Assurance (BQA) certification increases as age decreases (Martin et al., 2018), and it is 

limited by educational level (Griffin, 2009). As a summary, cow-calf farmers are lower 

adopters of management practices than dairy and hog producers (Pruitt et al. 2012) and the 

percentage of income dependence of beef cattle is an indicator of adoption (Ward et al., 

2008). 

The sampling fraction was close to 14.2% (Jelinski et al., 2015) and 12.3% (Fike et 

al., 2017) for beef cattle, with a response rate exceeding 85%, which is deemed adequate 

(Singleton and Straits, 2010) and supports reliable estimates from the study (Groves, 2006). 

A phone-delivered survey (Alemu et al., 2016; Sheppard et al., 2015) presents advantages 

and disadvantages (Gubrium et al., 2012). Nonetheless, the assistance from farmers' 

organizations may have contributed to achieving a high level of participation, as noted by 

Vissio et al. (2013). 

Finally, through the Cl description, three different profiles of GMP adoption were 

identified and associated with productivity as found by Gregoretti (2024) for Santa Fe 

Province, Argentina.  An improvement of 70 and 96% was determined for kg live 

weight/ha/year (LW/ha/year) and gross margin US dollars/ha (U$S/ha), respectively. This 

was due to technological adoption such as increasing forage supply and improving herd 

management techniques (Gregoretti et al., 2024). In this study, results should be interpreted 

with caution, since they represent associations and not causation due to the limitations of the 

cross-sectional study design, with all the variables collected at the same time. Nevertheless, 
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to the best of our knowledge, this is the first time that considering typologies by grouping 

operations was used as a strategy (Ventura et al., 2016) according to GMP and productivity to 

gain an in-depth understanding of Río Negro beef cattle, even though the amount of the 

variability explained by two PC is low. Consequently, using these results as an exploratory 

research could guide a longitudinal study to improve knowledge to better account for 

productivity (White, 2014; Diskin and Kenny, 2016). 

CONCLUSIONS 

Cluster profiling based on good management practices adoption enhanced our insight 

into the Río Negro cow-calf operation segment. The Cluster analysis yielded the most 

significant results for a three-Cluster solution, each exhibiting a distinct profile of good 

management practices adoption and productivity levels. Consequently, following the 

variables, Cluster 3 named as “GMP-oriented” showed the highest good management 

practices standards and best productive outcomes. Even though these results should be 

interpreted with caution due to a cross-sectional study, these findings may inform 

longitudinal data collection or interventions through pilot studies in the future. Finally, this 

was an approach which relied on statistical characterization and has the potential to guide the 

design of evidence-based communication programs with specific and targeted interventions 

for certain groups sharing similar characteristics, thereby improving cow-calf operation 

productivity in Río Negro, Argentina. 
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Figure 1. Distribution of 142 operations according to the first two principal components 

(PC1 and PC2), summarizing the variability and obtained through Principal Component 

Analysis (PCA).  

 

Each point represents a farm, colored by cluster group based on herd structure and Good 

Management Practices (GMP) adoption. Cluster 3 (green) shows a distinct spatial separation, 

positioning in the upper right graph region, suggesting not only a unique profile but also a 

strong link with the variables represented by PC1 and PC2. On the other side, Clusters 1 (red) 

and 2 (yellow) overlap partially, indicating the existence of similarities between them, 

separating from Cl 3.  

PCA, Principal Component Analysis. 

PC, Principal Component. 

Cl, Cluster. 
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Table 1. Productivity of the population under study, according to the whole dataset, county of origin, and a three-month 

breeding season adoption 

Variable Categories (n) 

C/100 c 1 Median and IQ 

Range (Q1-Q3) P-values 

C/100 ha 2 Median and 

IQ Range (Q1-Q3) 

 

P-values 

Overall 127 79.00 (67.00-85.00) 
 

4.58 (2.78-8.00) 
 

County 

 
Avellaneda (62) 77.00 a (65.00-85.00) 0,1371 

 
 

 
 

 

m 
3.29 b (1.68-16.44) 0.0488 

Pichi Mahuida (65) 80.00 a (73.00-86.00) 5.21 b (3.92-7.52) 

Three-month breeding 

season adoption 
Yes (51) 82.00 b (76.00-87.00) 0.0006 5.60 b (3.91-9.08) 0.0072 

No (76) 75.50 b (61.00-83.00) 3.97 b (1.75-6.91) 

1 Calves weaned in 2020 (C) divided by the total number of cows mated (c), expressed by 100 cows 
2 Calves weaned in 2020 (C) divided by area (ha), expressed by 100 ha 
a, b letters within a column for each category with different superscripts differ (P< 0,05), as analyzed by the Wilcoxon 

Signed Rank test 
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Table 2. Characterization according to breeding herd structure and facilities among 142 cow-calf operations surveyed (number and 

percentage) 
 

Variable Categories 

 

Operations (number, and %) 

Production area 

Valley plain 22 (15%) 

Plateau plain 115 (81%) 

Combination 5 (4%) 

Combine operations in different production 

areas 
Yes 57 (40%) 

No 85 (60%) 

Beef cattle production system 
Cow-calf 70 (49%) 

Cow-calf to finish 72 (51%) 

Predominant breed 

Aberdeen Angus 62 (44%) 

Hereford 69 (49%) 

Combinations 11 (8%) 

Herd size (ha 1) 

Up to 1000 ha 35 (25%) 

From 1001 to 2500 ha 48 (34%) 

From 2501 to 5000 ha 33 (23%) 

More than 5000 ha 26 (18%) 

Herd size (number of females) 

Up to 50 cows 33 (23%) 

From 51 to 100 cows 24 (17%) 

From 101 to 200 cows 48 (34%) 

More than 201 cows 37 (26%) 

Presence of perimeter fence 
Yes 141 (99%) 

No 1 (1%) 

Presence of divisions 
Yes 128 (90%) 

No 14 (10%) 

Electrical fence usage 
Yes 101 (71%) 

No 41 (29%) 

Presence of working chute 
Yes 139 (98%) 

No 3 (2%) 

Presence of squeeze chute 
Yes 131 (92%) 

No 11 (8%) 

Presence of veterinarian gate 
Yes 111 (78%) 

No 31 (22%) 

Presence of holding pens 
Yes 139 (98%) 

No 3 (2%) 

Presence of scale 
Yes 61 (43%) 

No 81 (57%) 

Presence of loading chute 
Yes 134 (94%) 

No 8 (6%) 

Facilities status 

Without facilities 3 (2%) 

Deficient facilities 7 (5%) 

Good facilities 132 (93%) 
1 Ha, hectares 
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Table 3. Characterization according to family labor, hired workers, and advisers among 142 cow-calf operations surveyed (number and 

percentage) 
 

Variable Categories 

 

Operations (number, and %) 

Family labor supply (no. family 

members) 

1 68 (48%) 

2 50 (35%) 

More than 2 24 (17%) 

Farmer age (years old) 

Up to 40 34 (24%) 

From 41 to 60 73 (51%) 

More than 61 35 (24%) 

Farmer educational level 

Without 6 (4%) 

Primary 45 (32%) 

Highschool 47 (33%) 

Tertiary/University 44 (31%) 

Took courses related to animal 

production 
Yes 63 (44%) 

No 79 (55%) 

External labor supply (no. HW 1) 

Without HW 82 (58%) 

1 HW 35 (25%) 

More than 1 HW 25 (18%) 

HW age 

Without HW 82 (58%) 

Up to 40 19 (13%) 

From 41 to 60 32 (23%) 

More than 61 9 (6%) 

HW educational level 

Without HW 82 (58%) 

HW without education 7 (5%) 

HW primary level 29 (20%) 

HW high school level 10 (7%) 

HW tertiary/university level 3 (2%) 

Does not know 11 (8%) 

Technical adviser 

Without 8 (6%) 

Veterinary 105 (74%) 

Veterinary and agronomist 29 (20%) 

Type of technical assistance 

Without adviser 8 (6%) 

Demands to plan (nutrition, practices, or financial analysis) 53 (37%) 

Demands for disease attention (prevention, treatment or diagnosis) 
81 (57%) 

Discussion about GMP 2 with the 

adviser 

No adviser 8 (6%) 

Yes 53 (37%) 

No 81 (57%) 

Keep records about productivity 

outcomes 
Yes 25 (18%) 

No 117 (82%) 
1 HW, hired workers 
2 GMP, good management practices
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Table 4. Characterization according to cows, bulls, and heifers’ reproductive management among 142 cow-calf operations surveyed 

(number and percentage) 
 

 

Variable 

 

Categories 

 

Operations (number, and %) 

Tagged animals 
Yes 138 (97%) 

No 4 (3%) 

BS 1 

Year-round BS 89 (63%) 

3 months BS 20 (14%) 

From 4 to 6 months BS 33 (23%) 

Breeding system 

Natural 125 (87%) 

Artificial insemination 3 (2%) 

Combination 14 (10%) 

Bull origin 

Own, from seedstock 70 (49%) 

Own, others non-seedstock 31 (22%) 

Own, raised in the operation 27 (19%) 

Combine sources 12 (8%) 

Borrowed 2 (1%) 

Bulls’ selection 
Yes 87 (61%) 

No 55 (39%) 

Replacement heifer origin 2 

Seedstock 1 (1%) 

Others, non-seedstock 12 (8%) 

Cow-calf operation raised 123 (87%) 

Combine sources 5 (3%) 

Do not replace 1 (1%) 

Heifer age at first BS 

From 15 to 18 months 78 (55%) 

24 months, variable, and without a criterion 65 (45%) 

Heifer BSE 3 

External observation 58 (41%) 

Body weight 17 (12%) 

Reproductive tract score 2 (1%) 

Combine 11 (8%) 

None 54 (38%) 

PD 4 and methods 

No PD 94 (66%) 

Yes, transrectal palpation 44 (31%) 

Yes, ultrasonography 4 (3%) 

Date of PD 
PD at no specific moments 124 (80%) 

At weaning time 28 (20%) 

Previous abortion identification 

Yes 49 (35%) 

No 80 (56%) 

Do not know 13 (9%) 

Abortion diagnosis 
Yes 14 (10%) 

No 128 (90%) 

Calving monitoring 
Yes 57 (40%) 

No 85 (60%) 
1 BS, breeding season
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2 Replacement heifer origin. The seedstock was the operation where the breeders are, considered the genetic suppliers. Others, non-

seedstock were operations without documented pedigrees, as informal suppliers of genetic. Cow-calf operation raised is a calf raised in 

the operation to be a cow through farmers' phenotypic selection 
3 BSE, breeding soundness evaluation. It is a set of practices performed before the onset of the BS for reproductive categories. 

Involves body weight monitoring, reproductive tract scoring, and pelvic area measurement in heifers; and tests for venereal diseases, 

semen analyses, and scrotal circumference measurement in bulls 
4 PD, pregnancy diagnosis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/tas/advance-article/doi/10.1093/tas/txaf110/8248964 by guest on 08 Septem

ber 2025



Acc
ep

ted
 M

an
us

cri
pt

 

 

Table 5. Characterization according to cows, bulls, and heifers’ nutritional management among 142 cow-calf operations surveyed 

(number and percentage) 
 

Variable    Categories 

 

Operations (number, and %) 

Alfalfa hay 
Yes 38 (27%) 

No 104 (73%) 

Native vegetation 
Yes 133 (94%) 

No 9 (6%) 

Implanted species: pastures 
Yes 17 (12%) 

No 125 (88%) 

Grain concentrate 
Yes 11 (8%) 

No 131 (92%) 

Corn sillage 
Yes 3 (2%) 

No 139 (98%) 

Corporal condition measurement 
Yes 37 (26%) 

No 105 (74%) 
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Table 6. Characterization according to cows, bulls, and heifers’ health management among 142 cow-calf operations surveyed (number 

and percentage) 
 

 

Variable 

 

Categories 

 

Operations (number, and %) 

Brucellosis diagnosis Yes 49 (35%) 

No 93 (65%) 

Brucellosis-free herd Yes 30 (21%) 

No 112 (79%) 

Vaccination against reproductive diseases (IBR1-DVB2, leptospirosis, 

campylobacteriosis Yes 19 (13%) 

No 
123 (87%) 

Vaccination against brucellosis Yes 136 (96%) 

No 6 (4%) 

Tuberculosis diagnosis Yes 16 (11%) 

No 126 (89%) 

Deworming Yes 103 (73%) 

No 39 (27%) 

Mineral and vitamin supplementation Yes 91 (64%) 

No 51 (36%) 

Annually bulls test for venereal diseases Yes 67 (47%) 

No 75 (53%) 

Bull test for venereal diseases before the beginning of the BS 3 Yes 40 (28%) 

No 102 (72%) 

Brucellosis heifer test at the entrance of the operation after purchased Yes 21 (15%) 

No 121 (85%) 

No entrance 99 (69%) 

Dog deworming Without dogs 34 (24%) 

Dogs dewormed 98 (69%) 

Dogs without deworming 10 (7%) 
1 IBR, Infectious Bovine Rhinotracheitis 
2 BVD, Bovine Viral Diarrhea 
3 BS, Breeding Season
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Table 7. Characterization according to calf management among 142 cow-calf operations surveyed (number and percentage) 
 

Variable Categories 

 

Operations (number, and %) 

Weaning date 
No weaning 46 (32%) 

Between 3 and 6 months 96 (68%) 

Castration 

Yes 81 (57%) 

No 59 (42%) 

Variable 2 (1%) 

Nutritional supplementation at weaning Yes 82 (58%) 

No 60 (42%) 

Food offered around the weaning 

Native vegetation 89 (63%) 

Implanted pastures 28 (20%) 

Others (including supplementation with 
concentrates) 

25 (18%) 

Calves’ vaccination protocol 
Yes 119 (84%) 

No 23 (16%) 

Treatment and/or cull out sick calves 

 

Yes, cull out 21 (15%) 

Yes, treatment 38 (27%) 

Yes, both 56 (39%) 

No 27 (19%) 

D
ow

nloaded from
 https://academ

ic.oup.com
/tas/advance-article/doi/10.1093/tas/txaf110/8248964 by guest on 08 Septem

ber 2025



Acc
ep

ted
 M

an
us

cri
pt

 

 

Table 8. Cluster profiling regarding breeding herd structure; enterprise characteristics (family labor, hired workers, and adviser); 

cows, bulls, and heifers’ reproductive and nutritional management; cows, bulls, and heifers’ health management, and calves’ 

management, among 142 cow-calf operations surveyed 
 

Variable Categories 

Operations (number) 

Cl 1 Cl 2 Cl 3 

n= 41 n= 82 n=19 

Operations (%) 

Production area 

Valley plain 17 12 26 

Plateau plain 76 85 74 

Combination 7 2 0 

Combine operations in different production areas No 41 73 42 

Yes 59 27 58 

Beef cattle production system 
Cow-calf operation 37 66 5 

Cow-calf to-finish operations 63 34 95 

Family labor supply (no. family members) 

1 61 39 58 

2 29 43 16 

More than 2 10 18 26 

External labor supply (no. HW) 1 

Without HW 29 84 5 

1 HW 29 12 68 

More than 1 HW 41 4 26 

HW educational level 

Without HW 29 84 5 

HW without education 7 1 16 

HW primary level 37 9 37 

HW high school level 7 2 26 

HW tertiary/university level 7 0 0 

Does not know 12 4 16 

Technical adviser 

Without 10 5 0 

Veterinary 76 77 58 

Veterinary and agronomist 15 18 42 

Type of technical assistance 

Without adviser 10 5 0 

Demands to plan (nutrition, practices, or 

financial analysis) 41 34 42 

Demands for disease attention (prevention, 

treatment, or diagnosis) 49 61 58 

BS 2 

Year-round BS 76 59 53 

Three-months BS 10 10 42 

From 4 to 6 months BS 15 32 5 

Bull origin 

Own, from seedstock 54 45 58 

Own, others non seedstock 12 29 11 

Own, raised in the operation 24 16 21 

Combine sources 10 9 5 

Borrowed 0 1 5 

Heifer BSE 3 

External observation 51 33 53 

Body weight 12 10 21 

Reproductive tract score 0 2 0 
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Combine 2 9 16 

None 34 46 11 

PD 4 and methods No PD 80 67 32 

Yes, transrectal palpation 20 30 58 

Yes, ultrasonography 0 2 11 

Date of PD PD at no specific moments 88 85 42 

At weaning time 12 15 58 

Bull test for venereal diseases at the beginning of the 

BS 

No 
71 73 42 

Yes 29 27 58 

Brucellosis heifer test at the entrance to the operation 

after purchased No 29 11 5 

Yes/no entrance 71 89 95 

Dog deworming Without dogs 12 33 11 

Dogs dewormed 71 65 84 

Dogs without deworming 17 2 5 

Weaning date No weaning 59 24 11 

Between 3 and 6 months 41 76 89 

Calves’ vaccination protocol No 88 95 26 

Yes 12 5 74 
1 HW, Hired Workers 
2 BS, Breeding Season 
3 BSE, Breeding Soundness Evaluation 
4 PD, Pregnancy Diagnosis
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Table 9. Cluster profiling regarding productivity measures of 142 cow-calf operations surveyed 
 

Variable Categories 

Cluster 1 (number) 

P-values 
Cl 1 (35) Cl 2 (78) Cl 3 (14) 

Q2 and range IQ (Q1-Q3) 

Productivity measures 
C/100c 2 76.00 a (67.00- 

85.00) 
80.00 a (70.00- 
85.00) 

85.00 b (82.00- 
90.00) 

0.0233 

C/100ha 3 4.78 a (2.27-9.20) 4.61a (2.80-7.72) 4.54 a (3.00-6.47) 0.9667 

Note: the summatory of operations of the three clusters is 127 operations, the number of producers providing data to calculate 

productivity (15 were not able to provide data). 
a, b letters within a row for each productivity measure with different superscripts differ (P< 0,05), as analyzed by the Wilcoxon Signed 

Rank test 
1 Cl, cluster 
3 Calves weaned in 2020 (C) divided by the total number of cows mated (c), expressed by 100 cows 
4 Calves weaned in 2020 (C) divided by area (ha), expressed by 100 ha
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Table 10. Contributions of each variable to PC1 and PC2 (PC loadings) and variance explained by each PC (eigen vectors) 

from 142 cow-calf operations surveyed 
 

Variables PC 1 1 PC 2 e 2 1 e 2 

Production area 0.02 0.3 0.01 0.20 

Combine operations in Different 

production areas 
0.44 -0.34 0.26 -0.22 

Beef cattle production system 0.59 -0.06 0.35 -0.04 

Family labor supply -0.32 0.05 -0.19 0.03 

External labor supply 0.81 -0,3 0.48 -0.20 

HW 3 educational level 0.74 -0.28 0.44 -0.19 

Adviser 0.25 0.33 0.15 0.22 

Type of technical assistance -0.11 -0.04 -0.07 -0.03 

BS 4 0.11 0.71 0.06 0.47 

Bull origin -0.15 -0.08 -0.09 -0.06 

Heifer BSE 5 -0.26 -0.15 -0.15 -0.10 

PD 6 and methods 0.37 0.71 0.22 0.47 

Date of PD 0.44 0.74 0.26 0.49 

Bull test for venereal disease at the entrance to the operation 0.26 -0.16 0.16 -0.11 

Brucellosis heifer test at the entrance to the operation -0.09 0.02 -0.05 0.01 

Dog deworming 0.33 -0.39 0.19 -0.26 

Weaning date 0.37 0.16 0.22 0.11 

Calves` vaccination protocol 0.42 -0.1 0.25 -0.07 

Note: the PC loadings are correlation coefficient between the original variable and each PC, indicating the variable's 

contributions. Even though is not a rule, values higher than 0.5, such as beef cattle production system, external labor supply 

and HW educational level are higher contributors to PC 1 and BS, date of PD, PD and methods are higher contributors to PC 

2. Negative values indicate the directions of the correlation. The eigen values are the measure of variance of the data set 

being explained by each PC. 
1 PC, Principal Components 
2 e, eigen values 
3 HW, Hired Workers 
4 BS, Breeding Season 
5 BSE, Breeding Soundness Evaluation 
6 PD, Pregnancy Diagnosis 
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Figure 1 
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