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Abstract 

Two experiments were conducted to investigate maternal environment and fescue cultivar effects 

on growth and fertility of beef heifers. In experiment one, Brahman-influenced cows [n = 80; 

body condition score (BCS) = 5.6 ± 1.3] were assigned to graze common bermudagrass (CB) or 

toxic endophyte-infected tall fescue (E+) during a 60-d breeding season for 2 consecutive yr. 

Body condition (BC) was assessed at d 0, 30, and 60 of breeding season. Cows were managed to 

achieve marginal (BCS = 4.2 ± 0.8) or good (BCS = 6.3 ± 0.8) BC during last trimester. Heifer 

(n = 80) weight was recorded at birth and weaning (WW; 7 to 8 mo). Data collected at 9 to 10 

mo of age included: weight (PWW), hip height (HH), hip width (HW), pelvic height (PH), pelvic 

width (PW), and pelvic area (PA). In experiment two, Angus sired heifers (n = 80) from 

experiment one were weighed and randomly assigned to replicated pastures of E+ or non-toxic 

endophyte-infected (Novel) tall fescue at 9 to 10 mo of age for 190d. Data were collected at 

weaning, post-weaning (9 to 10 mo), yearling (11 to 12 mo), and prebreeding (13 to 14 mo), and 

included: BW, HH, HW, PH, PW, PA, and exit velocity (EV, s/m). Heifer estrus was monitored 

by radio-telemetry during first 30 d of breeding season. Yearling and prebreeding antral follicle 

count (AFC) was determined by ultrasound. A split-plot design was used for experiment one and 

two with pasture as experimental unit and heifer age as covariate. Main effects tested were cow 

conception forage (ConFor), cow conception BC (ConBC), cow BC during the last trimester 

(LateBC), and heifer fescue grazed during development (Hfes; experiment two). In experiment 

one, cows grazing E+ during conception had heifers that weighed less (P = 0.05) at birth 

compared to heifers from cows grazing CB (33.3 vs. 35.2 ± 0.5 kg). Cow breeding season forage 

x LateBC interaction (P = 0.05) affected heifer WW, PWW, and PA where heifers from cows 

grazing E+ ConFor in marginal-LateBC performed the poorest. In experiment two, heifers 



developed on E+ from cows in marginal-ConBC, grazing E+ ConFor, and in marginal-LateBC 

had the lowest (P < 0.0001) average daily gain (ADG) compared to heifers developed on Novel 

from cows in good-ConBC, grazing E+ ConFor, and in good-LateBC (-0.30 vs. 0.58 ± 0.05 kg). 

Overall ADG was greater (P < 0.001) for heifers grazing Novel (0.6 ± 0.1 kg) compared to E+ 

(0.4 ± 0.1 kg) during development. Heifer AFC was affected (P < 0.0001) by a 4-way main 

effects interaction.  Novel heifer AFC from cows in good-ConBC, grazing CB ConFor, and in 

marginal-LateBC was greater at yearling compared to E+ heifer AFC from cows in marginal-

ConBC, grazing CB ConFor, and in good-LateBC (25.1 ± 0.8 vs. 3.8 ± 2.4 follicles). Heifer 

pregnancy rate was influenced by LateBC x Hfes (90.3, 69.6, 50.0, 43.8 % pregnant, respectively 

for Novel heifers from cows in good-LateBC, Novel heifers from cows in marginal-LateBC, E+ 

heifers from cows in good-LateBC, and E+ heifers from cows in marginal-LateBC). Cows 

consuming toxic endophyte-infected tall fescue during conception reduced birth weight of heifer 

calves. Cows in marginal-BC during conception and the last trimester reduced heifer weight, 

ADG, pelvic and hip growth. These heifer variables were further decreased by heifers grazing E+ 

during development. Ensuring adequate body condition of cows during conception and late-

gestation, as well as developing heifers on Novel fescue will increase pelvic growth, number of 

antral follicles, and pregnancy rates of heifer offspring. Industry applicable tools such as 

monitoring cow BCS, using indicators of skeletal growth, and grazing Novel fescue could be 

beneficial in selecting breeding stock with consistent traits associated with successful 

reproduction. 
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Review of Literature 

 

 

INTRODUCTION 

 Reproductive efficiency is fundamentally important for sustainability of cattle 

production enterprises. Environmental and management factors can impact health, reproductive 

performance, and nutritional status (Funston et al., 2010). Animals consuming toxic endophyte-

infected tall fescue (E+) have reduced productivity including decreased growth, development, 

and fertility (Paterson et al., 1995). Considering the impact of E+ on animal productivity, this 

review of the literature includes 1) the influence of maternal nutrition during gestation on 

subsequent offspring growth, development, and fertility; 2) history of tall fescue; 3) effects of E+ 

on animal production; and 4) non-toxic endophyte infected tall fescue (Novel) and impacts on 

animal production. 

 

MATERNAL GESTATIONAL NUTRITION 

Maternal nutrition is a critical factor in fetal growth and development. The quality of 

gestational nutrition can impact postnatal growth and development as well as subsequent 

reproductive performance (Funston et al., 2010). For the establishment of normal fetal 

development, adequate maternal nutrition in early pregnancy is critical (Long et al., 2012). 

Barker (1992) hypothesized environmental influences in early fetal development may impair 

development, increasing the risk for adult-hood diseases, which he later termed fetal 

programming (Barker et al., 1993). Nutritional insults during gestation can have profound effects 

on subsequent offspring growth and fertility (Ashworth et al., 2009; Funston et al., 2010).  

Effects on Growth and Development. Cows maintaining a negative energy state pre-

partum resulted in suboptimal body condition score (BCS) at parturition (Hess et al., 2005). 
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Nutrient restricted cows often lose body condition (BC) during pregnancy and postpartum, which 

can reduce offspring growth (Paputungan and Makarechian, 2000). Heifers born from 

nutritionally challenged dams had lower birth weights and reduced growth (Funston et al., 2010; 

Cushman et al., 2009). Continuously restricting cows 100 d pre-partum resulted in lower birth 

weights (Corah et al., 1975). The time in which cow BC loss or gain occurs may result in 

different outcomes on offspring growth and development. Therefore, BCS and BC during 

breeding and gestation effects on calf growth, development, and reproduction have been 

investigated (Morrison et al., 1999; Lake et al., 2005).  

Studies on effects of BC and nutrition on growth performance of calves have given 

varying results. Calf birth weights were shown to be not affected by BC at calving or BCS 

change during the last trimester of pregnancy (DeRouen et al., 1994; Morrison et al., 1999; Lake 

et al., 2005). In contrast, other studies have noted lower birth weights were associated with loss 

of maternal BC during the last trimester of pregnancy (Freetly et al., 2000; Paputungan and 

Makarechian, 2000). Body condition score at calving did not affect WW of calves (DeRouen et 

al., 1994; Spitzer et al., 1995; Morrison et al., 1999). In contrast, Paputungan and Makarechian 

(2000) demonstrated BCS of the dam during late-gestation was positively associated with WW.  

Effects on Offspring Reproduction. Maternal nutrition during gestation may impact 

fertility of subsequent offspring such as oocyte quality, folliculogenesis, and pregnancy rate 

(Cushman et al., 2009; Mossa et al., 2009). The peak number of follicles and oocytes within fetal 

ovaries occurs during gestation, and a positive association with ovarian reserve and antral follicle 

count (AFC; the total number of follicles > 3mm in diameter on both ovaries) has been reported 

(Erickson, 1966; Burns et al., 2005; Ireland et al., 2008, 2009; Cushman et al., 2009). 

Undernutrition of ewes during early gestation resulted in developmental retardation of fetal 
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ovaries as measured by germ cell degeneration (Borwick et al., 1997). Maternal caloric 

restriction decreased ovarian granulosa cell proliferation and increased apoptosis in fetal ovaries, 

suggesting maternal nutrient restriction may delay or retard fetal ovarian maturation (Lea et al., 

2006). Maternal nutrient restriction during early- to mid-gestation in sheep resulted in oocyte 

DNA damage in fetal ovaries (Murdoch et al., 2003) and prenatal undernutrition resulted in 

decreased ovulation rates in sheep (Rae et al., 2002). Nutrient restricted ewes during mid- to late-

gestation decreased primordial follicle numbers in fetal ovaries, which could affect future 

follicular activity and possibly fertility (Grazul-Bilska et al., 2009). Mossa et al. (2009) 

demonstrated that heifers born to mothers nutritionally restricted during the first 110 d of 

gestation had 60% lower AFC compared to control heifers despite no difference observed in 

birth weight. Cushman et al. (2009) reported low birth weight heifers had fewer AFC and 

reduced pregnancy rates.  

 

ENDOPHYTE-INFECTED TALL FESCUE 

Wild-type tall fescue [E+; Lolium arundinaceum (Schreb.) Darbysh.] is an excellent 

forage species that is well adapted to the Midwestern and Southeastern United States due to its 

drought resistance and toxicity to insects (Bacon, 1995). This highly adaptive species was 

introduced into the United States in the 1940’s (Bacon, 1995). The defensive mechanisms of tall 

fescue evolved as a symbiotic relationship between the plant and an endophytic fungus 

(Neotyphodium coenophialum; Bacon, 1995). Toxins produced by the endophyte which have 

been identified as ergot alkaloids provide mechanisms of defense (Lyons et al., 1986; Yates et 

al., 1985). Although the endophyte is beneficial to the plant, adverse symptoms were observed in 

animals grazing pastures of tall fescue following forage introduction (Cunningham, 1948).  
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Endophyte-infected fescue has been studied to analyze the specific aspects adversely affecting 

livestock. 

Ergot Alkaloids. Defensive herbivory against insects is based on production of secondary 

metabolites, loline alkaloids (Bacon, 1995). Petroski et al. (1990) suggested E+ possesses the 

ability to compete with other grasses possibly as a result of the allelopathic behavior of loline 

alkaloids where plant species inhibit growth of competing species via chemical production. 

Concentration of loline alkaloids in forage vary with season, nitrogen fertilization amounts, 

grazing pressure, and amount of insect herbivory (Bush et al., 1982, 1993; Belesky et al., 1987; 

Eichenseer et al., 1991). The loline alkaloid peramine was reported to be the major insect 

deterrent in E+ (Rowan and Tapper, 1989; Tapper et al., 1989; Siegel et al., 1990).  

Numerous ergot alkaloids were found in E+ including ergocryptine, ergotamine, 

ergonovine, and lysergic acid amide. Ergovaline has been identified as the most prevalent 

ergopeptide alkaloid in E+ suggesting it causes or contributes to fescue toxicosis due to its 

biological activity (Porter et al., 1979; Lyons et al., 1986; Porter, 1995; de Lorme et al., 2007; 

Dyer, 1993; Moubarak et al., 1993; Solomons et al., 1989). Lysergic acid amide was reported to 

exist in concentrations equal to ergovaline levels (Bacon, 1995). Hill et al. (2001) suggested 

lysergic acid crossed the ruminal epithelium at a greater rate than other alkaloids due to the 

chemical structure, or core ring, of the lysergic acid molecule. De Lorme et al. (2007) 

demonstrated upon consumption of an E+ diet, ergot alkaloids were liberated from the digestible 

fraction of the diet and ergovaline was degraded to lysergic acid via rumen microbial 

degradation.  

Ergovaline concentrations in E+ seeds and forage were reported to range from 2 to 6 

µg/g. Total ergot alkaloid concentration in E+ were noted to vary with season and amount of 
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nitrogen fertilizer applied to fescue pastures (Lyons et al., 1986, 1990; Rottinghaus, 1991). 

Symptoms of fescue toxicosis exhibited by animals consuming E+ were reported to ensue at 

concentrations of 50 ng (0.05 µg) of ergovaline/ g of grass in heat stressed cattle (Cornell et al., 

1990).  

Fescue Toxicosis. Cattle grazing tall fescue in New Zealand demonstrated crippling 

which resembled the gangrenous symptoms of ergotism (Cunningham, 1948). The condition 

(fescue foot) was subsequently described in the U.S. during the 1950’s (Goodman, 1957). In 

addition to fescue foot crippling effects, various other symptoms have been identified. Jacobson 

et al. (1963) described the clinical syndrome of fescue foot, later termed fescue toxicosis, 

included symptoms of weight loss, rough hair coat, varying amounts of dry gangrene in 

extremities (primarily tail and lower legs), elevated body temperature, increased respiration rates, 

and elevated heart rate. The tendency for animals to develop dry gangrene, due to ischemia, was 

more prevalent in colder environments (Jacobson et al., 1963). Research indicated cattle grazing 

E+ suffer fescue toxicosis characterized by elevated body temperature, reduced feed intake, 

decreased average daily gain (ADG), and reduced pregnancy rates exacerbated during periods of 

heat stress (Looper et al., 2006; Paterson et al., 1995; Schmidt and Osborn, 1993).  

Toxic Tall Fescue Impact on Growth and Development. Cows grazing E+ reduced calf 

birth weight (Brown et al., 2000; Watson et al., 2004; Burke et al., 2010) and heifers grazing E+ 

had suppressed growth and development (Paterson et al., 1995; Schmidt and Osborn, 1993). 

Weaning weights were reduced for calves managed on E+ prior to weaning and ADG of steers 

grazing E+ was decreased (Gay et al., 1988; Brown et al., 1999; Watson et al., 2004). Cows 

grazing fescue-legume pastures weaned heavier calves compared to calves from cows grazing E+ 

(Holloway et al., 1979). The influence of E+ preweaning environment may not persist as calves 
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reared for slaughter can exhibit compensatory gains following feedlot entry (Coffey et al., 1990; 

Long et al., 2012).  

Toxic Tall Fescue Impact on Reproductive Performance. Toxic endophyte-infected tall 

fescue has been detrimental to reproductive processes including reduced pregnancy and calving 

rates (Looper et al., 2010; Paterson et al., 1995; Porter and Thompson, 1992; Schmidt and 

Osborn, 1993). Research has identified the time frame of pregnancy loss to less than 30 d of 

gestation suggesting early events such as folliculogenesis, oocyte maturation, or early embryonic 

development may be negatively affected by E+ (Waller et al., 2001). McKenzie and Erickson 

(1991) reported a decrease in follicle numbers in heifers consuming E+. Seals et al. (2005) did 

not observe differences in follicle numbers of heifers administered ergotamine tartrate to 

simulate fescue toxicosis. In that study, heifers were administered the diet and ovarian follicles 

scanned during a 30-d period, which may not been sufficient to simulate the effects of heifers 

grazing E+ on folliculogenesis to affect oocyte quality due to the length of folliculogenesis. 

Follicle growth from pre-antral to mature ovulatory size requires about 60 to 80 d in cattle (Britt, 

1992). Investigating effects of E+ over a longer period may better represent potential effects of 

E+ on follicular dynamics and oocyte quality. Mean follicle numbers from heifers fed E+ seed 

diets for 100 d were not different from heifers fed a control diet (Rorie et al., 1998). The effects 

of E+ on folliculogenesis may become more apparent when considering environmental factors. 

Heat stress combined with E+ consumption reduced the number follicles and preovulatory 

follicle diameter (Burke et al., 2001; Burke and Rorie, 2002). 

The addition of alkaloids to culture media negatively affected oocyte maturation and 

prevented development of subsequent embryos produced in vitro (Panter et al., 2002). Heifers 

fed E+ diet produced fewer oocytes and were of poorer quality (Jones and King, 2009). Oocyte 
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zona pellucida width was thinner from E+ heifer oocytes compared to control heifers suggesting 

structural affects to the zona, which could potentially affect fertilization (Jones and King, 2009). 

Heifers receiving ergotamine tartrate to simulate the effects of grazing E+ produced embryos of 

reduced quality and development, where the percentage of embryos that developed to compacted 

morula or higher stage of development was lower in heifers fed ergotamine (56%) compared to 

control (88%; Schuenemann et al., 2005). Embryo recovery rate tended to be reduced in heifers 

fed ergotamine possibly due to increased rectal temperatures and lower plasma prolactin 

concentrations (Schuenemann et al., 2005). Reduced prolactin concentrations and increased 

rectal temperatures are prevalent symptoms of fescue toxicosis in cattle (Looper et al., 2010; 

Seals et al., 2005). Embryos collected from donors not consuming E+ diet transferred on d 7 into 

recipients consuming ergotamine tartrate resulted in no difference in pregnancy rates between 

treatment groups, suggesting E+ deleterious effects on pregnancy rates may occur before d 7 on 

the oocyte or during the early stages of embryonic development (Schuenemann et al., 2005).  

 

NON-TOXIC ENDOPHYTE-INFECTED TALL FESCUE 

The negative impacts of grazing E+ resulted in research dedicated to the development of 

endophyte-free (E-) tall fescue. Endophyte-free tall fescue had reduced drought tolerance and 

inefficient stand persistence compared to E+ (Malinowski et al., 2005; Lacefield et al., 1993). 

Endophyte-free tall fescue was deemed uneconomical and nonviable as an alternative to E+ due 

to an inability to persist (Bouton, 2000). The discovery of new endophytes with low alkaloid 

production resulted in development of non-toxic (Novel) endophyte-infected tall fescue (Bouton 

et al., 2002; Nihsen et al., 2004; West et al., 2001; Gunter and Beck, 2004). Novel combines the 

advantages of plant persistence of E+ and the animal performance of E- (Gunter and Beck, 2004; 
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Nihsen et al., 2004). Steers grazing Novel performed similar to steers grazing E- and better than 

steers grazing E+ (Nihsen et al., 2004). Watson et al. (2004) reported cows grazing Novel 

pastures had heavier calves and higher BCS at the end of the grazing period compared to cows 

grazing E+. Cows grazing Novel had calves with higher ADG and weaning weights than calves 

raised by cows grazing E+ pastures (Watson et al., 2004). Cattle grazing Novel demonstrated 

improved animal performance compared to cattle grazing E+, and stress related to E+ may be 

circumvented (Parish et al., 2003a, 2003b; Watson et al., 2002, 2004). 

 

OBJECTIVES 

Nutrition quality during conception and gestation can affect pre- and postnatal growth 

patterns and influence subsequent offspring reproductive performance. Transient events pre- or 

early postnatal may have profound effects on offspring physiology that may not become 

immediately apparent (Barker, 1992). Exposure to nutritional stress in utero could modify long-

term stress reactivity after birth via fetal mechanisms shielding or buffering maternal stress and 

possibly affecting offspring metabolism (Entringer et al., 2009; Seckl and Holmes, 2007). 

Considering the potential impact of stress related to E+ on animal productivity, objectives of this 

dissertation were to: 

 1) Determine the effects of maternal body condition and maternal forage type grazed during 

breeding season on subsequent daughter post-natal development. 

2) Determine effects of maternal forage type grazed during conception, cow body condition (BC) 

during conception, body condition during late-gestation, and fescue cultivar grazed during heifer 

development on growth and fertility of beef heifers.  
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Maternal Body Condition and Forage Grazed during Conception Effects on Post-Natal 

Development of Crossbred Beef Heifers 

 

 

ABSTRACT 

Gestational nutrition of the dam can affect postnatal growth of offspring. Our objective was to 

determine effects of forage type grazed during conception, and body condition (BC) of cows 

during conception and the last trimester of pregnancy on growth of heifer calves. Brahman-

influenced cows (body condition score, BCS = 5.6 ± 1.3) were assigned to graze either common 

bermudagrass (CB) or toxic tall fescue (E+) for a 60-d breeding season during 2 yr. Cow BC was 

assessed at d 0, 30, and 60 of the breeding season. Cows were managed to achieve marginal 

(BCS = 4.2 ± 0.8) or good (BCS = 6.3 ± 0.8) BC during the last trimester of gestation. Weight of 

heifers (n = 80) was recorded at birth, weaning (WW; 7 to 8 mo) and at 9 to 10 mo of age (post-

weaning weight, PWW). Indicators of heifer size included: hip height (HH), hip width (HW), 

pelvic height (PH), pelvic width (PW), and pelvic area (PA). Data were analyzed using mixed 

procedure with pasture as experimental unit, heifer age as a covariate, and heifer within year as a 

repeated measure. Model main effects were maternal breeding season forage (ConFor), 

conception BC (ConBC = BC at d 0 of breeding season) and BC during the last trimester of 

gestation (LateBC). Cows grazing E+ during conception had heifers that weighed less (P = 0.05) 

at birth compared with heifers from cows grazing CB (33.3 ± 0.6 kg vs. 35.2 ± 0.5 kg). Heifer 

adjusted 205-d WW tended (P = 0.06) to be affected by an interaction between ConFor x 

ConBC. Interaction (P = 0.05) between ConFor and LateBC affected heifer WW (240.1 ± 6.0 kg, 

233.5 ± 4.8 kg, 245.9 ± 5.1 kg, and 211.7 ± 6.7 kg; respectively for CB ConFor x good-LateBC, 

CB ConFor x marginal-LateBC, E+ ConFor x good-LateBC, and E+ ConFor x marginal-

LateBC). Conception forage x LateBC interaction affected (P = 0.05) PWW where heifers from 
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cows grazing E+ ConFor in marginal-LateBC had the lowest PWW than any other forage 

LateBC combination (241, 270, 259, and 260 kg, respectively E+ ConFor in marginal-LateBC, 

E+ ConFor in good-LateBC, CB ConFor in marginal-LateBC, and CB ConFor in good-LateBC). 

Interaction between ConFor and LateBC affected (P = 0.04) heifer PA where heifers from cows 

grazing E+ ConFor in good-LateBC had the largest PA compared to heifers from cows grazing 

E+ ConFor in marginal-LateBC, cows grazing CB ConFor in good-LateBC, and CB ConFor in 

marginal-LateBC (132 ± 4, 112 ± 5, 114 ± 5, and 116 ± 5 cm
2
, respectively). Consumption of 

toxic tall fescue during conception reduced birth weight of heifer calves. Cows in marginal-BC 

during the last trimester of pregnancy reduced heifer weaning weight, pelvic and hip growth. 

Ensuring cows are in good-BC during conception and the last trimester will circumvent reduced 

growth in heifer progeny. 

 

INTRODUCTION 

The quality of maternal nutrition during conception and gestation has been shown to 

impact postnatal growth, development, and subsequent reproductive performance of offspring 

(Funston et al., 2010). Heifers born from nutritionally challenged dams had lower birth weights 

and reduced growth (Greenwood et al., 1998, 2000; Freetly et al., 2000; Wu et al., 2006; Funston 

et al., 2010).  

Fetal development during early pregnancy can be affected by maternal diet (Greenwood 

and Cafe, 2007). Nutrient restriction and body condition (BC) loss during the last trimester of 

pregnancy resulted in lighter birth weight calves (Corah et al., 19775; Paputungan and 

Makarechian, 2000). Other studies reported calf birth weight was not affected by body condition 

score (BCS) during the last trimester (DeRouen et al., 1994; Lake et al., 2005). Long et al. 
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(2012) demonstrated nutrient restriction early (45 d post breeding) to mid-gestation did not 

influence steer or heifer weaning weight. In contrast, Paputungan and Makarechian, 2000 

reported BC at calving affected weaning weight of calves. 

Wild-type tall fescue [E+; Lolium arundinaceum (Schreb.) Darbysh.] is an excellent 

forage species that is well adapted to the Midwestern and Southeastern United States of America 

due to its drought resistance, and toxicity to insects (Bacon, 1995). Consumption of E+ can 

negatively affect cattle productivity due to fescue toxicosis (Paterson et al., 1995). Fescue 

toxicosis is characterized by elevated body temperature, reduced feed intake and decreased 

average daily gain (ADG; Paterson et al., 1995). Looper et al. (2010) reported cows with 

marginal BC grazing E+ had reduced calving rates. Watson et al. (2004) demonstrated BCS of 

cows grazing E+ was lower, cow ADG was reduced, and cows birthed lighter calves. Studies 

have shown cows grazing E+ reared calves with reduced weaning weight (Gay et al., 1988; 

Brown et al., 1999). The objective of this study was to determine effects of forage type grazed by 

dam during conception, maternal BC at conception, and maternal BC during the last trimester of 

pregnancy on subsequent heifer growth. 

 

MATERIALS AND METHODS 

The committee for animal welfare at the USDA-ARS, Dale Bumpers Small Farms 

Research Center, Booneville, Arkansas, and the University of Arkansas Institutional Animal 

Care and Use Committee (No. 040200) approved animal procedures used in this study. 

Cow Management. Brahman-influenced cows (n = 80; BCS = 5.6 ± 1.3) were assigned, 

during a 60-d breeding season, to graze (1 cow/ 0.7 ha) either common bermudagrass [CB; 

Cynodon dactylon (L.) Pers.; n = 3 (16 ha) pastures/ yr] or toxic tall fescue [E+; Lolium 
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arundinaceum (Schreb.) Darbysh.; n = 3 (16 ha) pastures/ yr]. Cow body condition was assessed 

at d 0 (ConBC = cow BC during conception), 30, and 60 of the breeding season. From May 8 to 

July 11 (yr 1) and from May 8 to July 9 (yr 2), cows were exposed to Angus bulls (1 bull/ 20 

cows) previously evaluated for breeding soundness. All cows grazed CB for 145 d following the 

60-d breeding season, after which, all cows grazed stockpiled and spring-growth E+. Cows were 

managed to achieve marginal (BCS = 4.2 ± 0.8) or good (BCS = 6.3 ± 0.8) BC (LateBC = cow 

BC during last trimester of pregnancy). Stocking rate during the last trimester was 1 cow/ 0.3 ha 

(marginal BC; BW = 462.3 ± 81 kg; BCS = 4.2 ± 0.8, where 1 = emaciated to 9 = obese; Wagner 

et al., 1988) or 1 cow/ 0.8 ha (good BC; BW = 585.2 ± 44 kg; BCS = 6.3 ± 0.8). Calving dates of 

cows ranged from February 11 to April 9 (yr 1) and from February 2 to April 9 (yr 2).  

Forage Management. Pastures of both forage types were established > 20 yr and E+ 

pastures were > 85% endophyte-infected. Pastures were characterized three times (d 0, 30, and 

60) during the breeding season to determine forage mass, nutritive value, and concentration of 

ergovaline. Forage mass was determined using a disk meter (Bransby et al., 1977) and forage 

height was recorded at 100 random locations in each pasture. Forage was clipped to ground level 

beneath the disk meter at each location per pasture to calibrate the disk meter. Samples were 

dried (60°C) in a forced-air oven for 72 h and weighed to calculate regression equations of 

DM/ha and disk meter height. Nutritional analysis of forage was carried out on random samples 

(20 samples/16 ha) collected at each sampling date. Dried forage samples were ground to pass 

through a 0.85-mm screen and analyzed for CP by rapid combustion (AOAC, 1990; Elementar 

Americas Inc., Mt. Laurel, NJ) and NDF using Ankom Technology (Macedon, NY) by the 

Agricultural Diagnostic Service Laboratory, University of Arkansas, Fayetteville. High-

performance liquid chromatography was utilized to determine ergovaline concentrations 
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(Rottinghaus et al., 1991) on pooled samples taken from E+ pastures (20 samples/16 ha of 

pasture) cut into 5.1-cm pieces, and was stored at -4°C until determination. 

Heifer Growth Characteristics. Weight of heifer calves (n = 80) was recorded at birth 

and adjusted for cow age. At weaning, heifers were weighed (WW; 7 to 8 mo) and managed as a 

single herd for 64 ± 2 d post-weaning at which time they were weighed (post-weaning weight, 

PWW; 9 to 10 mo of age) and measured for hip height (HH), hip width (HW), pelvic height 

(PH), pelvic width (PW), and pelvic area (PA). Hip height was measured using a sliding caliper 

(Altitude Stick, NASCO, Fort Atkinson, WI). Hip width was measured by firmly closing a clamp 

over the edge of the hook bones and measuring the distance between the clamp ends. 

Measurements for PH and PW were obtained per rectum using a Rice Pelvimeter (Lane 

Manufacturing, Denver, CO). Pelvic height was determined as the vertical distance between the 

pubis symphysis and the sacral vertebrae. Pelvic width was determined as the horizontal distance 

between the shafts of the ilia. Pelvic area was calculated as the product of PH x PW. 

Statistical Analyses. Heifer growth measurements were analyzed by ANOVA within a 

split-plot design and a 2 x 2 x 2 treatment structure. Data were analyzed using the MIXED 

procedure of SAS (SAS Inst. Inc., Cary, NC) with pasture as the experimental unit, heifer age as 

a covariate, and heifer within year as a repeated measure. Main effects were maternal breeding 

season forage (ConFor; E+ vs. CB), conception BC (ConBC; marginal vs. good), and BC during 

the last trimester of pregnancy (LateBC; marginal vs. good). All main effects and interactions 

were tested using Kenward-Rogers approximation for calculation of the df of the pooled error 

term and when F-tests were significant least squared means were separated using Tukey’s 

procedures. When interactions were not significant, the model was reduced. 
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RESULTS 

Forage Characteristics. The interaction between ConFor and collection date influenced 

(P < 0.01) forage DM mass (Table 1), but did not influence NDF (P = 0.73) or CP (P = 0.95). 

The overall CP between forage type did not differ (P > 0.60). The CP percentage on d 0 was 

greater than d 30 and 60 of the study (day effect; P < 0.01; Table 1). Throughout the study, CB 

NDF percentage was greater (P < 0.01) than E+ pastures (Table 1) and d 60 NDF was greater (P 

< 0.01) than other collection dates (Table 1). Ergovaline concentrations ranged from 0.28 to 0.83 

mg/ kg of DM (pooled SE = 0.058) for E+ pastures from May to July throughout the 2-yr study 

and the overall mean ergovaline concentration was 0.51 ± 0.034 mg/ kg of DM (Table 1). 

Heifer Weights. Maternal conception forage influenced (P = 0.05) adjusted birth weight 

of heifers (Table 2). Cows grazing E+ during conception had heifers weighing less at birth 

compared with heifers from cows grazing CB (33.3 ± 0.6 kg vs. 35.2 ± 0.5 kg). Heifer WW 

tended (P = 0.06) to be affected by ConFor x ConBC interaction. The ConFor x LateBC 

interaction influenced (P = 0.05) heifer WW (242, 234, 244, and 212 ± 6 kg, respectively for 

heifers from cows grazing CB ConFor in good-LateBC, grazing CB in marginal-LateBC, grazing 

E+ in good-LateBC, and grazing E+ in marginal-LateBC). Interaction (P = 0.05) between 

ConFor and LateBC affected heifer PWW. At 9 to 10 mo of age, heifers from cows grazing E+ 

ConFor in marginal-LateBC weighed less than any other forage LateBC combination (241, 270, 

259, and 260 kg, respectively E+ ConFor in marginal-LateBC, E+ ConFor in good-LateBC, CB 

ConFor in marginal-LateBC, and CB ConFor in good-LateBC). Interaction (P = 0.08) between 

ConFor and ConBC tended to affect PWW of heifers. All other interactions did not (P > 0.20) 

affect heifer birth weight, WW, or PWW (Table 3).  
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Heifer Body Measurements. Interaction between ConFor and LateBC affected (P = 0.04) 

heifer PA. Heifers from cows grazing E+ ConFor in good-LateBC had the largest PA compared 

to heifers from cows grazing E+ ConFor in marginal-LateBC, cows grazing CB ConFor in good-

LateBC, and CB ConFor in marginal-LateBC (132, 112, 114, and 116 ± 5 cm
2
, respectively).  

Heifer PH tended (P = 0.07) to be affected by the interaction between ConFor and LateBC (11.7, 

11.9, 12.8, and 11.4 ± 0.3 cm, respectively for cows grazing CB ConFor in good-LateBC, CB 

ConFor in marginal-LateBC, E+ ConFor in good-LateBC, and E+ ConFor in marginal-LateBC). 

All other main effects interactions did not (P > 0.10) influence heifer HH, HW, or PW. 

 

DISCUSSION 

Maternal plane of nutrition during gestation has been associated with developmental 

programming of subsequent offspring which can impact pre- and postnatal growth (Wu et al., 

2006; Greenwood and Cafe, 2007). Maternal undernutrition has been shown to negatively impact 

growth (Greenwood et al., 1998, 2000; Wu et al., 2006). Continuously restricting cows and 

heifers 100 d prepartum resulted in calves with lighter birth weights (Corah et al., 1975; Roberts 

et al., 2007).  

As a consequence of cows grazing E+ during conception, heifer birth weights were 

lighter than heifers from cows grazing CB during the breeding season. Other studies have noted 

cows grazing E+ had calves with lighter birth weights (Brown et al., 2000; Watson et al., 2004; 

Burke et al., 2010). Nutrient restriction, by limit feeding hay or high stocking rates on E+, 

resulted in cows losing BW 90 d prepartum and lower calf birth weights (Morrison et al., 1999).  

Cows grazing fescue-legume pastures weaned heavier calves compared to calves from 

cows grazing E+ (Holloway et al., 1979). Furthermore, WW were reduced for calves managed 
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on E+ prior to weaning (Brown et al., 1999; Watson et al., 2004). Some studies have reported 

that feedlot performance was not affected by the influence of E+ during preweaning despite 

lower birth and/or weaning weights (Coffey et al., 1990).  

Long et al. (2012) reported nutrient restriction to 70% of NRC recommendations during 

early- to mid-gestation did not affect WW. Differences in heifer WW observed in the current 

study were affected by nutrient restriction of cows during late gestation, which has been reported 

in previous studies (Corah et al., 1975). The long-term effects of cows grazing E+ during 

conception as well as nutrient restriction during late gestation may become more apparent in 

subsequent offspring selected as replacement heifers.  

Body condition during late gestation tended to influence HW. Hip width measurements 

have been reported to be highly correlated with PA (Johnson et al., 1988). Heifer pelvic 

measurements were influenced by cow nutrient restriction during late gestation. Disproportionate 

calf birth weight relative to the pelvic dimensions of the dam was reported to be the major cause 

of dystocia (Bellows et al., 1971; Naazie et al., 1989). Utilizing heifer pelvic measurements 

could identify heifers with less calving difficulty (Johnson et al., 1988; Colburn et al., 1997). 

Body condition score is an indicator of energy reserves that may be utilized to support 

physiological processes in situations of elevated metabolic demands (Lake et al., 2005; Funston 

et al., 2008). The priority of nutrient utilization can vary under different conditions during 

breeding and pregnancy (Funston et al., 2010). Cows in marginal-BC during the last trimester 

resulted in heifer offspring with reduced pelvic and hip growth. Ensuring cows are in good-BC 

during the last trimester of gestation may circumvent reduced post-natal growth and development 

of heifer progeny to be utilized as replacement breeding stock.  
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TABLES AND FIGURES 

Table 1. Dry matter mass and nutrient content (DM basis) of common bermudagrass (CB) and toxic endophyte-infected tall fescue 

(E+) pastures grazed by beef cows during a 60-d breeding season. 

 Forage environment Day of breeding season P-value 

Item CB E+ SE 0 30 60 SE Forage Day 

Forage x 

day 

DM, kg/ ha 3,130 6,166 219.3 4,548 4,465 4,932 185.7 < 0.01 0.04 < 0.01 

CP, % 12.0
a
 12.4

a
 1.16 14.7

a
 11.7

b
 10.3

b
 1.16 0.60 < 0.01 0.95 

NDF, % 66.7
a
 60.8

b
 0.48 62.2

a
 62.2

a
 66.9

b
 0.76 < 0.01 < 0.01 0.73 

Ergovaline, mg/kg  0.51 0.034 0.48 0.48 0.57 0.058    

a,b
Means without common superscripts within row differ (P < 0.01). 
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Table 2. Effects of cow grazing common bermudagrass or toxic endophyte-infected tall fescue during conception, cow body condition 

during conception, and cow body condition during the last trimester of pregnancy on indicators of growth in beef heifers. 

 ConFor
1
 ConBC

2
 LateBC

3
 Pooled 

SEM 

Effects P-value
4
 

Item
5
 CB E+ Good Marginal Good Marginal Age ConFor ConBC LateBC 

Weight            

    Birth, kg 35.2 33.2
 

34.7 33.7 34.6 33.8 ± 0.5  0.03 0.21 0.28 

    Weaning, kg 238 230 236 232 243
 

225
 

± 4.0 0.004 0.22 0.59 0.02 

    Post-wean, kg 261 257 260 258 265
 

252
 

± 4.0 0.006 0.47 0.73 0.05 

            

Hip            

    Height, cm 117 115 116 115 116 115 ± 0.7 0.11 0.10 0.28 0.21 

    Width, cm 34.3 33.9 34.1 34.1 34.6 33.6 ± 0.3 0.02 0.47 0.90 0.07 

            

Pelvic            

    Height, cm 11.8 12.4 12.1 12.2 12.3 11.9 ± 0.3 0.47 0.16 0.78 0.34 

    Width, cm 9.9 9.9 9.9 9.9 10.0 9.7
 

± 0.1
 

0.01 0.90 0.62 0.05 

    Area, cm
2
 117 122 120 120 123.9 115.9 ± 3.2 0.12 0.27 0.99 0.12 

1
ConFor = cow forage grazed during conception [common bermudagrass (CB) or toxic endophyte-infected tall fescue (E+)] 

2
ConBC = cow body condition (BC) during conception [marginal body condition score (BCS = 4.2 ± 0.8) or good (BCS = 6.3 ± 0.8)]. 

3
LateBC = cow BC during the last trimester of pregnancy [marginal (BCS = 4.2 ± 0.8) or good (BCS = 6.3 ± 0.8)]. 

4
Main effects of ConFor, ConBC, and LateBC as well as Covariate (Age) P-values. 

5
Item = heifer growth indicators. 
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Influence of Maternal Environment during Conception and Late-Gestation, and Fescue 

Cultivar during Heifer Development on Growth and Fertility of Crossbred Beef Heifers 

 

 

ABSTRACT 

Objective was to determine effects of maternal forage type grazed during conception, cow body 

condition during conception and late-gestation, and heifer fescue cultivar grazed during 

development on heifer growth and fertility. Brahman-influenced cows (body condition score; 

BCS = 5.6 ± 1.3) were assigned to graze common bermudagrass (CB) or toxic endophyte-

infected tall fescue (E+) for a 60-d breeding season (ConFor = cow conception forage) during 2 

yr. Cow body condition (BC) was assessed at d 0, 30, and 60 of breeding season (ConBC = cow 

BC during conception). Cows were managed to achieve marginal (BCS = 4.2 ± 0.8) or good 

(BCS = 6.3 ± 0.8) BC during the last trimester (LateBC = cow BC during late-gestation). At 9 to 

10 mo of age, Angus-sired (1/8 to 1/4 Brahman) heifers (n = 80) were weighed and randomly 

assigned to replicated pastures of E+ or non-toxic (Novel) endophyte-infected tall fescue (Hfes = 

heifer fescue cultivar grazed during development) for 190 d during 2 yr. Heifer body weight and 

growth data were collected at initiation of grazing study (9 to 10 mo), yearling (11 to 12 mo), 

and prebreeding (13 to 14 mo). Heifer antral follicle count (AFC) was determined by ultrasound 

at yearling and prebreeding. Data were analyzed using mixed procedure with pasture as 

experimental unit, heifer age as a covariate, and heifer within year as a repeated measure. Main 

effects tested were ConFor, ConBC, LateBC, and Hfes. Heifers developed on E+ from cows in 

marginal-ConBC, grazing E+ ConFor, and in marginal-LateBC had the lowest (P < 0.0001) 

ADG compared to Novel heifers from cows in good-ConBC, grazing E+ ConFor, and in good-

LateBC(-0.30 vs. 0.58 ± 0.03 kg). Pelvic height (P < 0.0001) was influenced by ConBC x 

ConFor x LateBC x Hfes interaction where heifers developed on E+ from cows in marginal-
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ConBC, grazing CB ConFor, and in good-LateBC had the smallest PH. Heifer AFC was affected 

(P < 0.0001) by ConBC x ConFor x LateBC x Hfes interaction.  Novel heifer AFC from cows in 

good-ConBC, grazing CB ConFor and in marginal-LateBC was greater at yearling compared to 

E+ heifer AFC (25.1 ± 0.8 vs. 3.8 ± 2.4 follicles) from cows in marginal-ConBC, grazing CB 

ConFor and in good-LateBC. Heifer pregnancy rate was influenced (P < 0.05) by LateBC x Hfes 

(90.3, 69.6, 50.0, 43.8 %, respectively Novel Hfes from cows in good-LateBC, Novel Hfes from 

cows in marginal-LateBC, E+ Hfes from cows in good-LateBC, and E+ Hfes from cows in 

marginal-LateBC). Ensuring cows are in adequate BC during conception and late-gestation will 

result in increased pelvic growth, more antral follicles, and improved pregnancy rates of heifer 

offspring.   

 

INTRODUCTION 

Nutrient restricted cows often lose body condition (BC) during pregnancy and 

postpartum, which can impact offspring growth, development, and subsequent reproductive 

performance (Freetly et al., 2000; Funston et al., 2010). Wild-type tall fescue [E+; Lolium 

arundinaceum (Schreb.) Darbysh.] is an excellent forage species that is well adapted to the 

Midwestern and Southeastern United States of America due to its drought resistance, and toxicity 

to insects (Bacon, 1995). Cattle grazing toxic endophyte-infected tall fescue (E+) can suffer 

fescue toxicosis which is characterized by elevated body temperature, reduced feed intake, and 

decreased ADG (Goetsch et al., 1987; Looper et al., 2006; Paterson et al., 1995; Schmidt and 

Osborn, 1993). Looper et al. (2010) reported cows with marginal-BC grazing E+ had reduced 

calving rates. Watson et al. (2004) demonstrated body condition score (BCS) of cows grazing E+ 

was lower, cow ADG was reduced, and cows birthed lighter calves. Heifers grazing E+ have 
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suppressed growth which could be detrimental to reproductive processes including pregnancy 

rates (Paterson et al., 1995; Porter and Thompson, 1992; Schmidt and Osborn, 1993).  

Heifers fed diets containing ergot alkaloids resulted in reduced follicle numbers and 

preovulatory follicle diameter, which was exacerbated during heat stress (McKenzie and 

Erickson, 1991; Burke et al., 2001). Fewer antral follicles during estrous cycles could impact 

fertility as antral follicle count has been positively associated with fertility in cattle (Burns et al., 

2005; Ireland et al., 2008; Cushman et al., 2009).  

The negative effects of cattle grazing E+ led to the development of non-toxic endophyte-

infected tall fescue (Novel; Bouton et al., 2002; Nihsen et al., 2004; West et al., 2001). Research 

has demonstrated cattle grazing Novel do not exhibit signs of fescue toxicosis and show 

improved performance compared to cattle grazing E+ (Nihsen et al., 2004; Parish et al., 2003; 

Watson et al., 2004). Objective of this study was to determine effects of maternal forage type 

grazed during conception, cow body condition (BC) during conception, BC during late-gestation, 

and fescue cultivar during heifer development on growth and fertility of beef heifers. 

 

MATERIALS AND METHODS 

The committee for animal welfare at the USDA-ARS, Dale Bumpers Small Farms 

Research Center, Booneville, Arkansas, and the University of Arkansas Institutional Animal 

Care and Use Committee (No. 040200) approved animal procedures used in this study. 

Cow Management. Brahman-influenced cows [n = 80; body condition score (BCS) = 5.6 

± 1.3] were assigned, during a 60-d breeding season, to graze (1 cow/ 0.7 ha) either common 

bermudagrass [CB; Cynodon dactylon (L.) Pers.; n = 3 (16 ha) pastures/ yr] or toxic tall fescue 

[E+; Lolium arundinaceum (Schreb.) Darbysh.; n = 3 (16 ha) pastures/ yr]. Cow body condition 
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was assessed at d 0 (ConBC = cow BC during conception), 30, and 60 of the breeding season. 

From May 8 to July 11 (yr 1) and from May 8 to July 9 (yr 2), cows were exposed to Angus bulls 

(1 bull/ 20 cows) previously evaluated for breeding soundness. All cows grazed CB for 145 d 

following the 60-d breeding season, after which all cows grazed stockpiled and spring-growth 

E+. Cows were managed to achieve marginal (BCS = 4.2 ± 0.8) or good (BCS = 6.3 ± 0.8) BC 

during last trimester of pregnancy (LateBC = cow BC). Stocking rate during the last trimester 

was 1 cow/ 0.3 ha [marginal BC; body weight (BW) = 462.3 ± 81 kg; BCS = 4.2 ± 0.8, where 1 

= emaciated to 9 = obese; Wagner et al., 1988] or 1 cow/ 0.8 ha (good BC; BW = 585.2 ± 44 kg; 

BCS = 6.3 ± 0.8). Calving dates of cows ranged from February 11 to April 9 (yr 1) and from 

February 2 to April 9 (yr 2). 

Forage Management. Pastures of both forage types were established > 20 yr and E+ 

pastures were > 85% endophyte-infected. Pastures were characterized three times (d 0, 30, and 

60) during the breeding season to determine forage mass, nutritive value, and concentration of 

ergovaline. Forage mass was determined using a disk meter (Bransby et al., 1977) and forage 

height was recorded at 100 random locations in each pasture. Forage was clipped to ground level 

beneath the disk meter at each location per pasture to calibrate the disk meter. Samples were 

dried (60°C) in a forced-air oven for 72 h and weighed to calculate regression equations of 

DM/ha and disk meter height. Nutritional analysis of forage was carried out on random samples 

(20 samples/16 ha) collected at each sampling date. Dried forage samples were ground to pass 

through a 0.85-mm screen and analyzed for CP by rapid combustion (AOAC, 1990; Elementar 

Americas Inc., Mt. Laurel, NJ) and NDF using Ankom Technology (Macedon, NY) by the 

Agricultural Diagnostic Service Laboratory, University of Arkansas, Fayetteville. High-

performance liquid chromatography was utilized to determine ergovaline concentrations 
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(Rottinghaus et al., 1991) on pooled samples taken from E+ pastures (20 samples/16 ha of 

pasture) cut into 5.1-cm pieces, and was stored at -4°C until determination. 

Heifer Forage Management. In two subsequent years, Angus-sired (1/8 to 1/4 Brahman) 

heifers (n = 80) were weighed at weaning (240 ± 30 kg) and managed on CB pasture (16 ha) for 

64 ± 2 d. Heifers (9 to 10 mo of age) were blocked by weight and randomly assigned (4 head/ 

pasture) to replicated pastures (1 ha) of E+(n = 3 pastures) or non-toxic endophyte-infected tall 

fescue [four HiMag (Novel) tall fescue with strain 4 endophyte (HiMag4; Nihsen et al., 2004), 

and four (three pastures in yr 2; Novel) Jesup tall fescue with the AR542 endophyte strain 

(MaxQ™; Bouton et al., 2002)].   

Heifer Weight and Growth Measurements. Heifer weights and body dimensions were 

determined at weaning (7 to 8 mo), post-weaning (9 to 10 mo), yearling (10 to 11 mo), and 

prebreeding (13 to 14 mo). Body dimensions were: hip height (HH), hip width (HW), pelvic 

height (PH), pelvic width (PW), and pelvic area (PA). Hip height was measured using a sliding 

caliper. (Altitude Stick, NASCO, Fort Atkinson, WI).  Hip width was measured by firmly 

closing a clamp over the edge of the hook bones and measuring the distance between the clamp 

ends. Measurements for PH and PW were obtained per rectum using a Rice Pelvimeter (Lane 

Manufacturing, Denver, CO). Pelvic height was determined as the vertical distance between the 

pubis symphysis and the sacral vertebrae. Pelvic width was determined as the horizontal distance 

between the shafts of the ilia. Pelvic area was calculated as the product of PH x PW. Exit 

velocity (EV; rate at which the heifers exited the squeeze chute and traversed 1.83 m) was 

determined using two infrared sensors (FarmTek, Inc., North Wiley, TX) and recorded as time 

(s)/distance (m). 
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Heifer Reproductive Traits. Antral follicle count (AFC; total number of follicles >3mm 

in diameter on both ovaries, Burns et al., 2005) was determined by an individual technician using 

real-time ultrasonography (Aloka 500 V
®
; Corometrics, Wallingford, CT, equipped with a 7.5-

MHz transducer). Those counts were determined twice at yearling (d 73 ± 2 and 85 ± 2) and 

prebreeding (d 175 ± 2 and d 187). Heifers received 100 mg GnRH (Cystorelin, Merial LLC, 

Duluth, GA) on d 187 along with a controlled internal drug-releasing device (CIDR; Pfizer 

Animal Health, New York, NY) for 7 d and administered 25 mg PGF2α at removal of CIDR. On 

d 194, all heifers were fitted with a radio-telemetry transmitter (HeatWatch, Cow Chips LLC, 

Denver, CO). Estrous activities were recorded for each heifer during the first 30 d of breeding 

season and included date and time of the onset of estrus, number of mounts received, duration (h) 

of estrus, as well as the quiescent (no estrus activity between two individual mounts) period. 

During the 60 d breeding season, all heifers were removed from fescue pastures and maintained 

as a single herd on a CB pasture (16 ha) to avoid the potential effects of fescue on bull fertility. 

Three Angus bulls, previously evaluated for breeding soundness were used during the 60 d 

breeding season.  Pregnancy was determined 60 d after the breeding season.  

Statistical Analyses. Heifer growth measurements were analyzed by ANOVA within a 

split-plot design. Growth measurements, estrous behavior and AFC were analyzed using the 

mixed procedure of SAS (SAS Inst., Cary, NC) with pasture within year as the experimental 

unit, heifer age as a covariate, and heifer within year as a repeated measure. The main effects 

tested were maternal forage grazed during conception (ConFor = cow forage grazed during 

conception; E+ or CB), conception BC (ConBC; marginal vs. good), BC during the last trimester 

of pregnancy (LateBC; marginal vs. good), and heifer fescue cultivar grazed during development 

(Hfes = E+ or Novel). In addition, interactions of main effects were included in the model. When 



 

35 

 

 
 

  
 

interactions were not significant, the model was reduced. All main effects and interactions were 

tested using Kenward-Rogers approximation for calculation of the df of the pooled error term 

and when F-tests were significant least squared means were separated using Tukey’s procedures. 

Percentage of heifers exhibiting estrus during the first 30 d of the breeding season and pregnancy 

rate were analyzed by Chi-square analysis. 

 

RESULTS 

The covariate of heifer age was significant (P < 0.05) for post-weaning body weight 

(BW), yearling BW, average daily gain (ADG), HW, and pre-breeding AFC. Heifer BW 

increased (P < 0.0001) as heifers got older and was influenced by a 4-way interaction of main 

effects (Figure 1). As with BW heifer ADG was (P < 0.0001) affected by ConBC x ConFor x 

LateBC x Hfes interaction (Figure 2). That interaction, in part, can be attributed to heifers 

developed on Novel compared to heifers grazing E+ during development (0.54 ± 0.01 vs. 0.35 ± 

0.02 kg/d). 

Hip height and HW increased (P < 0.0001) over time. Heifer HH was influenced (P = 

0.002) by the interaction between ConBC and ConFor where heifers from cows grazing E+ in 

good-ConBC had the smallest HH compared to heifers from cows grazing CB in good-ConBC, 

cows grazing E+ in marginal-ConBC, and cows grazing CB in marginal-ConBC (119.2, 123.0, 

121.5, and 121.2 ± 0.7 cm, respectively).  Interaction between ConFor and LateBC influenced (P 

= 0.0002) heifer HH. Heifers from grazing E+ during conception in marginal-LateBC had the 

smallest HH compared to heifers from cows grazing E+ ConFor in good-LateBC, cows grazing 

CB in marginal-LateBC, and cows grazing CB in good-LateBC (117.9, 122.7, 122.4, 121.8 ± 0.7 

cm, respectively). Heifer HH was affected by the main effect of ConFor (Table 1). Hip Width 
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was affected (P = 0.04) by the LateBC by Hfes interaction. Heifers from cows in marginal-

LateBC developed on E+ had the smallest HW compared to HW of heifers from cows in 

marginal-LateBC developed on Novel, cows in good-LateBC developed on E+, and cows in 

good-LateBC developed on E+ (36.0, 37.7, 37.7, 37.7 ± 0.4 cm, respectively). Heifer HW was 

influenced (P = 0.01) by the main effect of Hfes (Table 1), but was not affected (P > 0.13) by 

other main effects or their interactions. 

Heifer PH (P < 0.0001) increased over time. Interaction between ConBC x ConFor x 

LateBC x Hfes affected (P < 0.0001) heifer PH. Pelvic height of E+ heifers from cows in 

marginal-ConBC, grazing E+ ConFor, and in good-LateBC was greater compared to PH of E+ 

heifers from cows in marginal-ConBC, grazing CB ConFor, and in good-LateBC (14.56 ± 0.76 

cm vs. 10.28 ± 0.6 cm). Heifer PW and PA increased (P < 0.0001) over time but were not altered 

by the interaction between ConBC x ConFor x LateBC x Hfes. Pelvic width was affected (P = 

0.004) by LateBC where PW of heifers from cows in good-LateBC was greater compared to PW 

of heifers from cows in marginal LateBC (11.4 ± 0.1 cm vs. 11.0 ± 0.1 cm, respectively; Table 

1). Heifer PW was not (P > 0.13) influenced by other main effects or their interactions. 

Yearling heifer EV was (P = 0.002) affected by the ConBC x ConFor x Hfes 3-way 

interaction. Heifers developed on E+ from cows in good-ConBC, grazing CB during conception 

exited the chute faster compared to E+ heifers from cows in marginal-ConBC, grazing CB 

during conception (23.4 ± 11.9 s/m vs.105.3 ± 13.6 s/m, respectively). Post-weaning and 

prebreeding heifer EV was not (P > 0.32) affected by main effects or their interactions. 

Antral follicle count was influenced by scan date (P < 0.0001). Yearling heifer AFC was 

(P < 0.0001) affected by the ConBC x ConFor x LateBC x Hfes interaction (Table 2). Novel 

heifers from cows in good-ConBC, grazing CB ConFor and in marginal-LateBC had the most 
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antral follicles at yearling compared to E+ heifers from cows in marginal-ConBC, grazing CB 

ConFor and in good-LateBC (25.1 ± 0.8 follicles vs. 3.8 ± 2.4 follicles, respectively). 

Prebreeding heifer AFC was (P = 0.002) affected by the ConBC x ConFor x LateBC x Hfes 

interaction (Table 2). Heifers developed on E+ from cows in good-ConBC, grazing E+ ConFor 

and in good-LateBC had the most antral follicles at prebreeding compared to Novel heifers from 

cows in good-ConBC, grazing E+ ConFor and in marginal-LateBC (24.4 ± 1.3 follicles vs. 12.8 

± 1.3 follicles, respectively).   

Interaction between ConFor and Hfes affected (P = 0.02) the percentage of Novel heifers 

exhibiting estrus as recorded by HeatWatch during the first 30 d of the breeding season (Table 

3). More heifers exhibited estrus that were developed on Novel from cows grazing E+ during 

conception compared to Novel heifers from cows grazing CB during conception (83% vs. 54%, 

respectively). Interaction between ConBC and Hfes did not (P > 0.13) affect the percentage of 

E+ heifers exhibiting estrus. Interaction between LateBC and Hfes did not (P > 0.74) affect the 

percentage of Novel or E+ heifers exhibiting estrus. Number of mounts during estrus was (P < 

0.0001) affected by the ConBC x ConFor x LateBC x Hfes interaction (Table 3). Novel heifers 

from cows in good-ConBC, grazing E+ ConFor and in marginal-LateBC had the most mounts 

during estrus compared to E+ heifers from cows in good-ConBC, grazing E+ ConFor and in 

marginal-LateBC (24.9 ± 1.7 mounts vs. 7.6 ± 2.0 mounts, respectively). Duration of estrus was 

(P = 0.02) affected by the ConBC x ConFor x LateBC x Hfes interaction (Table 3). Novel heifers 

from cows in marginal-ConBC, grazing CB ConFor and in good-LateBC had the longest 

duration of estrus compared to E+ heifers from cows in marginal-ConBC, grazing E+ ConFor 

and in good-LateBC (9.0 ± 0.6 hr vs. 2.6 ± 1.4 hr, respectively). Heifer quiescence was (P < 

0.0001) affected by the ConBC x ConFor x LateBC x Hfes interaction (Table 3). Heifers 
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developed on E+ from cows in marginal-ConBC, grazing E+ ConFor and in good-LateBC had 

the shortest quiescence, while E+ heifers from cows in good-ConBC, grazing CB ConFor and in 

marginal-LateBC had the longest (16.8 ± 8.4 min vs. 62.4 ± 4.2 min, respectively) quiescence.  

Heifer pregnancy rate was influenced (P = 0.05) by LateBC x Hfes (90.3, 69.6, 50.0, 43.8 

% pregnant: Novel heifers from cows in good-LateBC, Novel heifers from cows in marginal-

LateBC, E+ heifers from cows in good-LateBC, and E+ heifers from cows in marginal-LateBC, 

respectively). All other interactions did not (P > 0.20) affect heifer pregnancy rate.  

 

DISCUSSION 

The quality of maternal nutrition during conception and late-gestation could impact 

postnatal growth, development, and subsequent reproductive performance of offspring (Martin et 

al., 2007; Funston et al., 2010). Since the discovery of toxins in tall fescue, research has focused 

on production implications of livestock grazing E+ and the effects of this endophyte infected 

grass on different aspects of animal agriculture. Overall ADG of heifers developed on Novel was 

greater compared to heifers developed on E+, which is consistent with previous research 

(Watson et al., 2004). Heifers developed on E+ from cows in marginal-BC during conception 

and from cows in marginal-BC during late gestation had lower ADG. Heifers born from thin 

cows and then developed on E+ suffered a double insult, which likely contributed to reduced 

ADG. 

Antral follicle count has been positively associated with fertility in cattle and has 

consequently been used as a predictor of fertility (Burns et al., 2005; Ireland et al., 2007; 

Cushman et al., 2009). Maternal environment has an important role in the regulation of and or 

variation in ovarian reserve as measured by AFC (Ireland et al., 2011). In fact, maternal nutrient 
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restriction during conception and the first trimester of pregnancy (the period encompassing the 

peak in fetal oocyte numbers) resulted in 60% lower AFC in heifers born to nutrient restricted 

cows (Mossa et al., 2009). Mean AFC in the current study was lower in heifers from cows in 

marginal-BC during conception compared to heifers from cows in good-BC during conception 

substantiating the importance of maternal BC during conception and early pregnancy on 

subsequent heifer AFC.  

Jones et al. (2003) reported differences in estrous cycles of heifers consuming an E+ seed 

diet. No differences in estrous activity were noted in cows grazing E+ compared to cows grazing 

CB (Looper et al., 2008). Problems associated with reduced estrus activity may manifest in 

heifers grazing E+ if heifers were born from nutrient restricted cows. Furthermore, nutrient 

restriction and BW loss in heifers resulted in cessation of estrous cycles (Wettemann and Bossis, 

1999).  

Heifers receiving ergotamine to simulate cattle grazing E+ produced embryos of reduced 

quality and development, and embryo recovery rate tended to be lower compared to control 

heifers (Schuenemann et al., 2005). Embryos collected from donors not consuming ergotamine 

and transferred on d 7 into recipients consuming ergotamine tartrate revealed no differences in 

pregnancy rates. Those results suggest the deleterious effects of ergot alkaloids on pregnancy 

rates occur before d 7 during oocyte maturation or early stages of embryonic development 

(Schuenemann et al., 2005). Our data are consistent with previous research in that cattle 

consuming E+ forage have reduced pregnancy rates (Paterson et al., 1995; Schmidt and Osborn, 

1993; Stricker et al., 1979; Tucker et al., 1989).  

Nutrition has been shown to affect growth as indicated by weight at puberty and skeletal 

body measurements (Ferrell, 1982; Gombe and Hansel, 1973; Nelsen et al., 1982). Using growth 



 

40 

 

 
 

  
 

indicators revealed heifers from thin cows, developed on E+ had reduced overall growth 

compared to heifers developed on Novel. Reduced heifer growth affects critical events such as 

first calving, and increased incidences of dystocia in heifers with smaller pelvic dimensions 

(Bellows et al., 1971; Johnson et al., 1988; Stevenson and Call, 1988). 

Consistent with previous research, heifers developed on toxic tall fescue had reduced 

growth compared to heifers grazing Novel fescue during development (Watson et al., 2004). 

Growth of E+ heifers was further decreased by a marginal-maternal-BC during conception and 

maternal nutrient restriction during late-gestation. Variations in maternal environment negatively 

impacted ovarian reserve, specifically noted by the significant effect of cow body condition 

during conception on AFC of heifer offspring. Overall pregnancy rates were lower for heifers 

developed on E+ compared to Novel and was further impacted by maternal BC during late-

gestation. Utilizing growth indicators such as skeletal body measurements in combination with 

Novel fescue for development of replacement beef heifers will result in increased ADG. 

Ensuring cows are in adequate BC during conception and late-gestation will result in increased 

pelvic growth, more antral follicles, and improved pregnancy rates of their heifer offspring.  
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Figure 1. Heifer body weight during development effected by the interaction between 

conception body condition (BC) of cow (ConBC
1
) x cow forage grazed during conception 

(ConFor
2
) x cow body condition during late gestation (LateBC

3
) x heifer fescue

4
 cultivar grazed 

during development (P < 0.0001; pooled SEM = 42). 

 
1
ConBC = Good (BCS = 6.3 ± 0.8) or Marginal (BCS = 4.2 ± 0.8) 

2
Confor = common bermudagrass (CB) or toxic endophyte-infected tall fescue grazed (E+) 

3
LateBC = Good or Marginal 

4
Heifer fescue cultivar = toxic (E+) or non-toxic (Novel) endophyte-infected tall fescue 

 

Abbreviations: GCBG = good-ConBC, CB, good-LateBC; GCBM = good-ConBC, CB, 

marginal-LateBC; GE+G = good-ConBC, E+, good-LateBC; GE+M = good-ConBC, E+, 

marginal-LateBC; MCBG = marginal-ConBC, CB, good-LateBC; MCBM = marginal-ConBC, 

CB, marginal-LateBC; ME+G = marginal-ConBC, E+, good-LateBC; ME+M = marginal-

ConBC, E+, marginal-LateBC  
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Figure 2. Heifer ADG during development effected by the interaction between conception body 

condition (BC) of cow (ConBC
1
) x cow forage grazed during conception (ConFor

2
) x cow body 

condition during late gestation (LateBC
3
) x heifer fescue

4
 cultivar grazed during development (P 

< 0.0001; SEM = 0.03 kg). 

.  

 
1
ConBC = Good (BCS = 6.3 ± 0.8) or Marginal (BCS = 4.2 ± 0.8) 

2
Confor = common bermudagrass (CB) or toxic endophyte-infected tall fescue grazed (E+) 

3
LateBC = Good or Marginal 

4
Heifer fescue cultivar = toxic (E+) or non-toxic (Novel) endophyte-infected tall fescue 

 

Abbreviations: GCBG = good-ConBC, CB, good-LateBC; GCBM = good-ConBC, CB, 

marginal-LateBC; GE+G = good-ConBC, E+, good-LateBC; GE+M = good-ConBC, E+, 

marginal-LateBC; MCBG = marginal-ConBC, CB, good-LateBC; MCBM = marginal-ConBC, 

CB, marginal-LateBC; ME+G = marginal-ConBC, E+, good-LateBC; ME+M = marginal-

ConBC, E+, marginal-LateBC  

 

 

 

 

 

 

 

 

 

 



 

 

 

 
 

  
4
7
 

Table 1. Effects of cow grazing common bermudagrass or toxic endophyte-infected tall fescue during conception, cow body condition 

during conception, and cow body condition during the last trimester of pregnancy on indicators of growth in beef heifers. 

 ConFor
1
 ConBC

2
 LateBC

3
 Hfes

4 
Pooled 

SEM 

Effects P-value
5
 

Item CB E+ Good Marg Good Marg E+ Novel ConFor ConBC LateBC Hfes 

Weight              

  Postwean, kg 260 254
 

259 256 264
 

251
 

245 261 ± 4.0 0.35 0.64 0.05 0.22 

  Yearling, kg 284 280 284 280 586
 

278
 

273
 

291
 

± 4.0 0.40 0.44 0.15 0.007 

  Prebreed, kg 345 333 347 331 345
 

333
 

319
 

359
 

± 4.0 0.20 0.11 0.19 0.003 

              

Hip              

  Height, cm 123
 

121
 

121 121 122 121 121 122 ± 0.5 0.004 0.60 0.08 0.21 

  Width, cm 37.5 37.0 37.2 37.2 37.4 37.0 36.8
 

37.7
 

± 0.3 0.15 0.98 0.30 0.01 

              

Pelvic              

  Height, cm 13.7 13.8 13.8 13.7 13.8 13.7 13.7 13.8 ± 0.1 0.60 0.75 0.48 0.47 

  Width, cm 11.3 11.2 11.3 11.4 11.4
 

11.0
 

11.1 11.3 ± 0.1 0.51 0.34 0.02 0.15 

  Area, cm
2
 156 155 157 154 159 152 153 158 ± 2.7 0.95 0.52 0.09 0.21 

1
ConFor = cow forage grazed during conception [common bermudagrass (CB) or toxic endophyte-infected tall fescue (E+)]. 

2
ConBC = cow body condition (BC) during conception [marginal body condition score (BCS = 4.2 ± 0.8) or good (BCS = 6.3 ± 0.8)]. 

3
LateBC = cow BC during the last trimester of pregnancy [marginal (BCS = 4.2 ± 0.8) or good (BCS = 6.3 ± 0.8)]. 

4
Hfes = heifer fescue cultivar grazed during development [E+ or non-toxic endophyte-infected tall fescue (Novel)]. 

5
Main effects of ConFor, ConBC, and LateBC P-values; covariate of heifer age was significant (P < 0.05) for postweaning weight, 

yearling weight, and hip width. 
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Table 2. Heifer yearling and prebreeding antral follicle count affected by the interaction between maternal conception body condition 

x maternal forage grazed during conception x maternal body condition during late gestation x heifer fescue grazed during 

development.  

 Marginal-ConBC
1
 Good-ConBC

1
 

 CB
2
 E+

2
 CB E+ 

 Good-

LateBC
3
 

Marginal-

LateBC
3
 

Good-

LateBC 

Marginal-

LateBC 

Good-

LateBC 

Marginal-

LateBC 

Good-

LateBC 

Marginal-

LateBC 

AFC
5
 E+

4
 Novel

4
 E+ Novel E+ Novel E+ Novel E+ Novel E+ Novel E+ Novel E+ Novel 

Yr
5
 4

d
 18

c
 24

ab
 19

bc
 18

bc
 19

bc
 22

ab
 18

c
 25

ab
 22

ab
 25

ab
 25

ab
 23

ab
 25

ab
 20

abc
 16

c
 

                 

PBr
5
 N/A

 
15

yz
 20

xy
 17

yz
 19

xy
 16

yz
 18

yz
 16

yz
 20

xy
 18

yz
 20

yz
 19

xy
 24

x
 18

yz
 14

yz
 13

z
 

1
ConBC = Cow body condition [BC; good (BCS = 6.3 ± 0.8) or marginal (BCS = 4.2 ± 0.8)] during conception. 

2
Cow conception forage type grazed [common bermudagrass (CB) or toxic endophyte-infected tall fescue (E+)]. 

3
LateBC = Cow BC during last trimester of gestation. 

4
Heifer fescue cultivar grazed during development [E+ or non-toxic endophyte-infected tall fescue (Novel)]. 

5
AFC = antral follicle count of heifers at yearling (Yr) and prebreeding (PBr). 

N/A = no data. 
a,b,c,d

Means without common superscripts differ (P < 0.05; pooled SE = 1.2). 
x,y,z 

Means without common superscripts differ (P < 0.05; pooled SE = 1.2). 
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Table 3. Estrous activity and pregnancy rate of crossbred beef heifers affected by the maternal conception body condition x maternal 

forage grazed during conception x maternal body condition during late gestation x heifer fescue cultivar grazed during development 

interaction. 

ConBC
1
: Marginal Good 

ConFor
2
: CB

2
 E+

2
 CB E+ 

LateBC
3
 Good Marginal Good Marginal Good Marginal Good Marginal 

Hfes
4
: E+ Novel E+ Novel E+ Novel E+ Novel E+ Novel E+ Novel E+ Novel E+ Novel 

Item
5 

                

n 3 8 5 9 3 10 2 3 1 5 5 5 2 6 2 4 

Est,% 67 100 80 100
 

100 90
 

100 100
 

N/A 100
 

80 100
 

50 83 0 50
 

Mnts N/A 17
b
 11

bc
 12

bc
 10

bc
 15

bc
 N/A 10

bc
 16

bc
 24

a
 15

bc
 21

a
 9

c
 14

bc
 8

c
 25

a
 

Dur, h N/A 9
j
 6

j
 7

j
 3

k
 6

j
 N/A 6

j
 7

j
 8

j
 8

j
 9

j
 7

j
 5

k
 3

k
 7

j
 

Quies, m N/A 34
yz

 37
yz

 34
yz

 17
z
 29

yz
 N/A 59

x
 27

yz
 22

z
 60

x
 32

yz
 52

xy
 26

yz
 28

yz
 20

yz
 

Preg,% 33 89 40 44 33 91 50 100 100 100 57 80 67 83 0 80 
1
ConBC = Cow body condition [BC; good (BCS = 6.3 ± 0.8) or marginal (BCS = 4.2 ± 0.8)] during conception. 

2
Cow conception forage type grazed [common bermudagrass (CB) or toxic endophyte-infected tall fescue (E+)]. 

3
LateBC = Cow BC during last trimester of gestation. 

4
Hfes = heifer fescue cultivar grazed during development [E+ or non-toxic endophyte-infected tall fescue (Novel)]. 

5
Item = Est (percentage of heifers exhibiting estrus); Mnts (number of mounts during estrus); Dur (length of estrus); Quies (period of 

no activity between mounts); and Preg (percentage of heifers pregnant). 
a,b,c,d

Means without common superscripts differ (P < 0.05; pooled SE = 1.6). 
j, k

Means without common superscripts differ (P < 0.05; pooled SE = 1.0). 
x,y,z 

Means without common superscripts differ (P < 0.05; pooled SE = 4.6).
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Dissertation Conclusion 

 

 

Maternal environment during conception and late gestation can impact growth, 

development, and fertility of female offspring. Cow body condition (BC), forage grazed during 

conception, and the availability of nutrients during the last trimester of pregnancy are related to 

post-natal growth and fertility of heifers. Cows in marginal BC during conception and late 

gestation resulted in reduced growth, fewer antral follicles, and reduced pregnancy rates of heifer 

offspring. Grazing toxic endophyte-infected tall fescue (E+) during conception resulted in cows 

having lower birth weight heifer calves compared to heifers from cows grazing common 

bermudagrass during conception. Heifers grazing E+ during development had decreased average 

daily gain (ADG), antral follicle count, estrous activity, and reduced pregnancy rates compared 

to heifers grazing non-toxic endophyte-infected tall fescue (Novel) during development. 

Ensuring cows are in good-BC during conception and have adequate nutrients to maintain good 

body condition throughout pregnancy will circumvent reduced growth and fertility of heifer 

progeny. Utilizing skeletal body measurements as indicators of growth and Novel fescue for 

replacement beef heifer development will result in improved heifer ADG, estrous activity, and 

increased pregnancy rates. 
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