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Cow-Calf Response to Stocking Rates, Graz- 
ing Systems, and Winter Supplementation at 
the Texas Experimental Ranch 
R.K. HEITSCHMIDT, M.M. KOTHMANN, AND W.J. RAWLINS 

Abstract 

Cow-calf performance from 1960 through 1978 was contrasted 
between three grazing treatments at the Texas Experimental 
Ranch. Grazing treatments were yearlong continuous stocked at 
annual rates averaging 5.1 and 7.6 ha/ cow and a 4-pasture, 3-herd 
deferred rotation system stocked at an annual rate averaging 7.2 
ha/cow. Averaged across three weighing periods, cows in the 
deferred rotation treatment averaged 447 kg while weight of cows 
in the heavily and moderately stocked continuous treatmentsaver- 
aged 427 and 438 kg, respectively. Calf weaning weights averaged 
204,212, and 217 kg for the heavy continuous, moderate continu- 
ous, and Merrill rotation treatments, respectively. Production- 
/cow averaged 182,189, and 202 kg while production/ha averaged 
35.9, 25.2, and 27.8 kg, respectively, for the heavy continuous, 
moderate continuous, and deferred rotation treatments. Cows fed 
winter supplement were significantly heavier in early spring and 
summer than nonsupplemented cows with no sign&ant differen- 
ces in weights by late summer. Supplemented cows weaned calves 
averaging 214 kg as compared to 208 kg for calves weaned from 
nonsupplemented cows. Winter supplementation significantly 
increased production in the heavily stocked treatment but not in 
either of the moderately stocked treatments. Numerous statisti- 
cally significant interactions accompanied the significant main 
effects, and the biological significance of each was examined. 

The Texas Experimental Ranch was created in 19S9 to provide 
researchers with the necessary facilities to evaluate the longterm 
responses of both livestock and vegetation to various grazing 
systems and rates of stocking. Kothmann et al. (1970, 1971) con- 
cluded from a thorough analysis of the cow-calf performance data 
collected at the ranch from 1961 through 1968 that no economic 
advantages were apparent from either yearlong continuous graz- 
ing at a light rate of stocking (I 1.5 ha/ AU) or from a 2-pasture, 
l-herd deferred rotation system (Joubert 1958) stocked at a moder- 
ate rate (8.4 ha/ AU) when contrasted to continuous grazing and a 
4-pasture, 3-herd deferred rotation system (Merrill 1954) stocked 
at a moderate rate (8.0 ha/AU). In addition, it was concluded that 
feeding cottonseed meal (41% CP) as a winter supplement at a rate 
exceeding 0.68 kg/day was not economically justifiable in any of 
the grazing treatments. Thus, in 1969 only three grazing treatments 
that had been initiated in 1960 were continued. These treatments 
were yearlong continuous grazing at moderate and heavy rates of 
stocking and the 4-pasture, 3-herd deferred rotation system. 
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Two additional systems were evaluated at the ranch from 1969 
through 1973. These were a modified 2-pasture, l-herd system and 
a 3-pasture, 2-herd system, neither of which proved as productive 
as the 4-pasture, 3-herd system (Kothmann and Mathis 1974). 
Both of these systems were terminated in the fall of 1973 and a 
8-pasture, l-herd short duration grazing system was initiated. 
Evaluation of this system was continued through 1978 (Heitsch- 
midt and Rawlins 1980). Thus, only the yearlong continuous graz- 
ing treatments stocked at the moderate and heavy rates of stocking 
and the 4-pasture, 3-herd deferred rotation treatment have been 
continued without interruption. The objective of this manuscript is 
to summarize the cow and calf performance data from these three 
treatments from 1960 through 1978. 

Study Area and Methods 
Location and Climate 

The Texas Experimental Ranch consists of approximately 2900 
ha of native range located (99“ l4’W, 33’2O’N) in the northern 
portion of the Rollings Plains of Texas. Weather data collected 
since 1961 (unpublished) indicates a highly variable, semiarid, 
continental climate of mild, dry winters; warm, wet springs and 
falls; and hot summers. Maximum daily temperatures range from 
an average of 13°C in January to 36’C in July with mean min- 
imums ranging from -3’ to 2 lo C in January and July, respectively. 
Mean annual precipitation is 690 mm with approximately 70% 
received from April through September. The frost-free growing 
season, averaging 233 days, extends from March to November. 

Grazing Treatment 
Grazing treatments studied were: yearlong continuous grazing 

stocked at an average rate of 5. I ha/cow/year (heavycontinuous); 
yearlong continous grazing stocked at an average rate of 7.6 
ha/cow/year (moderate continuous); and a 4-pasture, 3-herd 
deferred rotation system stocked at an average rate of 7.2 ha/co- 
w/year (Merrill rotation). Herd movement in the Merrill rotation 
sequentially provided each pasture with a 4-month rest period 
following a l-year grazing period (Merrill 1954). 

Average annual stocking rates were gradually increased from 
I960 to 1978 within each treatment (Fig. I). This was necessary to 
maintain relatively constant grazing pressures as the range condi- 
tion of each pasture improved, particularly in those pastures 
stocked at the moderate rate. Minor adjustments in rates of stock- 
ing within a year were occasionally required in all treatment pas- 
tures during periods of extended drought. A major adjustment was 
required in the heavy continuous treatment from October 1974 to 
June 1975 (Fig. I) because of severe drought. By 1978 the two 
heavy continuous herds consisted of 50 cows each, the moderate 
continuous herds consisted of 37 cows each, and the three herds in 
the Merrill rotation treatment consisted of 24 cows each. 

Type of supplement, feeding rate, dates fed, and treatment herds 
fed varied between years but never between treatments within a 
year (Table I). To eliminate the effect of differences between 
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Fig. 1. Annual stocking rate for the grazing treatments at the Texas 
Experimental Ranch from I961 through 1978. 

pastures, the two herds in each of the yearlong continuous treat- 
ments were switched in October of each year. Thus, the same herd 
was supplemented each year but it was only fed in the same pasture 
every other year. 

Because of the feeding regime in 1975 and 1976, the 1976 data 
were not included in the analyses. The data from M herd in 1977 
and 1978 were also excluded from the analyses because the lack of 
supplement in I976 seriously impaired the breeding performance 
of that herd in subsequent years. 

Livestock Management 
During the 18 years, three herds of Hereford cows were utilized 

in the study (Table 1). The breeding season was from March 15 to 
June IS for Herd I (1960 through 1968); from March 1 to June I for 
Herd II (I969 through 1974); and, from January 1 to March 1 for 
Herd HI (1975 through 1978). Fertility-tested Hereford bulls were 
randomly allotted each year at a ratio not exceeding 20 cows to one 
bull. Both cows and calves were weighed when calves were approx- 
imately 90, 160, and 230 days old. Calves were weaned at 8 to 10 
months of age. 

Within 2 months following weaning of calves, cows in each 
treatment were culled if unhealthy and/ or if they had not weaned a 
calf for two consecutive years. Few cows were culled for the latter 
reason, regardless of treatment. Neither replacement cows nor 
their calves were considered valid test animals until they had been 
in their respective treatment for I year. This restriction eliminated 
the use OI the 1960, I969 and 1975 data in these analyses. 

Fig. 2. Range site composition (o/c) ofpastures included in heavy continu- 
ous (HC). moderate continuous (MC), and Merrill rotation (MR)grar- 
ing treatments at Texas Experimental Ranch. 

Vegetation 
The two principal range sites in the treatment pastures were the 

Clay Loam and Rocky Hills (Fig. 2). Other common range sites 
were Shallow, Shallow Clay, Clay Flat, Redland, Deep Redland, 
and Loamy Bottomland. 

The Clay Loam site is generally located on gentle slopes of O-3%. 
The clay and clay loam soils are moderately permeable with high 
water holding capacity. Dominant soil series are Valera clay, Lee- 
my clay and Throck silty clay. Principal climax species are sideoats 
grama [Boureloua curtipendulu (Michx.) Torr.], vine mesquite 
(Panicum obtusum H.B.K.), Arizona cottontop [Digitaria califbr- 
nica (Benth.) Henr.] and silver bluestem [Bothriochloa saccha- 
roides (Swartz) Rydb.]. Estimated annual forage production for 
this site when in excellent condition ranges from 1700 to 3400 
kg/ha (SCS 1979). 

The Rocky Hills site is located on steeper slopes ranging from 3 
to 12%. The clay soils are often shallow but moderately permeable 
with high water-holding capacities. Valera stoney clay and Owens 
stoney clay are the dominant soil series of this site. Climax vegeta- 
tion is dominanted by sideoats grama, little bluestem [Schizachy- 
rium scoparium, (Michx.) Nash.], big bluestem (Andropogon 
gerardi Vitman), Indiangrass [Sorghastrum nutans (L.) Nash], and 
switchgrass (Panicurn virgatum L.). Estimated forage production 
for this site when in excellent condition ranges from 1300 to 2700 
kg/ha (SCS 1979). 

Standing crop data were collected in the treatment pastures 

Table 1. Supplemental feeding regime in three grazing treatments at Texas Experimental Ranch from 1960 through 1978. 

Supplemental Feed 

Herd Year Type Rate’ Feeding period 

I 1960-1968 cottonseed cake (41%)) 0.68 Dec. IS-Mar. 15 
II 1969-1974 cottonseed cake (41%) 0.68 Dec. I5-Mar. 15 

Ill 1975 range cubes (20%) 0.91 Dec. 1 -Mar. 31 
range cubes (20%) 1.81 Dec. 1 -Mar. 31 

Ill 1976 range cubes (20%) 0.91 Dec.I5-Mar.15 
cottonweed cake (41%) 0.45 Dec. I5-Mar. I5 

Ill 1977-1978 range cubes (12%) 1.36 Dec. I -Feb. 28 

‘kg/day fed three days/week. 
*Grazing treatment herds are: A&F = heavy continuous. B&D = moderate continuous; K,L,&M = Merrill rotation. 
‘Percent crude protein. 

Treatment herds fed* 

A,R,K,L,M 
A,R,K 
A,R,K 
F,D,J-,M 
A&K 
F,D,f- 
A,B,K,M 
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Table 2. Total and error degress of freedom (d.f.) and F-values for various least squares analysis of variance models utilized in statistical analyses. 

Source of variation 
cow 
weights’ 

Calf weaning Calf 
weights weights 

Dependent variable 

Calf weight Conception Calf crop Calf death Production 
gains rates weaned losses kg/cow kg/ha 

Year 
Treatment 

(Y) 
(T) 

YXT 
Supplement (S) 
YXS 
TXS 
Weighing period (WP) 
Y x WP 
TXWP 
SXWP 
Calf sex (CS) 

Mode1 
Total d.f. freedom 
Error d.f. freedom 

40.0** 
28.5** 

2.7** 
28.2** 

1.6 
I.0 

223.3** 
4.8** 
3.6** 
6.2** 
- 

58.0** 
22.t+*+ 

2.4** 
14.7** 

l.8* 
0.5 
- 

- 
- 

73.9** 

137.0** 
80.6** 

5.2** 
65.9** 

4.8** 

130*:*:** 
24:7** 

0.9 
0.8 

135.1** 

63.9** 
I.5 
2.3** 
0.8 
1.8* 
0.1 

426.2** 
60.6** 

0.1 
7.6** 

48.8** 

17.2* 272.8** 28.0** 
206 618 412 
126 500 313 

4.8** 
2.3 
I .9* 
0.3 
2.8** 
2.5 

3.5** 
3.0 
2.4** 
0.2 
3.3** 
3.6* 

1.4 
I.0 
I.1 
1.2 
1.1 
1.2 
- 

12.2** 
7.6*+ 
1.8* 
1.2 
I.6 
2.3 

7.9** 
I 15.0** 

2.3** 
3.1 
2.4* 
3.55 

- - - 
- - - - - 
- - - - 

- - - 
- - - - - 

17.4** 
273 
I87 

2.6** 2.6** 
103 103 
41 41 

1.2 
103 
41 

5.2** 7.6+* 
103 103 
41 41 

‘1961-1974 data only *p<o.os 

during the summers of 1970 and 1972 on the Deep Upland and 
Rolling Hill range sites (Kothmann et al. 1978) both of which have 
since been reclassified as Clay’Loam. Total standing crop averaged 
1484 kg/ ha in the heavy continuous treatment pastures, 2178 
kg/ha in the moderate continuous treatment pastures, and 1977 
kg/ha in the Merrill rotation pastures. Total standing crop aver- 
aged 3145 kg/ ha inside exclosures that were established in 1959. 
Differences in total standing crop were primarily the result of 
differences in both livestock utilization and species composition. 
The dominant specie in the heavy continuous pastures was buffalo- 
grass (Buchloe duc?yloides (Nutt.) Engelm.) as opposed to mid- 
grass dominants of sideoats grama and Texas wintergrass (Stipa 
leucotrichu Trin. and Rupr.) in the moderately stocked pastures 
and the exclosures. 

Data Set and Statistical Analyses 
The data set consisted of annual herd means. Parameters ana- 

lyzed were: cow and calf weights for three weigh dates; calf weaning 
weights; production/cow; production/ha; percentage of cows 
pregnant; percent calf crop weaned; and percent calf death loss. 
Production/cow was calculated by multiplying calf weaning 
weight adjusted for sex of calf by number of tester cows weaning a 
calf and then dividing by total number of tester cows. Producti- 
on/ ha was then determined by dividing production/ cow by rate of 
stocking (ha/cow). Percent of cows pregnant was determined by 
palpation. Percent calf death loss was calculated by subtracting 
percent calves weaned from percent cows pregnant. 

Data were analyzed utilizing least squares analysis of variance, 
analysis of covariance and linear regression procedures. The fixed 
variable analysis of variance models was applied as a factorial 
design without treatment replications. Tukey Q values were util- 
ized for mean separation where appropriate (Snedecor and Coch- 
ran 1967). All mean values reported are least square estimates 
which generally deviated less than 2% from the raw data means. 

Since weigh dates for both cows and calves were dependent upon 
age of calf, the 1977 and 1978 cow weights were analysed separately 
from the 1961 through 1974 weights. This was necessary since the 
calving season in 1977 and 1978 began approximately 60 calendar 
days earlier than during the period from 1961 to 1974. 

Results 

Cow Weights 
Cow weight analyses for 1961 through 1974 indicated all main 

effects were significant with several significant interactions (Table 
2). Averaged across all treatments and years, cow weights averaged 
410 kg in early April, 454 kg in mid-June, and 447 kg in early 
September. The treatment by weighing period interaction revealed 
that cows in the heavy continuous treatment were significantly 
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lighter in both April and June than cows in the moderate continu- 
ous and Merrill rotation treatments (Table 3). By September, no 
significant difference in cow weights was noted between the two 
continuous treatments but cows in the Merrill rotation treatment 
were significantly heavier than cows in either continuous treat- 
ment. Examination of weight changes over time within a treatment 
(Table 3) indicated all cows gained a significant amount of weight 
during the spring. No gains were apparent during the summer, with 
the cows in the moderate continuous treatment losing a significant 
amount of weight. 

Table 3. Mean weight of cows (kg) on three weigh dates for three grazing 
treatments at Tezas Experimental Ranch from 1961 through 1974. Treat- 
ments were heavy continuous (HC), moderate continuous (MC), and 
Merrill rotation (MR). 

Treatment 
Weighing period HC MC MR 

I 394’ 4l2b 425, 
2 445c 458d 46od 
3 440, 444, 457d 

‘Means within same row or column followed by same letter ire not significantly dif- 
ferent at KO.05. 

The supplement by weighing period interaction indicated that 
supplemented cows were significantly heavier in early April and 
June than nonsupplemented cows with no differences noted by 
September (Table 4). The lack of significant weight differences in 
September was because supplemented cows lost weight during the 
summer while the weight of the nonsupplemented cows did not 
change, The lack of significant year by supplement and treatment 
by supplement interactions (Table 2) suggested response to supple- 
ment was similar across years and treatments. 

The year by weighing period interaction emphasized annual 
variation in weights across seasons. Averaged across the three 

Table 4. Mean weigbht of winter supplemented and nonsupplemented cows 
(kg) from three grazing treatments on three weigh dates at Texas 
Experimental Ranch from 1961 through 1974. 

Supplemented 
Weighing period Yes No 

I 421.’ 404 

: 
‘%lb 447, 
449, 445, 

‘Means within same row or column followed by same letter are not significantly dif- 
ferent at KO.05. 
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Table 5. AMU~ means for three grazing treatments for various production parameters at Texas Experimental Ranch from 1961 through 1978. Row 
means are significantly different at KO.05 if differences exceed Q-value. 

Parameter 

Cow weight 
Calf weaning weight (kg)* 
Calf weaning weight (kg)3 
Conception rates 
Production/cow (kg) 
Production/ha (kg) 

Year Q 
1961 1962 1963 1964 1965 1966 1967 1968 1970 1971 1972 1973 1974 1977 1978 value 

427 432 438 421 480 455 469 440 414 403 454 429 417 435’ 405’ 18 
231 219 230 211 230 217 237 216 190 204 223 218 196 183 I61 12 

2;; 2;; 
200 206 227 217 235 212 211 203 222 215 202 202 182 10 
99 96 92 98 98 94 84 97 96 95 94 90 97 10 

219 196 221 194 204 201 233 203 151 190 201 191 168 158 143 33 
27.7 24.7 30.2 27.6 29.4 28.1 34.7 33.4 25.6 32.0 33.2 32.4 28.3 28.1 25.5 5.5 

‘Not included in mean separation. 
‘Actual weight. 
‘Weight adjusted to average age of 236 days. 

treatments, cows gained a significant amount of weight from early 
April to June in all years except 1971. The response in 1971 was 
attributed to a lack of forage resulting from a very dry spring. Total 
precipitation from January to June in 1971 was 92 mm as com- 
pared to a 20 year average of 251 mm. Likewise, significant weight 
losses occurred in 8 years from June to September while significant 
gains occurred in 3 years. Basically, gains were recorded in those 
years when spring precipitation was either below normal or 
summer precipitation was above normal. 

The year by treatment interaction (Table 2) resulted primarily 
from annual variations in the magnitude of difference between 
treatments. Cows in the Merrill rotation treatment were either 
significantly heavier every year than cows in the moderate and 
heavy continuous treatments or their weights were not significantly 
different from the heaviest cows. Similarly, cows in the heavy 
continuous treatment were either significantly lighter than the 
cows in the moderate continuous and Merrill rotation treatments 
every year or their weights were not significantly different from the 
lightest. 

heavy continuous pastures were dominated by shortgrasses with 
minimal amounts of Texas wintergrass present while the moderate 
continuous and Merrill rotation pastures were dominated by mid- 
grasses with considerable amounts of Texas wintergrass present 
(Kothmann et al. 1978). Because of the shortgrasses, actual as well 
as potential forage production in the heavily stocked pastures was 
always less than in the moderately stocked pastures. This reduced 
forage production, along with the greater utilization of forage 
resulting from the greater number of livestock present, reduced the 
quantity of reserve forage present in the heavily stocked pastures 
relative to the moderately stocked pastures. Thus, when adverse 
vegetative growing conditions were encountered, quantity of for- 
age became limiting sooner in the heavily stocked pastures than in 
the moderately stocked pastures. 

Analyses of the cow weights for 1977 and 1978 reflected basically 
the same weight responses as established from the 1961 through 
1974 analyses. Cows averaged 436 kg in 1977 while in 1978 they 
averaged 405 kg. Heaviest cows were in the Merrill rotation (429 
kg) and lightest in the heavy continuous (4 16 kg). Supplementation 
increased average weights 10 kg. The weighing period effect was 
quite similar in that cows were lightest in April (402 kg), heaviest in 
June (445 kg) with a nonsignificant loss of weight in August to 440 
kg. February weights averaged 395 kg. 

The cow weight analyses emphasized the close relationship 
between cow weights and quantity and/or quality of available 
forage. Year (Table 5) and weighing period effects were directly 
related to annual and seasonal variations in quantity and quality of 
available forage, which are closely related to amount and seasonal 
distribution of precipitation (Heitschmidt et al. 1982a, 1982b). 
Treatment effects (Table 6) were related primarily to differences 
between treatment pastures in vegetative composition as it affects 
quantity and quality of available forage. Characteristically, the 

Quantity of Texas wintergrass present was assumed to be an 
important factor affecting winter cow weights. Texas wintergrass is 
a cool-season midgrass capable of making substantial vegetative 
growth during the fall and winter if adequate precipitation has 
been received. Thus, the availability of Texas wintergrass can 
dramatically alter the quality of the winter diet of livestock in this 
region. Its absence in the heavily stocked pastures presumably 
reduced overall quality of diet selected. 

Calf Weights 

Table 6. Treatment means for various production parameters at Texas 
Experimental Ranch from 1961 through 1978. Grazing treatments were 
heavy continuous (HC), moderate continuous (MC) and Merrill rotation 
(MR). 

Treatment 
Parameter HC MC MR 

Cow weight (kg)’ 427.2 438b ,447, 
Calf weaning weight (kg)’ 204n 212b 217e 
Calf weaning weight (kgr 207. 212b 215b 
Conception rates (%) 94 96 96. 
Production/cow (kg) 182 189.b 202b 
Production/ ha (kg) 35.9. 25.2b 27.8, 

‘Does not include 1977 and 1978 data. 
2Row means followed by same letter are not significantly different at IyO.05. 
‘Actual weight. 
‘Weight adjusted to average age of 236 days. 

Significant year (Table 5), treatment (Table 6), supplement, and 
sex of calf effects were revealed from thecalf weaning weight (third 
weight) analyses (Table 2). Two interactions were significant: year 
by treatment and year by supplement. The year by treatment 
interaction resulted primarily from changes between years in the 
magnitude of treatment differences in calf weaning weights. Wean- 
ing weights of calves in the heavy continuous treatment inallyears 
were either the lightest or were not significantly different from the 
lightest. In contrast, weaning weights of calves in the Merrill 
rotation treatment wereeither the heaviest or were not significantly 
different from the heaviest in 14 out of the 15 years. Calves weaned 
in the moderate continuous treatment were heaviest in 3 years but 
only significantly heavier than calves in the Merrill rotation in 
1968. In 12 years, calves in the moderate continuous treatment 
were not significantly heavier than calves in the heavy continuous 
treatment. 

The year by supplement interaction was primarily the result of 
annual variations in magnitude of differences between weaning 
weights. In seven of the 15 years, supplemented cows weaned calves 
significantly heavier than nonsupplemented while in only I year 
were calves from nonsupplemented cows significantly heavier than 
those from supplemented cows. That year was 1961, when the 
average age of calves weaned from the nonsupplemented cows was 
260 days as compared to 243 days for calves weaned from the 
supplemented cows. 

Averaged across years and supplement and corrected for sex of 
calf, weaning weight of calves in the ‘Merrill rotation treatment 
averaged 13 kg more than for calves in the heavy continuous 
treatment and 5 kg more than for calves in the moderate continu- 
ous treatment (Table 6). Calves weaned from cows fed winter 
supplement averaged 214 kg while calves weaned from nonsupple- 
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mented cows averaged 208 kg. Average weaning weight of steers 
was 217 kg as compared to 206 kg for heifers. 

To contrast differences in weaning weights between years, 
weights were adjusted for age of calf. The analysis of covariance 
indicated that age of calf was a significant covariate and that the 
main and interaction effects that were significant in the analysis of 
variance (Table 2) were also significant in the analysis of covar- 
iance. But differences between years and treatments in calf weaning 
weights diminished when adjusted for age of calves (Tables 5 and 
6). Annual differences were related to differences in amount and 
distribution of precipitation as discussed in the cow weight. The 
highly significant correlation (r = 0.77, X0.01) that was estab- 
lished between average cow weights and adjusted calf weaning 
weights emphasized this relationship. Treatment differences di- 
minished with adjustments for age of calf (Table 4) since calves in 
the heavy continuous treatment averaged 233.8 days old on the 
final weigh date while calves in the moderate continuous and 
Merrill rotation treatments averaged 235.6 and 238.2 days, respec- 
tively. Since the difference between the weaning weights of calves 
in the Merrill rotation and moderate continuous treatments 
became nonsignificant after weights were adjusted for age of calf 
(Table 6), a slight delay in breeding was probably the principal 
reason for differences in calf weaning weights between the two 
moderately stocked treatments. 

Although a delay in breeding and subsequently in calving was 
apparently a major treatment effect in the heavy continuous treat- 
ment, it was not the only factor altering calf weaning weights. 
Circumstantial evidence of treatment differences in calf birth 
weights was revealed from the analysis of variance of the calf 
weights across the three weigh dates. These analyses revealed that 
all main effects were significant as well as numerous interaction 
effects (Table 2). But only the weighing period effects were consi- 
dered biologically important since all other effects were based on 
the weight of calves averaged across the three weighing periods. 
The lack of a significant treatment by weighing period effect was 
most important in that it indicated that the calves in the heavy 
continuous treatment were significantly lighter on all weigh dates 
than calves in the two moderately stocked treatments (Table 7). 
Also it indicated that calves in the moderate continuous treatment 
were significantly lighter than those in the Merrill rotation treat- 
ment on all weigh dates. But when calf weights were adjusted for 
age, no significant differences were noted between the weight of 
calves in the moderate continuous and Merrill rotation treatments 
although weights in the heavy continuous treatment remained 
significantly lighter. Thus, it is assumed that birth weights of calves 
in the heavy continuous treatment were significantly lighter than in 
the moderately stocked treatments since weights were significantly 
lighter on the first weigh date even after adjusting for differences in 
birth dates. 

Weight gains from the first weigh date to weaning did not differ 
significantly between treatments (Table 2), although a slight differ- 
ence was apparent. Unadjusted gains were 120, 121, and 124 kg, 
respectively, for calves in the heavy continuous, moderate continu- 
ous, and Merrill rotation treatments (Table 7). The significant year 
by treatment, year by supplement, and year by weighing period 
interaction effects were all related to minor differences in gains 
between years. The supplement by weighing period interaction 

Table 7. Mean weight of calves (kg) on three weigh dates for three grazing 
treatments at Texas Experimental Ranch from 1961 through 1978. Treat- 
ments were heavy continuous (HC), moderate continuous (MC) and 
Merrill rotation (MR). 

Weighing period HC 
Treatment 

MC MR 

1 84’ 91 93 
2 150 157 161 
3 204 212 217 

‘All means are significantly different at KO.05. 

resulted from a significant difference in gains between the first and 
second weigh dates. Average weight gain of calves from supple- 
mented cows was 2.2 kg more than that of calves from nonsupple- 
mented cows. Differences in gains between the second and third 
weigh dates were nonsignificant. 

In summary, the calf weight analyses suggested that the heaviest 
calves were weaned from the Merrill rotation treatment for the 
three basic reasons: they were older, they were apparently slightly 
heavier at birth, and they made slightly faster gains. Although 
individually these effects were not significant, when contrasted 
among grazing treatments, the accumulative effects were 
significant. 

Conception Rates 
Analysis of variance of conception rates revealed significant year 

effects, year by treatment interaction effects, and year by supple- 
ment interaction effects (Table 2). The year by treatment interac- 
tion resulted from the grazing treatment effects that occurred in 
1969 when the cows were being bred for the 1970 calf crop. Concep- 
tion rate in the heavy continuous treatment averaged 66%. This 
was significantly less than the 87% conception rate in the moderate 
continuous treatment and the 92% in the Merrill rotation. The 
reason for the reduced rate of conception in the heavy continuous 
treatment was related to a heavy infestation of annual broomweed 
(Xunrhocephalum spp.) during the summer of 1968. Presumably, 
this effect was two-fold. First, the broomweed canopy reduced 
forage production during the growing season. Then the canopy of 
standing dead broomweed impeded livestock grazing during the 
fall, winter and spring following the heavy infestation (Kothmann 
and Rittenhouse 1980). 

The year by supplement interaction was also in part related to 
the 1970 results. Conception rates during the spring of 1969 in the 
nonsupplemented herds were SO%, 82%, and 88% in the heavy 
continuous, moderate continuous, and Merrill rotation treat- 
ments, respectively. Winter supplementation increased conception 
rates to 83Ye, 95%, and 100% for these same treatments. Thus, an 
obvious interaction existed between the effects of grazing treat- 
ment and winter supplementation during the heavy infestation of 
broomweed. 

In addition to 1970, significant differences did occur between 
rates of conception in supplemented and nonsupplemented herd in 
1965 and 1968. In 1965, rate of conception in the supplemented 
herds averaged 95% as compared to 84% in the nonsupplemented 
herds. In 1968, the supplemented herds averaged 92% and the 
nonsupplemented 100%. No biological significance could be 
attributed to the effect of winter supplementation on rate of con- 
ception in either of these 2 years. 

Weaned Calf Crop 
Percentage of cows weaning calves varied significantly between 

years (Table 5) but not between treatments regardless of supple- 
ment (Table 6) or between supplemented and nonsupplemented 
herds regardless of treatment (Table 2). Because of the relationship 
between conception rates and calf crop, the interaction effects were 
closely related to the effects observed in the rate of conception 
analyses. However, a major difference between the conception rate 
and calf crop weaned analyses did occur in that the treatment by 
supplement interaction effect was significant in the calf crop 
weaned analyses (Table 2). Although there were no significant 
differences between supplemented or nonsupplemented herds 
when averaged across treatments, supplementation in the heavy 
continuous treatment did significantly increase percentage of cows 
weaning a calf (Table 8). 

To evaluate possible differences in calf losses resulting from 
abortion, death, or possibly an incorrect pregnancy test, an analy- 
sis of variance was run on differences between percentage of cows 
bred and percentage of cows weaning calves. All main effects and 
interactions were nonsignificant (Table 2), indicating that grazing 
treatment had no statistically significant effect on calf survival. 
Thus, it was apparent that the significant treatment by supplement 
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Table 8. Average percent of supplemented and nonsupplemented cows Table 9. Mean production/ha (kg) for winter supplemented and nonsup- 
weaning calves from three grazing treatments at Texas Experimental plemented grazing treatments at Texas Experimental Ranch from 1961 
Ranch from 1961 through 1978. Crazing treatments were heavy con- through 1978. Crazing treatments were heavy continuous (HC), mod- 
tinuous (HC), moderate continuous (MC), and Merrill rotation (MR). erate continuous (MC), and Merrill rotation (MR). 

Supplemented 

NO 
YES 

HC 

86.0&I’ 
90.8b 

Treatment 

MC 

87.4 
90.5.b 

MR 

88.8a 
92.7.b 

Supplemented HC 

Treatment 

MC MR 

NO 
YES 

34. I.’ 
37.Q 

25.3b 
25.h, 

27.k 
28.0, 

1 Means within same row or column followed by same letter are not significantly di- 
ferent a1 p<o.os. 

interaction effect on calf crop weaned was a cumulative effect of 
conception rate and calf survival. 

Production 
Production/cow varied significantly between years and treat- 

ments with a significant year by treatment interaction (Table 2). A 
large portion of the year effect was attributed to differences in calf 
weaning weights which resulted from differences in age of calf at 
weaning (Table 5). Treatment means reflected basic effects (Table 
6) but the year by treatment interaction indicated some variation 
among years in treatment response. In only 4 years were the 
differences between treatment means significant. In each of these 
years, greatest production/cow was recorded in the Merrill rota- 
tion treatment while in 3 of these years, lowest production/cow 
was in the heavy continuous treatment. Over the entire IS years, 
greatest production/cow occurred in the Merrill rotation treat- 
ment in IO years, while in 4 years greatest production/cow 
occurred in the moderate continuous treatment. 

Production/ ha varied significantly among years (Table 5) and 
treatments (Table 6) with a significant year by treatment interac- 
tion (Table 2). The year by treatment interaction was primarily the 
result of variations in the magnitude of difference between treat- 
ment means within any given year. For example, production/ ha in 
the heavy continuous treatment was significantly greater than in 
the moderate continuous treatment I3 out of the 15 years with a 
nonsignificant difference in 1970 and 1978. The nonsignificant 
difference in 1970 was directly related to the annual broomweed 
infestation of 1968, which significantly reduced the calf crop 
weaned in the heavy continuous treatment. Differences in 1978 
were not significant because calves were lighter in all treatments 
than in previous years (Table 5). Thus, differences between treat- 
ments in production/ ha were necessarily smaller than in previous 
years. 

The significant year by supplement interaction resulted primar- 
ily from annual variations in the magnitude of differences in pro- 
duction/ ha between supplemented and nonsupplemented herds. 
Mean separation indicated no significant differences between sup- 
plemented and nonsupplemented herds in any yearexcept 1970. In 
1970, production/ha in the supplemented herds averaged 30.5 kg 
while averaging 21.9 kg in the nonsupplemented herds. These 
differences were primarily related to differences in calf crop 
weaned. 

The treatment by supplement interaction indicated that supple- 
mentation significantly increased production/ ha in the heavy con- 
tinuous treatment (Table 9) while no effect was noted in the 
moderate continuous and Merrill rotation treatments. These data 
are related to the interaction effect of treatment and supplement on 
weaned calf crop (Table 8). 

Discussion and Conclusion 
The quantitative effects of increasing rates of stocking on live- 

stock production have been well documented (Vallentine 1978). As 
rate of stocking is increased, production/animal unit slowly 
declines and production/unit area of land increases until rate of 
stocking exceeds carrying capacity. At that point, production- 
/animal unit rapidly declines with a subsequent decline in 
production/unit area. Basically, the data from the heavily and 

‘Means within same row or column followed by same letter are not significanlly dif- 
ferent a1 KO.05. 

moderately stocked continuous treatments in this study support 
this generalization with regards to the effect of stocking rate on 
livestock production. Since 1961, the heavier rate of stocking has 
evidently been near that required to maximize livestock producti- 
on/ ha and net economic returns/ ha (Whitson et al. 1982). But this 
basic conclusion is based entirely upon longterm averages. Close 
examination of annual variation in net incomes suggests that 
income stability in the heavy continuous treatment has declined 
since 1961 and that the need for winter supplementation has 
become increasingly important to reduce income variability and 
economic risk (Whitson et al. 1982). 

The primary reason for the reduced stability of livestock produc- 
tion and thus income can be related to the changes that have 
occurred in species composition on the vegetation at the heavier 
rate of stocking. The classic ecological shift is composition from 
midgrass dominants to shortgrasses has occurred in these pastures 
(Kothmann et al. 1978). This shift in species composition has 
reduced forage production and prevented the accumulation of 
sufficient forage reserves to sustain the cattle during adverse peri- 
ods of growth such as 1975. The probability of an economic 
disaster will continue to increase as these longterm effects of heavy 
stocking rates become more apparent on the forage resource. 

Similarly, the interaction effects of treatment and supplement 
can also be related to changes in species composition. The shift in 
composition from midgrasses to shortgrasses has reduced the 
abundance of Texas wintergrass in the heavy continuous pastures 
(Kothmann et al. 1978). Because of the high nutritional value of 
Texas wintergrass during winters, livestock response to winter 
supplement was directly related to the abundance of Texas winter- 
grass in any given treatment pasture. The presence of Texas winter- 
grass reduced the need for winter supplement in the moderately 
stocked pastures except during extended periods of winter 
drought, abundant snow fall or heavy infestations of annual 
broomweed. 

The effects of the Merrill rotation system on livestock produc- 
tion are not as easily identified as the effects of rate of stocking 
because of differences between treatment pastures in potential 
forage production resulting from differences in range site composi- 
tion. It is impossible to emphatically conclude that the heavier calf 
weaning weights and greater production/cow were strictly grazing 
treatment effects. However, we personally believe that a major 
portion of these treatment differences were directly attributable to 
the Merrill rotation grazing system and not to differences in poten- 
tial forage production among pastures. Since 1960 a gradual 
improvement in range condition in these four pastures has been 
apparent with a shift in species composition on the Clay Loam 
range site towards the midgrass dominants of sideoats grama and 
Texas wintergrass (Kothmann et al. 1978). The ultimate effect of 
this range improvement has been to stabilize annual income and 
decrease economic risk (Whitson et al. 1982). We expect the aver- 
age differences in livestock production observed between grazing 
treatments from 1961 through 1978 ,to remain relatively constant 
over the next 20 years, assuming no severedrought isencountered. 
However, we expect the variation in production among years to 
increase in the heavy continuous treatment and to decrease in the 
moderately stocked treatments, particularly in the Merrill rotation 
treatment. We forward this basic hypothesis because we believe 
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that the duration of these trials has been of sufficient length of time 
that an equilibrium has been established between the forage 
resource and each grazing treatment. 

Considerable controversy exists as to the utility of various graz- 
ing systems as management tools for improving livestock produc- 
tion (Driscoll 1967, Heady 1969, Launchbaugh et al. 1978, 
Gammon 1978, Pieper et al. 1978). Gammon (1978) concluded 
from a thorough review of past research that “there is sufficient 
evidence from experiments of long duration to indicate that pas- 
ture deteriortion can usually be expected under continuous graz- 
ing, even at moderate stocking rates, and that stability can be 
facilitated by a variety of rotational systems.” We suggest that the 
livestock performance data from this study, coupled with the 
economic analyses (Whitson et al. 1982) and the trends in vegeta- 
tion response (Kothmann et al. 1978) support this generalization. 
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