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What's Limiting: Quality or 
Quantity?
Can cattle standing in belly-deep grass actually be hungry?

By Robert K. Lyons and Richard V. Machen

Range cattle performance depends on both forage 
quality and forage quantity. A simple, effective 
set of tools is available to cattlemen to help detect 
whether forage quality or quantity are limiting 

performance. 
Nutritional computer models have been developed to 

estimate beef cattle performance. Fox1 suggested that these 
models require 1) adequate information and 2) user under-
standing to adjust models to ranch levels. In other words, 
models can be calibrated to a ranch. 

On rangelands, forage intake information is diffi cult to 
obtain. Estimating total forage standing crop is possible. 

However, predicting how much of the available forage gra-
zing animals will consume is diffi cult. Studies report 80% 
of grazed diets coming from 1% of the standing crop in 
Australia2 to 6% of the standing crop in Oregon3 and 85% 
from 2 grasses during 3 seasons in Texas.4 In South Africa5 
least-preferred species were grazed only when 80% to 100% 
of preferred and intermediate grasses were defoliated. 

Animal performance can be used to estimate forage 
intake on a group or pasture basis6 and with grazing, lacta-
ting dairy cattle.7 This project investigated the use of tools 
to 1) improve computer model performance estimates and 
2) separate forage quality from forage quantity problems. 

What We Did 
How Good is the Forage? 
This project involved 6 cow–calf herds on 5 ranches in 5 
Texas counties from 1997 to 2004. Each ranch was initially 
scheduled for a 2-year study. One ranch participated for 
1 year, 3 for 2 years, and 1 ranch with 2 herds for 3 years. 

Forage diet quality was estimated from near infrared 
refl ectance spectroscopy (NIRS) analysis of composite fecal 
samples taken each month of the study on each ranch. A 
composite fecal sample consisted of subsamples from about 
10 different cows. Ranch personnel selected a specifi c day 
of the month that was convenient to condition-score cows 
(using the 1–9 system) and collected fecal samples. All 
subsequent samples were taken within 5 days of this day of 
the month. In all but one herd, cows were condition scored 
by ranch personnel. In this herd, cows were condition 
scored by extension personnel. Samples were analyzed at the 
Grazing Animal Nutrition Lab at Texas A&M University Grazing cattle need both adequate forage quality and forage quantity.

Downloaded From: https://bioone.org/journals/Rangelands on 05 Mar 2020
Terms of Use: https://bioone.org/terms-of-use	Access provided by University of Arizona



December 2007December 2007 55

to estimate crude protein and digestible organic matter con-
tent of forage consumed by cows.8

Characterizing Cows for the Computer Model
Herd information including cow production stage (gestation 
day, lactation day), breed, age, and calf weaning weight 
and age was collected for use in the computer program. 
Environmental conditions including current and previous 
30-day maximum and minimum daily temperatures and 
relative humidity levels were estimated. Herd and environ-
mental information and diet quality estimates were entered 
in the NutBal-PRO computer program9 to estimate cow 
performance for the next 30 days. In this project, maximum 
temperatures were never set above 29°C (85°F) based on  
National Research Council10 recommendations and previous 
experience with the computer program. Tempera tures above 
this level tended to overestimate condition score loss. 

How Much Do They Eat?
Each month, computer body-condition score (BCS) 
estimates using unadjusted (expected) forage intake were 
compared to observed condition scores. If the computer 
program overestimated BCS gain and all other information 
appeared correct, the computer program was rerun reducing 
forage intake until computer-estimated and observed BCS 
matched as closely as possible. The adjusted forage intake 
level required to match observed BCS was recorded as 
apparent forage intake.

Apparent forage intake was used in 2 ways to calibrate 
the computer program to the ranch to improve BCS esti-
mates. First, fi rst-year apparent forage intake values for each 
month were used to predict BCS in the same month during 
year 2. Second, apparent forage intake values were used to 
create a cumulative average apparent forage intake value for 
the past 30 days, which was calculated by averaging appa-
rent forage intake determined for all previous months. These 
cumulative average apparent forage intake values were 

Figure 1. Comparison of average computer-estimated and observed body 
condition scores (BCS) during year 1 and year 2 on 3 ranches in 4 herds.  
In year 1, computer-model expected forage intake was used to predict 
BCS. In year 2, computer estimates for each month were made using 
apparent forage intake values from corresponding months in year 1.

BCS-3 cow. All ribs and backbone are visible.

BCS-5 cow. Ribs and backbone are not visible and areas on each 
side of the tail head are fairly well fi lled.

BCS-7 cow. Shows abundant fat cover on either side of the tail 
head.

Body Condition Score (BCS)
Cow body condition was scored on a 1–9 scale 
(1 = extremely thin to 9 = extremely fat), illustrated here 
with photos of cows in condition scores 3, 5, and 7.
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used to determine the pounds of forage intake used in the 
computer program to estimate BCS for the next month. 

What We Learned 
Cattle Forage Diet Quality 
Average estimated crude protein of forage consumed across 
all ranches was 8.9%, whereas average estimated digesti bility 
was 60.4%. Estimated average nutritive value of consumed 
forage differed among ranches (P < 0.0001), with ranges of 
8%–11% and 59%–62% for crude protein and digestibility, 
respectively. 

Cow BCS Estimates Using Apparent Forage Intake 
Yearly average BCS estimates using expected forage intake 
values on 3 ranches and 4 herds were greater than observed 
BCS (Fig.  1). Using fi rst-year monthly apparent forage 
intake values to estimate BCS for the same month in year 
2, yearly average observed and estimated BCS were similar 
(Fig.  1). 

Although this approach improved BCS estimates, values 
that could be applied more immediately would be more 
useful. In addition, because of yearly variation in rainfall and 
forage production, using monthly forage intake estimates 
from one year to estimate forage intake during the same 
month in a future year might not be feasible. For example, 
in one instance in this project, a difference in apparent 
forag e intake of 15 pounds was observed for the same 
month in 2 successive years. 

Across all 5 ranches and 6 herds, BCS estimates based 
on cumulative average apparent forage intake (Fig.  2) were 
not different (P = 0.7757) from observed BCS. However, 
BCS estimates based on expected forage intake were greater 
than either observed BCS or estimates using cumulative 
average apparent intake values. 

BCS estimates using expected forage intake overesti-
mated observed BCS by 0.5 to 1.5 condition score 34% of 
the time compared to 9% for estimates based on cumulative 
average apparent forage intake. In other words, cows ate less 
than expected. 

Expected vs Apparent Forage Intake 
Average expected forage intake (Fig.  3) differed among 
ranches. Expected intake averaged 29 pounds per day and 
varied from 26 to 32 pounds. On a percentage of BCS-5 
body-weight basis, average expected intake across all ranche s 
was 2.6% and varied from 2.3% to 2.7% among ranches. 
Maximum and minimum expected forage intakes were 
3.5% and 1.5%, respectively. These differences were due to 
diffe rences in cow production levels, weather, and forage 
digestibility among ranches. 

These expected intake levels appear to be reasonable con-
sidering the traditional defi nition of an animal unit. Average 
annual dry-matter forage intake for an animal unit is 26 
pounds per day for a 1,000-pound cow, or 2.6% of body 
weight. Cattle are certainly capable of higher intake levels 
as demonstrated by a dairy cow that was documented to 
have consumed 7% dry matter intake on a body-weight 
basis.11 

However, overestimates of BCS using these expected 
values appear to indicate that these intake levels were gener-
ally not achieved among cows in the project herds. This 
observation is not surprising considering reports of 80% of 
grazed diets coming from 1% to 6% of the standing crop.2,3 
Therefore, forage quantity can be nutritionally limiting even 
if grass standing crop appears adequate. 

Apparent forage intake averaged 23 pounds per day and 
tended to differ (Fig.  3) among ranches with a range from 
19 to 24 pounds. As a percentage of body weight, these 
intake levels were equivalent to an average of 2.0% with a 
range of 1.7% to 2.1%. Maximum apparent intake was 3.1% 
of body weight and averaged 2.7% across ranches, which are 
close to average expected intake. Minimum apparent forage 
intake was 1.1% of body weight. 

Figure  2. Average observed body condition score (BCS) vs average 
computer-estimated BCS using expected forage intake and cumula-
tive average apparent forage intake across 5 ranches and 6 herds. 
Apparent intake was the level where computer-estimated BCS matched 
observed BCS. Cumulative intake was calculated as the average of all 
previous monthly apparent forage intake values. 

Figure 3. Average expected forage intake differed (P < 0.0001) among 
the 5 study ranches and 6 herds. Cumulative apparent forage intake 
tended (P = 0.1367) to differ among ranches. Apparent intake was the 
level where computer-estimated body condition score (BCS) matched 
observed BCS. Cumulative intake was calculated as the average of all 
previous monthly apparent forage intake values.
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These apparent forage intake values are similar to those 
reported in 2001 by Holechek et al12 where average dry-
matter intake for grazing cattle was about 2% of body weight 
with levels ranging from 1.2% to 2.8%. In Texas, Pinchak 
et al.13 reported forage intake values for cattle of 1.95% to 
2.45% across a year. 

Average expected intake across all ranches was greater 
than cumulative average apparent intake (Fig.  3). Eighty-
one percent of expected forage intake values were between 
25 and 35 pounds per day compared to 29% for apparent 
intake. No expected intake values were below 20 pounds per 
day, whereas 38% of apparent intake values were below this 
level. Average difference between expected and apparent 
forage intake was 7 pounds and varied from 5 to 13 pounds 
across ranches. 

On study ranches, differences between apparent and 
expected forage intake explained 44% of the variation in 
BCS change. Digestible organic matter estimates explained 
an additional 13% of variability for a total of 57% for the 2 
variables combined. Crude protein estimates did not explain 
any additional variation in BCS change. When apparent 
forage intake was 7.5 pounds or more below expected forage 
intake, BCS change tended to be negative. 

Implications
Regarding grazing cattle performance, forage availability 
and forage intake are as important as forage quality. In fact, 
forage quantity can be nutritionally limiting even if grass 
standing crop appears adequate. Cows in belly-deep grass 
can be hungry. 

The approach used in this project of combining 1) forage 
diet quality estimates from NIRS fecal analysis, 2) the 
NutBal PRO computer model to describe animal and 
environmental variables affecting performance, and 3) 
body-condition scoring to estimate apparent forage intake 
impro ved animal performance estimates. 

Using unadjusted forage intake estimates, the computer 
model overestimated cow BCS by more than 0.5 condition 
score about 34% of the time. However, using apparent 
intake calculated as a cumulative average, differences between 
computer-estimated and observed condition scores were less 
than 0.5 about 90% of the time. 

From a practical standpoint, it is diffi cult to visually 
estimate less than a 0.5 condition-score difference (40 to 
50 pounds of body weight). Therefore, using cumulative 
average forage intake provided adequate accuracy. 

This approach provides a practical way to get reasonable 
estimates of forage intake and calibrate forage intake to 
individual ranches. Therefore, this approach is a valuable 
tool for nutritional analyses to distinguish between forage 
quality and quantity as limiting nutritional factors.
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