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Accurate pre-harvest estimates of the tonnage and sugar content of the 
sugar beet crop are highly important to the management of a beet-sugar 
company. 

A scheme was devised and used in 1941 whereby pre-harvest samples 
selected at random were taken in an attempt to provide accurate pre-harvest 
estimates for both tonnage and sugar content. Results for this one year-
indicated considerable improvement in precision over previous methods used. 
This scheme, with slight changes, has been used continuously since that time. 
The method used in 19443 and later years was similar in most respects to 
the original scheme except for a geographic stratification of each factory 
district into receiving-station districts. 

The scheme was intended to provide a considerable degree of accuracy 
for each factory acreage as a unit. 

Results for 1941-49 
Results are presented here only for the Colorado and Nebraska dis-

tricts, since records are not complete for other districts for all 9 years during 
which this method has been used. 

The final yields in tons of beets per acre and sugar percentage for the 
contracts sampled compared with final district averages for Colorado and 
Nebraska, 1941-49, are presented in Table 1. Also included is the range of 
differences obtained for the same comparison at each of the factories in-
cluded in each district, the number of factories being included in the table. 

The average percentage of sugar for the contracts sampled agrees very 
closely with the district averages. However, the district averages for tons 
of beets per acre are slighly but consistently above the yields obtained for 
the contracts sampled, although both plus and minus fluctuations have re-
sulted for individual factory averages. The largest difference of +1.09 tons 
(one Nebraska factory, 1946) is not so large as the error of ±1.58 tons, 
which was obtained at the 5% level of significance for the 1941 data. 

1 Statistician-Agronomist and Director, respectively, Agricultural Experiment Station, The 
Great Western Sugar Company, Longmont, Colorado. Credit is extended to Mr. E. Ward of 
the statistical department for cooperation in procurement of data. 2 Brewbaker, H. E., and Bush, H. L. Pre-harvest estimate of yield and sugar percentage 
based on random sampling technique. Proc. Amer. Soc. Sug. Beet Tech., 184-196, 1942. 3 Brewbaker, H. E., and Bush, H. L. Four years' results of pre-harvest sampling in 
estimating yield and sugar percentage. Proc. Amer. Soc. Sug. Beet. Tech., 141-153, 1946. 



TABLE 1. Final yield in tons beets per acre and percentage of sugar as averages for contracts sampled compared with final harvested averages for the 
Colorado and Nebraska Districts, 1941-49. 

Note: All averages have been weighted in accordance with the number of contracts sampled in each factory district. 
(a 12 factories 
(b 3 factories, 1941 

6 factories, 1942-47 
5 factories, 1948-49 

(c Range of maximum differences between district averages and final contract yields as obtained from individual factory averages. 
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The arithmetical averages for both tons of beets per acre and percentage 
of sugar (Table 1) for the contracts sampled do not take into account the 
varying acreages involved in each contract. It is probable that the average 
tonnage obtained by weighting the yield for each contract by its appro-
priate acreage would tend to correct for the discrepancy between averages 
for contracts sampled and district averages. However, since no consideration 
of this point has been made in the past, data are not readily available except 
for one factory district (Loveland, Colorado) in 1949, which are suggestive 
of the possibilities for improving predictions by this method of calculations. 
These results are as follows: 

Arithmetical Average.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16.87 tons per acre 
Weighted Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17.45 tons per acre 
Final Factory Average... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17.51 tons per acre 
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Other suggestions were made3 as possibilities for overcoming this bias. 
However, the information as now obtained has proved to be sufficiently accu-
rate as a basis for making predictions to satisfy practical requirements. 

The average indicated tonnage for each of the sampling dates, the first 
about September 1 and the second two weeks later, along with the average 
tonnage for the contracts sampled, are presented in Figure 1. 

T A B L E 2. Pe r cen t age increases or decreases for yield of roots , c o m p a r i n g s a m p l i n g 
es t imates w i th final yields of t h e cont rac ts sampled . 

Year 

1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
Mean 

Colo rado 
Increase 

1st to 2nd 
S a m p l i n g 

12.74 
17.68 
13.28 
17.43 
16.87 
14.27 
16.56 
23.10 
17.88 
16.65 

1st S a m p . 
to Harves t 

3.43 
.86 

— 1.49 
5 4 1 
3.36 

0 
9.14 

10.94 
10.88 
4.73 

Loss 
2nd S a m p . 
to Harves t 

8.26 
14.30 
13.04 
10.23 
11.56 
12.49 
6.36 
9.87 
7.70 

10.42 

Nebraska 
Increase 

1st to 2nd 
S a m p l i n g 

20.73 
25.92 
12.36 
25.89 
20.26 
22.95 
19.75 
25.40 
15.79 
21.01 

1st S a m p . 
to Harves t 

14.27 
14.00 

7.64 
18.79 
8.81 

14.65 
24.82 
19.84 
6.95 

14.42 

Loss 
2 n d S a m p . 
to Harves t 

5.36 
9.47 
4.19 
5.64 
9.52 
6.75 

+ 4.23 
4.44 
7.64 
5.42 

As indicated in Figure 1 and presented as percentage increments in 
Table 2, there has been considerably more growth of beets after September 1 
in Nebraska than in Colorado, the increases expressed in nine-year averages 
from first to second sampling dates being 16.65 and 21.01 percent for Colo-
rado and Nebraska, respectively, with increases of 4.73 and 14.42 percent 
from first sampling to final harvest for the same respective comparison. 

There are indicated losses of 10.42 percent and 5.42 percent (Table 2) 
for Colorado and Nebraska, respectively, comparing the harvested final yield 
with that indicated at the time of second sampling. This drop is quite con-
sistent, with the exception of 1947 in Nebraska, when there was an indicated 
gain of 4.23 percent in yield of beets for the same comparison. Also, as 
previously indicated,3 this does not represent the entire loss, since there is 
continued development on some, if not all, fields after the second sampling. 
The source of these losses was discussed in that paper. 

These percentage figures may be used, either individually or in com
bination, to predict yields for any year. The accuracy of the predictions 
will, of course, increase as yearly results are accumulated and must be ac
companied by a careful consideration of the local conditions affecting the 
growth of the crop. 

The percentage of sugar has also shown a consistently more rapid in
crease in Nebraska than in Colorado after September 1 as indicated in 
Figure 2, the results being presented in terms of percentage increase incre
ments in Table 3. 
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TABLE 3. Percentage of sugar expressed in terms of percentage increase between 
sampling dates and final results for contracts sampled. 

The increases, based on a nine-year average, from first to second sampling 
are 10.52 and 14.85 percent for Colorado and Nebraska, respectively, while 
the increases from first sampling to harvest are 26.45 and 33.13 percent for 
the same respective comparisons. The increases from second sampling to 
harvest are more nearly alike in the two states, being respectively 14.00 and 
15.85 percent. These average increase values may be used in predicting 
sugar percentage in a manner similar to that used in predicting beet tonnage. 

As an indication of the expected accuracy of future predictions, theoret
ical estimates based on the sampling results for the past 9 years, and using 

TABLE 4. Harvested average tons beets per acre compared with managers' estimates 
and yields estimated by pre-harvest samples. 

Note: All averages were weighted on the basis of the number of contracts sampled in 
each factory district. 

(a Tonnage indicated by first, sampling increased by 4.73 and 14.42 percent for Colorado 
and Nebraska, respectively. 

(b Tonnage indicated by second sampling decreased by 10.42 and 5.42 percent for Colo-
rado and Nebraska, respectively. 
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the mean nine-year increase in tonnage of 4.73 percent from first sampling 
to harvest and the decrease of 10.42 per cent (Table 2) from the second 
sampling to harvest for Colorado, and 14.42 and 5.42 percent for the same 
respective comparisons in Nebraska, are presented in Table 4 along with 
factory managers' estimates based on the general appearance of the beet 
crop as made on August 31, a few days before the first pre-harvest samples 
were taken. 

In general, the estimates, based on either the first or second sampling, 
resulted in estimated tonnages which more nearly approached actual yields 
than did the managers' estimates. The differences between estimated yields, 
calculated from pre-harvest samples, and tonnage actually harvested range 
from —.51 to +.82 tons per acre for the first sampling date and from —.28 
to +.78 tons per acre for the second sampling date, and the range in 
differences between the managers' estimates and the final yields is —1.85 to 
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+ 1.81 tons p e r acre for Colorado. Similarly, differences for Nebraska are 
—.85 to +1.11 a n d —.41 to +1.22 tons pe r acre for the two respective 
samplings a n d —2.21 to +2 .22 tons pe r acre for managers ' estimates. 

It is likewise possible to predic t final sugar con ten t in this same m a n n e r 
with greater accuracy than was possible by previous methods . 

Summary and Conclusions 

1. A scheme for random sampling the sugar beet acreage to aid in 
making predictions as to the expected yield and sugar content is discussed, 
using data resulting from 9 years' experience in the Colorado and Nebraska 
districts of The Great Western Sugar Company. 

2. The fields sampled were found to yield, as an average for all factories 
within a district, slightly below the district average in tons of beets per 
acre, but the sugar content was essentially the same for both contracts 
sampled and district averages. Results are presented which indicate that a 
weighted average for the yields of the contracts sampled, based on the acre-
age in each contract, might have resultd in a closer agreement with district 
averages than do the results for tons of beets per acre based on arithmetical 
averages of all contracts sampled without regard for size of field. 

3. There is considerably more increase in both size of beets and sugar 
content after the first sampling (September 1) in Nebraska than in Colo-
rado. A loss in tonnage harvested from tonnage indicated at the second 
sampling is shown for both the Colorado and Nebraska districts, this loss 
being lower in Nebraska than in Colorado. 

4. Theoretical estimates of the yield in tons per acre based on the 
nine-year results are presented in comparison with factory manager's estimates 
for each year. The estimated yields from pre-harvest samples agree more 
closely with actual tonnages, as harvested, than do the managers' estimates. 


