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In preparation for a processing campaign, a fairly precise esti
mate of the tonnage of beets to be harvested and the sugar to be pro
cessed is highly important to the management of a sugar beet company. 

Previous to 1941, harvest estimates for the Great Western Sugar 
Company were based on samples chosen by the fieldmen in each fac
tory district from a few farms without any prescribed plan being used. 
For the 1941 season a plan based on random sampling technique was 
designed and initiated, with results indicating considerable improve
ment in precision over previous methods. (1)2 

The general method as based on random sampling technique has 
been continued to date with a few changes as to details. Complete 
results for the years 1941 to 1944 are included in this study. 

Methods Used 

Contracts smaller than 5 acres were not eligible for sampling be
cause the contracts of such size were few in number and their total 
constituted a very small par t of the gross acreage. The total acreage 
included in the contracts from 0-5 acres amounted to 1.3 percent of 
the total as an average of four factory districts taken more or less at 
random. All contracts of 5 acres or over were numbered and those 
to be sampled chosen by lottery. In 1941 all contracts with previous 
yield records of 3 consecutive years were stratified into five yield 
classes, a similar number of contracts being chosen from each class. 
Because a possible bias was recognized in the 1941 method due to the 
exclusion of certain contracts not having previous consecutive yield 
records of 3 years, a geographic method of stratification and samp
ling by fieldman districts was used in 1942 and 1943 and by dump 
districts in 1944. 

In 1941 two samples were taken from the same field for each 
100 acres, the basis being changed to one sample per each 90 acres 
since 1941. 

The number of contracts sampled for each factory for each year 
is shown in table 1. 

1Director and Statistician-Agronomist, respectively, Experiment Station, Great 
Western Sugar Company, Lougmont, Colorado. 

2Italie numbers in parentheses refer to literature cited. 
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Table 1.—Number of contracts sampled. 

The sampling unit which consisted of exactly 10 feet of row re
mained the same throughout the 4 years, the location being chosen on 
an arbitrary pre-arranged basis so that the fieldman had no choice in 
taking the sample. In case the contract selected for sampling included 
more than one field, the larger field was sampled, in 1911 two sam
ples of 10 feet of row were taken for each field chosen for each of two 
dates of sampling, from which the error per sample was determined. 
After 1941 only one sample was taken from each field. To determine 
the location of the sample, the fieldman was directed to enter the 
field at the "neares t co rne r" and count over a specified number of 
paces to the beginning of the sample. If the beginning or the end of 
any sample centered on a beet, the decision as to whether or not it would 
be included in the sample was made by flipping a coin. All beets over 
1 inch in diameter were topped according to tare standards, placed 
immediately in water-proofed bags, and later washed, counted, weighed, 
and tested for sugar. 

For the second date of sampling, which was 2 weeks after the first, 
the sample location was 10 feet beyond the first in the same row. 
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Harvest stand figures were obtained from tare samples taken at 
frequent intervals for each contract, the average weight per beet for 
these samples and the total tonnage for the contract being used for 
this calculation. 

Results 

Prom the 1941 data (1) for 16 factory districts an increase in pre
cision of 14 percent in tonnage of roots was obtained with 2 samples 
per field as compared with 1 sample. On the basis of one sample per 
field the number of acres per sample to secure various levels of ac
curacy per factory district was as follows: 

A ± 1 . 5 tons level of accuracy per factory, requiring 80 acres 
per sample, would have resulted in an approximate accuracy for an 
average of 20 operating Great Western factories of 1.5÷ 20 or about 
+ 0.34 tons of roots per acre. 

The relative precision of stratification for 1941, 1942, and 1944, 
representing respectively the three methods used, viz., by previous 
3-year yield records, fieldman districts and dump districts, is summar
ized for yield of beets with corresponding number of strata for the 
various factory districts in table 2. 

The precision for 1948 was not determined, since it represents the 
same form of stratification used in 1942. For complete data and the 
statistical method used 1o test precision, see reference 1. The variance 
for percentage of sugar was not calculated, since this character is con
siderably less variable than yield of roots. 

The precision due to stratification (table 2) was calculated in 
percentage of complete randomization considered as 100. There is a 
certain amount of bias in these precision figures since the samples as 
taken, with the limitations imposed due to stratification, were used to 
calculate the error without stratification. The same total error of 
sampling has been assumed for both cases. The bias in making this 
assumption is probably too small to be of any practical significance. 

There is also an additional bias for the method as used in 1941, 
since not all farms were eligible to be included in the lottery, which 
excluded all contracts (all new beet growing farms and those which 
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Table 2—Relative precision of stratification in percentage of complete randomiza
tion and number of strata. 

1Stratified according to previous yield records 
2Stratified according to fieldman districts 
3Stratified according to dump districts 
4Averages for only those factories represented 3 years 
51942-1944 average 

may have been temporarily out of beet production), without a con
secutive 3-year previous record. The precision based on stratification 
by the previous 3-year yield record amounted to 112.23 percent as 
an average for 10 factories in 1941, while the precisions using the 
geographic methods of stratification for 1942 and 1944 were 103.20 
percent and 104.17 percent, respectively, as averages for the same 
16 factories. The increase in precision due to stratification for the 
1941 results is somewhat higher than for either 1942 or 1943. The 
geographic distribution of the samples, however, was not as complete 
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in 1941 as for either of the other 2 years and, for this reason, it is 
entirely possible that the pre-harvest estimates for the later years 
constitute more accurate indices of the true yield situation. 

It will be observed from the number of strata used in 1944 that 
many units ( ' ' d u m p s " ) were involved in the stratification, in which 
case some strata were represented by only one or two samples, par
ticularly for several factories in Colorado. Precision was lost for 
several such factories by this geographic restriction as compared with 
complete random sampling, the method being somewhat less efficient 
for those factories than either of the other stratification methods. For 
the factories in Nebraska, however, geographic stratification by dump 
districts in 1944 appeared to be somewhat more efficient than by 
fieldman districts as in 1942, being equal to the method used in 1941. 

The results for percentage of stand, yield of beets, and percentage 
of sugar are presented for the 4 years 1941-44 in tables 3, 4, and 5, 
and also are summarized for Colorado, Nebraska, and Great Western 
averages in table 6. The results for yield of roots and percentage of 
sugar are graphically presented in figures 1 and 2, respectively. 

In stand (table 3) a slight loss is indicated in most cases for the 
2-weeks period between samplings. This condition seems to be too 
consistent to be due to random error, but there seems to be no reason-

Figure 1.—Sanple estimates and final results for tons beets per acre for farms 
sampled. 
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Figure 2.—Sample estimaates of final results for percentage sugar for farms sampled. 

able explanation for a loss of even this magnitude. The loss between 
pre-harvest samples and harvested stand for the contract is consider
able and may be at least largely accounted for by (1) beets left in the 
field or dropped from trucks in delivery, (2) small beets returned 
at the piler in the 1are, (3) some loss from root rots, (4) weak stands 
at the ends of the rows which were not included in the sampling, and 
(5) some breakage at the piler with the net result that broken pieces 
in the tare sample may not have been counted. 



Table 3.—Percentage of stand as obtained from pre-harvest samples (1st and 2nd) and tare samples for contracts sampled in comparison with fac
tory harvest averages. 

1Averages weighted according to number of farms sampled in each factory. 



1 Avernges weighted according to number of farms sampled in each factory district. 

Table 4.—Yield of beets in tons per acre as obtained from pre-harvest samples (1st and 2nd) and contract deliveries in comparison with factory 
harvest averages. 



Table 5.—Percentage of sugar as obtained from pre-harvest samples (1st and 2nd) and tare samples for contracts sampled in comparison with 
factory harvest averages. 

1Individual tests not made 
2Cossette average 
3Sugar analyses not made 
4Averages weighted according to number of farms sampled in each factory district. 



Table 6.—Four years' summary for percentage of stand, yield in tons beets per acre, and percentage of sugar as obtained from pre-harvest sam
ples and factory deliveries. 

* Grower's tare samples not analyzed for sugar content in Montana and Wyoming, and pre-harvest samples not tested for sugar content in 
Wyoming in 1943 and 1944. 
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In yield of beets (table 4) there was an increase for all factories 
between the two dates of sampling which, for a " company average" , 
amounted to 1.94, 2.26, 1.63, and 2.26 tons per acre, respectively, for 
the 4 years 1941 to 1944. Wi th this large increase for the 2-weeks 
period between samplings it is obvious that the growth curve was still 
on the increase to place the final potential yield at an even higher 
figure than that shown by the second sampling date. The final har
vested yield for the contracts sampled, however, showed a consistent 
and material drop from the second sampling date of 10.58 percent as 
an average for all factories for the 4 years. Considering the growth 
which took place after the second sampling, it is quite probable that 
this loss in potential harvested tonnage would have amounted to as 
much as 15 percent. 

Some of this loss in weight of roots delivered as compared with 
known potential tonnage in the field may be at t r ibuted to the same 
sources as mentioned for stand. Another source of material loss in 
harvested tonnage results from desiccation, a condition which did not 
exist in connection with the pre-harvesl samples since they were placed 
immediately into water-proofed bags. This is not very important from 
the practical standpoint, however, since any such loss in weight repre
sents merely a loss in water and is therefore compensated by a corre
sponding increase in percentage of sugar. One more source of loss in 
yield is quite important , viz., topping loo deep into the root at harvest. 
The importance of this can be appreciated from the fact that a cross-
section slice of the root 1/4 inch thick taken immediately below the 
lowest leaf scar amounts to about 10 percent of the total root weight. 
The pre-harves1 samples were topped carefully and properly. Care
less topping at harvest often results in considerable marketable root 
material being left in the fields, 1 his source of error having entered 
into the harvest yields. Accurate machine harvesting may result in 
real savings to the grower in this respect. 

For both percentage of stand and yield, the " fac tory a v e r a g e " 
for all contracts appears to run very slightly but rather consistently 
above the comparable " h a r v e s t e d " figures for all contracts sampled 
for 1942, '43, and '44. This is in contrast with the results obtained in 
1941 when the harvested results for the farms sampled were nearly 
identical with the factory averages (table 6) . In an a t tempt to find 
some explanation for this difference, a study of yields as related to size 
of contract was made. This study indicates tha t contracts of over 40 
acres average slightly higher in yield than those of from 5 to 40 acres. 
In four factory districts contracts of over 40 acres were found to repre
sent about 33 percent of the total acreage. These larger acreages were 
more likely to have been chosen in 1941, when they were classified 
into yield s t rata . where each class was represented by the same num-
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ber of samples before the lottery, than in the years 1942-1944 when 
each contract had an equal chance to be chosen regardless of size or 
previous production record. This source of bias in the geographic 
method used in 1942 and 1943, or in 1944, could probably have been en
tirely eliminated by allotting the larger contracts additional chances 
in the lottery. 

It does not appear to be possible for the contracts of 5 acres or 
less to influence the bias materially since the analysis of the above 
mentioned four-factory contracts indicates only 1.3 percent of the 
acreage to be in this class. 

For percentage of sugar (table 5) the tare-sample averages for 
the farms sampled duplicated the factory average in 3 years out of 
4 for a mean of all factories in Colorado and Nebraska and differed 
by 0.1 percent for the fourth year. 

Summary and Conclusions 

1. This study of random sampling of sugar beet acreage to pro
vide a basis for harvest predictions covered a period of 4 years through
out the area served by the Great Western Sugar Company. Contracts 
were chosen on the basis of one per 100 acres in 1941 and one per 90 
acres in 1942 to 1944. Two samples per contract were taken in 1941 
and one per contract in later years. 

2. The contracts chosen for sampling proved to be almost perfect 
samples of the entire acreage for percentage of sugar. For both stand 
and yield, however, the contracts chosen for 1942, '43, and '44 were 
very slightly but consistently lower than the general acreage. The 
larger contracts average slightly higher in yield than the entire acreage, 
which would account for the bias with respect to yield. 

3. The studies reveal considerable loss in both number and weight 
of beets between the field and the factory. The source and importance 
of these losses is discussed. 

4. The method of sampling as developed and used in connection 
with these studies appears to provide a ra ther accurate picture of the 
status of the sugar beet crop at the time of the two pre-harvest samp
lings. The prediction of final production must remain always a 
matter of personal judgment, conditioned, however, by accurate pre-
harvest estimates and an intimate knowledge of growing conditions 
throughout the area served by the Company. 

5. Three pre-harvest samples spaced 2 weeks apar t , with the 
last sample being taken as near the beginning of the commercial liar-
vest as possible, would provide an improved picture of the growth 
curve for the year and, without doubt, an improved estimate of final 
performance. 
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6. It is also suggested tha t the larger contracts be represented by 
more chances in the lottery, possibly on a basis as follows : 

5— 20 acres 1 chance 
2 1 — 50 acres 2 chances 
51—100 acres 3 chances 

Over—100 acres .......4 chances 

7. A geographical stratification into sampling areas based on 
known fertil i ty or productive levels might constitute some improve
ment over the fieldman district or dump district methods. This could 
be done by careful and intelligent mapping of the factory district. 
Such sampling areas should be large enough to include not less than 
eight samples taken on the sampling basis used for this study. 
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