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When sugar beets were hand thinned predominantly single-plant hills 
were left in the thinned stands. The basic spacings between those single-
plant hills might vary from grower to grower and different workers seldom 
attained exactly the same spacing. However, the spacing of the thinned 
stand usually approximated that desired by the grower and was reasonably 
uniform for any given field. Under these conditions any statement of the 
stand which included the basic spacing and the number of plants in a given 
length of row gave a reasonably accurate picture of the plant population of 
that field. 

The increasing use of machines for thinning the sugar beet crop has 
changed our concept of an acceptable thinned stand of sugar beets. Basic 
spacings are much less than with hand thinning and the individual hills 
may contain one, two, or several plants. Good yields have been obtained 
by growers from a rather wide range of plant populations. It is probable 
that very good to near maximum yields may result when plant populations 
are only sufficiently reduced to permit most plants to make relatively small, 
but marketable beets. It is also probable that equally good yields may occur 
from stands with many fewer plants so distributed that most of the space 
and available plant food will be used to produce, in that case, relatively 
large beets. 

When 2-plant and multiple-plant hills occur in the stand in appreci
able numbers, as is usually the case in machine-thinned stands of sugar beets, 
it appears obvious that the number of plants in a given length of row is 
an inadequate measure of the stand. The distance between hills in a 
machine-thinned stand may, and usually does, vary from very little to con
siderable, depending on how often a beet plant-containing hill is left in 
each of the small blocks between the successive strokes of the cutting knives 
of the machine. Thus, the row space that could be completely used by 
a single hill may contain more than one hill. The number of hills in a 
given row length of such a stand is, probably, a better measure of the popu
lation than the number of plants, but still falls short of being an accurate 
measure of the stand. 

It is the purpose of this paper to propose an estimate of the space 
actually occupied by the sugar beet plants present in a machine-thinned 
stand as a measure of the plant populations of such stands. 

Before such an estimate can be made it is necessary to make some as
sumptions on the use of space by sugar beet plants. Tolman, Johnson and 
Bigler (4)2 and Deming (2) have reported experiments which indicate 

1 Agronomist, Field Crops Research Branch, Agricultural Research Service, United States 
Department of Agriculture. Agronomic research with sugar beets at Fort Collins, Colo., is in 
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tha t the effect of row wid th on yield of sugar beets was essentially inde
p e n d e n t of the n u m b e r of p lan t s in the row. There fo re , the spacing be
tween rows may be safely ignored a n d the est imate of space occupied can 
be based on the d is t r ibu t ion of sugar beet p lan t s wi th in the row. Coons 
(1) has reviewed E u r o p e a n a n d Amer ican l i te ra ture r epo r t i ng the effect of 

space re la t ionships on the sugar beet crop. 

T h e r e is general agreement tha t when space is fully occupied it makes 
little difference how m a n y p lan t s are present , p rov ided each of them has 
sufficient room to p roduce a beet of marke tab le size. In general , the crops 
from thick stands have slightly h igher sucrose con ten t t han those from th in 
stands. T h i s tends to compensa te for small losses from beets of unmarke t 
able size when the u p p e r limits of p l an t popu la t i ons have no t been seriously 
exceeded. There fore , in ar r iv ing at an est imate of space occupied we may 
assume that the only l imit on the total n u m b e r of p l an t s in a given length 
of row is tha t most of them must have sufficient space to develop a roo t of 
marke tab le size. If more than this n u m b e r of p lan t s is p resent in an ap
preciable po r t i on of the field it is only evidence of a poor job of t h inn ing . 
Such a condi t ion is of in f requent occurrence and as growers gain exper ience 
in machine t h i n n i n g it will be even less likely to occur. 

I t remains to define the m a x i m u m space be tween hills in the row at 
which the beet p lan ts will p resumably fully use the p l an t food, mois ture and 
room at tha t location. Amer ican growers of sugar beets more or less agree 
that 12 inches between hills in the row is an o p t i m u m spacing. T h e r e is 
less genera l agreement on a permissible m a x i m u m spacing. T o l m a n (5) 
r epor ted tha t u n d e r some condi t ions yield could be m a i n t a i n e d as spacing 
in the row was increased to 15 inches be tween hills a n d tha t "Yields begin 
to decl ine as spacing wi thin the row is increased to 20 inches." Deming (3 ) , 
r epor t ing on exper iments a t For t Collins, Colorado, states tha t when ap
proximate ly full s tands were m a i n t a i n e d the differences in yield from 8, 
12- and 16-inch spacings in the row were negligible. Spacings used by sugar 
beet growers in the Colorado-Nebraska-Wyoming area have var ied appreci
ably and m a n y excel lent yields have been harvested from stands with row 
spacing in excess of the assumed o p t i m u m of 12 inches. 

On the basis of this evidence it is tentat ively assumed tha t sugar beet 
p lants will fully occupy the space wi th in the row when the m a x i m u m space 
between hills approx ima tes 16 inches. However , as a ma t t e r of convenience , 
in the actual measu remen t of spaces u n d e r t a k e n in 1953 and r epo r t ed in 
T a b l e 1 no "Lost space" was recorded unless the space be tween hills was 18 
inches or more . T h u s , all spaces be tween hills up to and inc lud ing 17.5 
inches were ignored in collecting the da ta . All spaces of 18 inches or more 
were noted , 16 inches subt rac ted a n d the r e m a i n d e r recorded as unoccup ied 
space. T h e total of inches of unoccup ied space in each p lo t was subt rac ted 
from the total inches of row for the p lo t to ob ta in the total inches of row 
occupied by beet p lan ts and from this value percent of occupied space was 
calculated. 

After t h i n n i n g the expe r imen ta l sugar beet p lots on the Agronomy 
Farm at For t Collins, Colorado, in 1953, the spaces be tween hills of the 
inside (for harvest) rows of two variety tests were measured a n d unoccup ied 
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space for all plots recorded. Counts of hills in the same plots were also 
made. From these records percentage of space occupied and hills per 100 
ieet of row were calculated as estimates of the thinned stands. These esti
mates of stand for the agronomic evaluation test of leaf spot and black 
root-resistant varieties were statistically analyzed by the analysis of variance 
for a Latin square. A summary of these data is given in Table 1. 

The plots in this 8 x 8 Latin square were 30 feet in length and 8 rows 
in width. The initial stands were good and fairly uniform. A moderately 
weedy condition extended across the field rows of the test at about "Row 4" 
of the summary table. The test was thinned by four laborers who worked 
one row at a time in pairs or singly on various portions of the experiment. 
No record was made of the rows worked by different individuals, though 
it was noted at the time that the spacings being used by the laborers varied 
from about 8-10 inches by two teenagers to approximately II inches by 
the two experienced older workers. The subsequent count of hills showed 
that full stands varied from about 31-33 hills to well over 40 hills per 30-foot 
plot row. It is known that the two teenagers worked more of the plots 
represented in "Columns 6-8" of the table than they did of the balance 
of the experiment. 

When hills per 100 feet of row were used as the estimate of stands in 
this test the F value for columns, rows and varieties each exceed the one 
percent point for probable significance. Conversion of the estimates of stand 
to space occupied materially reduced the variability in this test. In the case 
of columns Ve exceeded Vc and the F values for rows and varieties, while 
still exceeding the one percent point and the five percent point, respectively, 
are less than half as great as when hills were used as the measure of stand. 

Since stands in this test were relatively good, as evidenced by the variety 
means and the general mean, some further comment may be warranted. As 
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the n u m b e r of hills in a given length of row would be influenced by the 
basic spacings used by the different laborers the differences, if any, would 
be found in the co lumn means of the table . T h e F value for co lumns in
dicates tha t highly significant differences for hills d id exist. However , when 
space occupied was used as the est imate of s tands no significant differences 
between co lumn means were found. 

T h e est imate of space occupied would p robab ly be of the most value 
as a measure of s tands o b t a i n e d by mach ine t h i n n i n g . Usually an appreci
able p o r t i o n of the hills in mach ine - th inned sugar beets conta ins more than 
one p l a n t a n d there is less uni formi ty of the space be tween hills t h a n with 
hand - th inned stands. Bo th of these factors tend to make estimates of s tand 
based on counts of p l an t s or hills more or less unreal is t ic . Unfo r tuna te ly 
da ta on the s tand of a mach ine - th inned field of sugar beets by all three 
methods of es t imat ing s tand were no t ob ta ined . I t seemed possible tha t 
some of the p o p u l a t i o n s studies conduc ted at For t Col l ins in previous years 
had some of the characteristics of a mach ine - th inned s tand. It was found 
tha t s tands for all p lots of the popu la t i ons study conduc ted in 1949 had 
been recorded as the condi t ion of each hill , i.e., 1, 2- or 3-plant hill or 
b lank hill , in sequence for each row of the plots. Since 8- a n d 12-inch 
spacings and var ious combina t ions of blanks, 1-, 2- a n d 3-plant hills were 
used in this e x p e r i m e n t p a r t of the variables to be expected in machine-
t h i n n e d s tands were p robab ly represen ted in these plots . However , 8 inches 
was the m i n i m u m spacing of any t r ea tmen t in this e x p e r i m e n t and thus 
there were n o n e of the very close spaced hills often present in machine-
th inned stands. 

Obviously it was now impossible to measure the spaces which were 
between the hills of these plots a n d it was, therefore, necessary to assume 
that the p l a n n e d spacings, 8- or 12-inch respectively, had been a t ta ined . 
Using this assumpt ion a n d the definit ion of unused space previously given 
the total hills, total p l an t s a n d occupied space for each plot were calculated. 
T h i s study was of eight t r ea tment s g rown in six r andomized blocks. T h e 
plots were 60 feet in length a n d 8 rows in wid th . All da t a are from the 
six inside rows of each plot . Since, by definit ion, all space is occupied 
unless the distance be tween hills exceeds 16 inches single skips in 8-inch 
stands were ignored; two adjacent skips charged wi th 8 inches of unused 
space, etc. 

In the case of 12-inch spacings single skips were charged with 8 inches 
of unused space, two adjacent skips charged with 20 inches, etc. Da t a for 
s tands as hills, p lan t s or occupied space for this expe r imen t are presen ted 
in T a b l e 2. T h e recorded yields of roots are added in the last co lumn of 
this table as of possible interest . 

As Ve exceeds Vb for all three estimates of s tand a n d the block means 
have been omi t t ed as of no p robab le interest . Since the t r ea tments in this test 
were designed to ob ta in large s tand differences the F values for the three 
est imates of s tand, while very great , are p robab ly of l i t t le impor t ance . In 
this case the convent iona l analysis of var iance for a r a n d o m block test gave 
l i t t le in format ion on the three estimates of s tand, except t ha t the space 
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Table 2-—Thinned Stands and Acre Yields of Roots, Populations Study, Fort Collins, 
Colo., 1949. Stands Expressed as: (1) Hills Per 100 Feet of Row, (2) Plants per 100 Feet of 
Row, (3) Percent of Row Length Occupied by Sugar Beet Plants. Data Given as 6-Plot 
Averages. 

occup ied es t ima te r e su l t ed ix\ t he lowest s t a n d a r d e r r o r va lue a n d a lower 
difference lo r p r o b a b l e significance t h a n e i the r of the o t h e r m e t h o d s o l 
e s t i m a t i n g s tands . 

H o w e v e r , e x a m i n a t i o n of the t r e a t m e n t m e a n s of the s t a n d es t imates 
shows some in t e re s t ing compar i sons . T a k i n g f i rs t t he 8- a n d 12-inch full s t ands 
of s ing le -p lan t hil ls , t h e p l a n t o r hi l l c o u n t e s t ima te i n d i c a t e d t h a t the 
12-inch spac ing fell on ly s ix- tenths of a p e r c e n t shor t of ave rag ing a "perfect 
s t and whi le the same es t imate i n d i c a t e d t h a t t he 8-inch spac ing was 9 
p e r c e n t shor t of a per fec t s t and . W h e n occup ied space was used as t he 
m e a s u r e of s t ands for these two t r e a t m e n t s equa l i t y of t he s t ands was indi
cated. Inc iden ta l l y , the yields of roo t s were also a p p r o x i m a t e l y the same 
for b o t h . P r e s u m a b l y mos t of t he skips in t he 8-inch s t a n d were one-hi l l 
skips a n d d i d n o t effect t he e s t ima te of occup ied space a n d also p r o b a b l y 
had l i t t le effect on the yield. 

A n o t h e r case is t h a t of t he 8-inch s t a n d in wh ich o n e - t h i r d of t he hills 
were skips a n d two fifths of the r e m a i n i n g hil ls c o n t a i n e d 2 or 3 p l a n t s 
each. In this case t he e s t ima te of s t and by hil ls i n d i c a t e d sl ightly m o r e 
t h a n a full s t a n d by the c o n v e n t i o n a l s t a n d a r d of 100 hil ls p e r 100 feet of 
row a n d if t he e s t ima te based on to ta l p l a n t s is used a th ick s t a n d was 
i nd i ca t ed . H o w e v e r , when space o c c u p i e d was used as t he e s t ima te of s t and 
for this t r e a t m e n t i t b e c a m e obv ious t ha t i t was n o t a full s t a n d a n d t ha t 
on ly a b o u t n i n e - t e n t h s o f t h e a rea was ac tual ly used to p r o d u c e t he c rop 
whi le t he o t h e r t e n t h was u n p r o d u c t i v e . T h e yield of roots was also signifi
can t ly lower t h a n t h e yields from full s t ands ; an a d d e d i n d i c a t i o n t h a t space 
was n o t fully used by the sugar bee t p l a n t s . 

In t h e case of t he last four t r e a t m e n t s g iven in the table , all 12-inch 
spac ing , b u t wi th different p r o p o r t i o n s of b l a n k hills a n d wi th 1, 2 or 3 
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plan t s in each bee t -conta in ing hil l , i t is obvious tha t the s t and est imates 
based on total p lan ts , while comparab le a m o n g themselves, are qu i t e mis
leading. T h e s tand estimates based on total hills arealso comparab le a m o n g 
themselves and since the basic spacing for all hills was the same they are 
fairly good estimates of the ac tual s tands. However , the est imates of space 
occupied by the stands of these four t r ea tments are p robab ly jus t as accurate 
as those based on total hills a n d show tha t the actual s tands were slightly 
be t ter t han indica ted by the la t ter me thod . 

Conclus ion 

T h e proposal to use an est imate of the space occupied by the p lan t s as 
a measure of t h i n n e d stands of sugar beets is advanced. Some of the assump
tions tha t must be m a d e to ob ta in such an est imate are discussed. Examples 
are given to indica te tha t the m e t h o d is more accurate t han estimates of 
s tand based on e i ther the total p l an t s or total hills in a given l eng th of row. 
T h i s est imate of space occupied will p robab ly be most useful as a measure 
of stands of mach ine - th inned sugar beets. More evidence is needed on 
this po in t . 
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