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I N RECENT YEARS there has been a growing tendency among sugar 
beet growers both to widen fOW widths and to increase the spacing between 
beets within the row. The tendency to widen the spacing of beets within 
the row has no doubt resulted from the fact that increased spacing speeds 
both the hand-thinning and hand-topping operation. Increased row width 
spacing has largely developed along with the development and use of 
mechanical harvesting equipment. Most of the harvesting equipment in 
present use harvests one row at a time, and a reduction uf the number of  
rows per  acre has  great appeal to the  operator of this type of harvesting 
equipment. There is also a general feeling that rows should be wider than 
20 inches for machines and power equipment to operate most efficiently. 

The above considerations were largely responsible for the row width 
and spacing studies which have been conducted during the past :; years 
in the mountain states area, The main purpose of these tests has been to 
investigate the effect of increased row Viridths on production and to find 
out whether the spacing between beets within the row should he decreased 
as spacing between the rows is increased. 

Experilnelltal l\lethods and Procedure!'; 

All the row width and spacing tests utili�ed a split plot design. Each 
row width plot was 8 rows wide and 400 to 800 feet long. These strips 
were then divided into thrtee or four sub-plots to accommodate the within
the-row spacing treatments. This made each suh-plot R rows wide and 
approximately 200 feet long. The four center rows of  each 8 -row plot were 
weighed for the yield record, so that the yield record from each sub-plot 
was based on the weight of beets from 5 00 to 600 feet of row. The sugar 
analysis made on each plot was hased on two lQ -beet samples, In each test 
there was a minimum of four replicated plots of each treatment, and in 
the 1 946 and 1 947  tests there were six replicated plots of each treatment. 
Row widths tested varied for each of the 3 years, and the treatments are 
apparent from the various tables in which the experimental results are 
presented, 

Tests in 1 945 

The row width and spacing tests conducted at Granger, Utah, in  1 9 4 ,  
included a comparison of 20-,  2 6 - ,  3 2 - a n d  3 8-inch row widths, a n d  o n  
each row width S - ,  10 - ,  1 2 - a n d  1 5 -inch spacing of  beets within the row 
was compared. A general view of this plot is shown in figure 1, and the 
complete set of treatments and the data for each treatment are given in  table 
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1 .  It i s  evident from the data that maximum yield of heets per acre and 
maximum yield of sugar per acre were produced on 20�inch rows with 
1 2 �inch spacing of beets within the row. Increasing spacing within the 
row and increasing the spacing hetween rows decreased both tonnage and 
the sucrose content of the beets produced. There was a decrease of from 
600 to BOO pounds of sugar per acre as row width was widened from :2 () 
to 26 inches, and the loss of sugar per acre approached 2 ,O()() pounds, 
or 20 to 25 percent of the yield on 2 (hnch rows as the ro"v width \,vas 
wideneu to � R inches. 

It is also very evident from the data that optimum spacing within 
the row remained more or less constant regardless of row width. This fact 
indicates that distrihution of beets per acre

-
is more important than number 

of beets per acre. A distribution approaching a square, such as 1 2 � inch 
spacing on 20�inch rows, was much more efficient than where the space 
allotment per beet was extrernely rectangular in shape as was obtained 
with 8�inch spacing on 3R - inch rows. Under the conditions of this test, 
1 2 -inch spacing of beets within the row gave maximum yields. 

A more complete presentation and discussion of these data have heen 

previously reported ( 5 ) ." 

:l'fhe nllmbers in paroc:ntht'st's r.·kr to [ i t .:ra(llr..: ci!< J ,  
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Table 1 .  - -Effect of '·0,"," width a n d  >'I p a c i n g  of beels within thc ,' u w  on the �'it'"lrl and sucr""e 
cnntent of sugar heets grown at (;range' .. 1Tt.ab, 1 9 4 5 .  

Spacing in row 2 0  inches 

"'-inch spac:ng 
Beets per 3cr(' _ _ _ _ _ _ _  3 6 , 5 4 0  
T o n s  p e r  a c r e  _ _ _ _ _ _ _ _  2 8 . 4 8  
Sucrose p('rcentuge _ _ _  1 7 . 2 4  
Gross s u g a r  per acre _ 4 . 9 1 0  

I O-inch spacing 
il('ets pel' acre _ _ _ _ _ _  30,697 
Ton s  pPI'  acre _ _ _ _ 2 R . 2 6  
�ucrose pet'C'entage _ _ _  1 7 . 1 5  
Gl'OSS sugar p e r  acre _ 4 . R 4 4  

1 2 - i n c h  spacing 
Beets per acre _ _ _ _ _ _  2 5 , 7 i H  
T o n s  beets per acre " ;W .U7 
Sucrose percentage _ _  1f) .9�  
Gross sugar per RCl"e_ 5 . 1 0 6  

I 5-inch spacing 

Beets per acl"e _ _ _ _ _ _  2 1 , 0 1 0  
Tons p e r  acre _ _ _ _ _ _ _ _  2 fJ . 5 0  
Sucrose percent.age. _ _  1 6 . 6 0  
Gross sugar p e r  a c r e  4 . 9 0 1  

A verage f o r  r o w  w i dths 
Beets per acre_ _ _  _ _ 2X,50H 
Tons per acre _ _ _ _ _ _ _  2 9 . 0 8  
Sucrose percentage _ _ _  1 6 . 9 fJ  
Gross s u g a r  per a c ,·e _ 4 . 9 4 0  

Row widths as indicated 

26 inches 32 inches 
� - ---

2 fJ . 1 3 f; 2 4 , 5 6 0  
2 6 . 1 4  2 5 . 5 6  
1 6 . 7 8  1 6 . 2 4  
4 . :W 4  4 . 1 4 9  

2 -1 , 7 7 -1 2t1,�07 
2 6 . H 9  2 6 . 4 f(  
1 6 . 7 5  1 6 . 2 1-\  
4 . n O O  e H 5  

20,938 1 6,090 
2 8 . 4 0  2 6 .9B 
1 6 . 4 1  1 5 . 9 8  
"1 .61i5 4 . :H 2  

1 6 , 6;�(j 1 2 , ;1 1 2  
2 8 . 4 R  2 5 . 7 n  
I ji . 2 0  1 5 . 6 1  
,1 . 6 1 4  4 .0U-) 
2 2 , 8 7 1  1 8 , 4 1 2  
2 7 . 4 R  2 6 . 2 0  
1 6 .54 1 6 . 0 :1 
4 . 5 3 R  4 . U H l  

Replicated le;;t with f o u r  l'Ppl ication;; of e a c h  treatment. 

T CHts in 1 9· 1·6 

3 8  inches 

2 0 , 2 5 :1  
2 5 . 3 5  
1 6 . 1 6  
4 . 0 9 6  

1 6, 6 ;) 9  
2 5 . 2 4  
1 5 . fJ:l 
- L O I n  

1 �� , 8 6 2  
2 5 .76 
I 5 . 7 R  
1 . 0 6 0  

1 0, 6 2 6  
2 1) . 2 5  
1 5 . 1 1"  :-Lfl7[) 
15 , 3 45  
2 .') . H 5  15 . 70  
4 . 0 3 6  

Average for 
spacing in 

the row 

2 7,6 22 
2 6-,IS  
16.6 0  
4 . 3 X 2  

2 ;J , 2 2 B  
2 6 . 7 2  
1 6 . 5 ;� 
.1, . 4 1 1"  

1 9 , UiS 
2 7 . 1-\ 0  
1 6 .2!l 
4 . 5 ;�6 

1.'5.Hfj 
2 7 . 5 0  
1 5 . 9 0  4 .:Hi 

The decrease in yield i ll the 1 (4)" test was so rapiJ as row width 
was increased that further tests were conuucted III 1 <)4 6  to investigate a 
much smaller variation in row widths and to determine whether yields could 
be increased by in..::reasing the number of row,:.; per acre through the use of 
wide and narrow row width comhinations. Row widths studied included a 
1 2 -2 0-inch wide and narrow combination, 2 0-inch rows, anu 2 4 -inch rows 
Three variations on spacing w ithin each row width were compared. These 
within-the-row spacing comparisons \vere 9 .  ') inches, 12 inches, and 1 6  
inches. Maximum yields were again obtained with 1 2 - inch spacing within 
the row, and there was no indication that as row width was increased that 
there was any advantage in spacing the heets c1 t )Sl'T than 1'2 inches in  the 
row. 

The detailed data. on within-the-row spacing are not presented inas' 
much as i t  can be summarized by stating that within the limits of  75 to 
1 2 5 heets per l OO feet of row, there \ .... erc no sign ificant ui ffercnces in 
either yield or �ucrose content. 

Row width, however, uiu have a significant effect on the yield of both 
heets and gross sugar per acre. A summary of the row width Data for 1 946 
is given in tahle 2.  Yields decreased when row widths varied either way 
from 20 inches. Increasing row widths from 20 inches to 2 4  inches resulted 
in Cl uecrease of sugar per acre as follows : Washington 790 pounds ; Idaho 
1 , 3 3 2  pounJs ; South Dakota 2 5 0  pounJs : anJ Utah 676 pounJs. If this loss 
in sugar per acre is projected uver the entire acreage harvested by fanners 
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under contract to  the Utah-Idaho Sugar Company in 1 947,  the total loss 
in sugar would be in excess of 7 5 , 000,000 pounds or 7 5 0,000 bags of sugar, 
and this sugar would have a cash value of approximately $7 , 500,000. 

Table 2.- -EffE'ct of row width on the yield and sucrose content of sugar beets grown in fUllr 
western states in 1946.  

Tons o!_ beet���_ 
Sucrose percenta�.! 

___ 

Tons gross sugar 

1 2-20 12-20 1 2-20 
T,ocation inch 20-inch 2�-inch inch 20-inch 24-inch inch 20-inch 24-inch 
of tesb comb_ comh. comb. 

Washington _ 2 7  .2:� :HJ.02 2 7 .66 1 5 . 7 �  1 5.72 15_6;� 4_297 4 . 7 1 8  4 . 3 2 3  
Idaho _ _ _ _  2:U_2 25.52 2 1 .!�5 1 7. 80 1 7_50 1 7 .RO 4 . 1 2 1  4.466 :i.ROO 
South Da

-
k

-
ota _ _  IO .Ho  1 2 . n  1 2 . 4 4  1 7_00 1 7.!{0 16_70 1.R63 2.202 2 . 0 7 7  

Utah _ 2 6 . 4 !{ 2R.47 26.4� 1 4 . 0 1  I :U·O 1 3 . 4 5  3 . 7 0 :�  3 . 9 0 0  :�.562 
A\'erage - - - _ _  2 2 . 1 1  2 4 . 1 8  2 1 _98 1 6 . 02 16.05 1 5 . 90 3.496 :�_R21 3 . H 1  

Tests ill 1947 

As a result of the 1 946 tests, interest in the 1 {)4 7 tests was centered 
around various wide and narrow row width combinations, which would 
average the equivalent of 20· to 12 ·inch rows. The complete set of row 
widths tested is listed in table 3. The data from the two 1947 tests indicate 
that uniform width rows 20  inches apart produced higher yields than did 
any of the wide and narrow combinations averaging 20  inches. The data 
also support all  previous data which indicated a loss in production on all 
row widths wider than 20 inches. The 20-inch rows produced an average 
of )"04 pounds morc gross suga r per acre than the next closest row width 
treatment_ These tests indicated that wherever possible 20,inch rows should 
continue to he the standard row width, and that where a change is neces' 
sary to adjust to machines and power equipment, the next best row widths 
from the standpoint of maintaining production would be one of the follow· 
ing : 1 R ·2 4 - inch or 20 · 22 ·inch wide and narrow comhinations, or straight 
2 2 -inch. 

T a b l e  3.  Effect of va riou" r o w  widths and r o w  width combinations on t h e  y i e l d  and "UC I'OO:l(' 
contOi'nt of sugar beet!, as shown by t{'sts in Utah and Idaho 1 $147_  

Tons of beets pe.: _
acre

_ 
Sucrose percentage To

_
n�_�ss sugar 

Aver- Aver- Aver-
Row widths tested Utah Idaho Utah Idaho Utah Idaho 

16-22-inch combination _ _ _  1 9 26.48 1 9 . 5 0  22.99 1 3 . 0 0  1 8 . 9 0  1 5 . 9 5  3.450 a.6R6 3 . 5 6 8  
1 6-24-inch combinatio n _  _ _ _  2 0  2 6 _ 1 5  1 9 .49 2 2 .82 1 3 . 1 0  1 8 . 8 4  1 5 . 9 7  3.426 3 . 6 7 4  3.550 
18-22-inch combination _ _ _ _  20 27.76 20.08 23.92 1 2 . 8 6  1 8 . 8 7  1 5 . 8 7  3 . 4 5 4  3 . 7 9 1  3 . 6 2 3  
18-24-inch combination _ _ _ _ _  21 27.58 19.81 23.70 1 2 . H 7  1 8 .R 6  1 5.92 3.584 3.733 3.659 
20-inch rows _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 0 29.96 20.43 25.20 1 3 . 2 9  l f L 7 5  1 6_02 3.987 3_834 3 . 9 1 1  
22-inch rows _ _ _ _ _ _ _ _ _ _ _ _ _ _  22 2 8 _ 1 6  1 9 _ 0 1  2 a _ 5 9  1 3 . 1 8  1 8 . 4 0  1 5 . 7 9  3 . 7 1 6  3 . 4 9 7  3 . 6 0 7  
20_22_inch combination _ _ _ _ _  2 1  2 6 . 7 0  1 9 . 7 7  2 :l . 2 4  1 3 . 1 0  1 8 . 8 2  1 5 . 9 6  3 . 5 0 4  a . 7 1 6  a . 61 0 
2U-24-inch corn hination _ _ _ _ _  22 26.73 1 8 . 3 9  2 2 . 5 6  1 2 _ 9 !{  1 8 . 6 1  1 5 _ 7 7  3 . 4 3 7  3 . 4 2 1  3.429 
-----_.-

Discussion and SUlIllllary 

One of the fundamental objectives of sugar beet production is to 
establish the industry so that hoth the farmer and the processor can make 
a consistent, profitahle cash return on the capital and labor which they 
invest. Some of the factors on which the attaining of the ahove objective 
depends are : 



286 AMERIC.'N SOCIETY OF SUGAR BEET TECHNOLOGISTS 

1 .  - --High prouuctlOI1 per acre of high-quality beets. 
2 .--Lo\v produ.:tioIl costs per ton of beets produced. 
3 .-·Ful l  assurance that t h e  crop c a n  be produced by t h e  combined 

use of hand anu machine laboT. 
When these three fundamcntab have been assured, the industry will likely 
find the stabi lization which it so mcch desires. 

Any program which would achieve this goal must give due considera
tion to al l  three of the ahove factors . We might attain complete mechaniza
tion and still be handicapped by high production costs, or a low level of 
production comhined with decreased quality. 

Data presented ill this paper inJicltc that row \vidth is one of the 
factors which has an influence on both the level of production and the 
quality of the hects produced . In al l  tests, maximum yielus of both heet.s 
and sugar per acre resulted from 1 ] , inch \\,'ithin �the'row spacing on 20, inch 
rows. Other tests conuucteu in the mountain and inter�mouIltain area 
support these results ( 1 )  (2) ( 0 )  ( 4 ) . 

It is recognizeu that row \vidths must he wide enough to permit the 
use of machines and powt:r equipment. It is felt, however, that thought 
should he given to adapting machines and power equipment to those row 
widths which \\.'i1 1  maintain, as nedr as is possible, maximum production.  

More careful attention to field layout, and doing a precision joh of 
drilling will facilitate the USI.? of machines on the narro\ver ro\v widths. 
In  many cases \"\-'here machines have hau uifFiculties on 20-inch rows, most 
of the difficulty has occurred hecause of crooked rows and heca use of 
guess' rows, which in many places were l1;-lrrO\\'Cr than 20 inches. 

In no case should farm�rs in the mou ntain states widen row widths 
more than is absolutely necessary to 111al:c it possible to successful ly operate 
their power equipment. 
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