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sucrose. T he q uestion of whether high penetrability, or factors 
related to it , promoted sucrose synthesis is open to question as 
Guilbert indica ted . 

Methods 
Plots were located at the American Crysta l Sugar Company 

farm at East Grand Forks, Minnesota, on Bearden silty clay loam 
soil. This soil is formed on lacustrine sediments of preh istoric 
Lake Agassiz in the R ed River Valley of the North. It is high in 
organic matter, 9.6 % , decreasing with depth but extending 20-24 
inches deep. It has excellent natural structure and , consider ing 
the flatness of topography and fineness of under lying sediments, 
internal drainage is generally good. 

Sugar beets were grow n in a rotation of potatoes, wheat-clover, 
clover-fallow, beets. Each crop appeared each year in a random
ized block with six replicates. R ecommended fertilizer rates were 
used uniformly on all plots. 

The soil packing treatments were imposed on half of each 
plot each year betore planting. In 1955 this consisted of surface 
packing by running a tractor weighing about 2800 pounds back 
and fo rth across the packed plots. A second treatment consisted 
of loosening the soil three inches deep in the bottom of each 
plow furrow. The check plot had neither packing nor loosening. 

In 1957 and 1958 half of each plot was surface packed with 
a partially loaded truck driven across the plowed soil so as to 
cover the whole surface twice. The truck had a rear ax le load 
of 15,010 pounds with an est ima ted applied pressure at the soil 
surface of between 60 and 100 pounds per square inch . The soil 
surface was dry and loose when packed but was essent ia lly at 
held capacity below the surface few inches. After packing, th e 
soil was dragged lightly betore planting. 

R egular field equipment was used for seedbed preparat ion , 
planting, and cultivating. At harvest, beets were ha~ld topped 
after loosening with mechanical digger. 

Aggregat ion was determined by a single-sieve wet siev ing pro
cedure. Air permeability was measured through metal ca ns 
driven into the soil. These were removed after th e measure
ments for use in labora tory determination of porosity at 60 cm . 
tension and Ear bulk density by "wax coat ing. Penetrometer de
terminations were made with a recording penetrometer. 

Results and Discussion 
Sugar beet yields were lowered by surface soil packing in 

both 1957 and 1958 (Tabl e I). In 1957 this amounted to 1.7 
tons and in 1958, 4 tons per acre. The nearly three tons per 
acre average reduction on packed pl ots represented a 13% yield 
decrease. 
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aggregate stability was unaffected by the treatment. It is lower 
in all cases in this soil than one would expect from the high 
organic matter content. Nor did soil tilth appear to be poor 
probably due to flocculation resulting from a high CaC03 and 
CaS04 content (3). 

Bulk density in the 1 to 4 inch layer was highly significantly 
affected by compaction. It averaged in the two years 1.04 and 
1.17 for non-packed and packed plots respectively (Table 2). 
Subsequent studies have shown that packing affected bulk 
density to at least 18 inches. Air permeability in the 1 to 4 inch 
layer was lower each year on packed plots but was significantly 
lower only in 1957. . 

Porosity at GO centimeters moisture suction, roughly equiv
alent to "capillary" pore space, was lower at the .01 level both 
years (Table 2). Averages for the two years show a reduction 
from 14.3 to 8.9 percent from packing. It has been shown (1, 
II) that 10% to 15% air space is a thresbbold for aeration. The 
shock due to lack of air at critical periods, when air space was 
lowest due to rain, possibly accounts for the lower yields on 
packed soil. Furthermore, the time, following rain, for air space 
to reach the critical 15% level would be greater on packed plots. 

Figure I.-Seedbed after plowing packed plot, left, and nonpacked 
plot right. Soil in left photograph had been packed 14 months and two 
months previously. Both were plowed and dragged just before photographs 
were made. 
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Penetrometer measurements show higher values on packed 
plots significant at the .0 I level. Packed plots had a higher per
centage of large clods in April 1958 (before 1958 packing) even 
after the wetting-drying and freezing-thawing action of the severe 
winter. Figure 1 shows a comparison of the soil surface of packed 
and nonpacked plots following plowing of sweet clover June 19, 
1958. The packing treatment had been imposed in 1957 in a 
wheat crop and again in April 1958. Both were plowed and 
dragged just prior photographing. The unfavorable seedbed 
would be expected to seriously affect beet stands except for the 
fact that sugar beets were planted only after the cloddy surface 
weathered a year after packing. 

Table 3.-Elfect o[ Surface Soil Compaction on Sugar Beet Sprang-ling 

L.S.D. 
Year Not COJllpaCled Compacted .05 .01 

Percent b)1 Number 

1957 19.3 ~4 . 9 8.9 14.0 

1958 15.3 38.5 4.5 7. 1 

Percent by Weight 

1957 no 36.2 10.2 16.0 

1958 18.2 41.5 10.7 16.8 

Figure 2.-Selected beets showing typical sprangled and non-sprangled 
beets. 
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