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The composition ol sugar beets was reported by Dunn and
Rost (4)* to vary according to the conditions under which the beets
were grown. Various i(?l”tl ity practices were shown by Hill (5)
to produce large differences in the yield ol sugar beets on long-
ferm rotation t?.\'perimcnts at I,ethhridge, Alberta. This paper
reports the results of a study that was undertaken to assess the
effect ol soil fertility on the composition of sugar beets grown
in two rotations at the Ixperimental Farm, Lethbridge.

The two rotations involved in this experiment were set out
in 1929 with duplicate plots selected at random (ie., for the
8-year rotation 16 plots were requived) (5) on an old alfalfa
field which showed signs of phosphorus deficiency. One was an
8-year rotation consisting of whear seeded down ro alfalfa, 3 years
of alfalfa, wheut, 2 vears of sugar beets, and wheat. In thiy
rotation four management practices vesulting in four levels of
lertitity were [ollowed:

1. 30 tons of barnyard manure apphied to the wheat stubble
and plowed under in the fall preceding the first year of
sugar beets.

2. 100 pounds of fertilizer {(0-43-0 until 1948 and 11-48-0

since 1948) at the time of seeding with each of the two

sugar hcet crops.
3. Manure and fertilizer applied and handled as in 1 and 2.
4. No additions.

The other was a 4-year rotation consisting of wheat seeded
down to sweet clover, clover hay, and 2 years of sugar beets. In
this rotation six management practices were followed:

1. 20 tons ol barnyard manure applied to the sweet clover
stubble and pm\cd under in the fall pxccedmg the hrst
year of sugar bects. (Two crops of sweet clover hay were
removed.)

2. 100 pounds of fertilizer (0-43-0 until 1948 and 11480
since 1948 applied at seeding time with each of the two
sugar heet crops.

3. \me and fertilizer apphied and handled as in 1 and 2.
4, No additions,

fHead, Field Hushandey Section, and Agronomist, respectively, Experimental Iarm,
Canada Departnent of Agricultare, Lethbridge, Alberta,

# Numbers in parentheses refer o Hterature cited.
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Table 1.—The Effect of Management Practices on the 1956 and Long Term (1929-1956)
Average Yield, Sucrose Content, and Apparent Purity of Sugar Beets Grown in an Eight-Year
Rotation at Lethbridge, Alberta.

Root Yield Sucrose Content Purity
Treatment! Igg Av. 1956 Av. 7955 AW
Tons/Ac.  Tons/Ac. o o o %

First-Year Beets

Manure and fertilizer 14.59 20.53 16.0 15.6 87.4 85.0
Manure 11.92 19.39 16.2 15. 88.0 85.4
TFertilizer 1144 15.53 15.2 15.7 874 85.4
No additions 2.22 4.94 16.7 15.3 . 86.0 B4.2

Second-Year Beets

Manure and feruilizer 15.85 19.84 15.4 16.2 88.1 85.8
Manure 15.59 18.35 14.2 16.3 86.6 85.7
Fertilizer 11.80 15.19 14.9 15.8 B8.2 85.4
No additions 5.50 6.20 15.2 15.6 88.4 B4.6

130 tons manure plowed under in the fall preceding sugar beets and 100 pounds 11-48-0
applied at time of seeding sugar beets for each of the two crop years.

Table 2.—The Effect of Management Practices on the 1956 and Long Term (1929-1956)
Average Yield, Sucrose Content, and Apparent Purity of Sugar Beets Grown in a Four-Year
Kotation at Lethbridge, Alberta.

Root Yield Sucrose Content Purity
Treatment! 1956 Av, 1956 Av. 1956 Av.
Tons/Ac.  Tons/Ac. % % Yo Yo

First-Year Beets

Manure and fertilizer 16.534 20.98 16.6 16.7 88.3 86.0
Manure 13.51 19.87 16.5 16.7 87.4 86.3
Fertilizer 14.85 16.01 16.9 16.5 87.1 85.7
No additions 6.02 8.59 15.4 16.2 89.0 - 85.6
Green manure and 4

fertilizer 14.00 16.34 16.6 16.5 B8.8 86.3
Green manure 4.64 8.84 15.9 16.2 86.4 85.6

Second-Year Beets

Manure and fertilizer 17.88 19.58 16.3 17.1 88.1 86.4
Manure 14.78 17.67 15.4 16.8 87.0 86.6
Fertilizer 16.92 16.00 14.9 16.5 87.2 86.0
No additions 9.36 8.60 16.1 16.1 87.0 85.4
Green manure and

fertilizer 15.56 16.37 16.2 16.7 87.1 86.2
Green manure 9.54 8.36 13.7 16.0 85.1 85.0

120 tons manure plowed under in the fall preceding sugiar beets and 100 pounds 11-48-0
applied at time of seeding sugar beets for each of the two crop years,
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5. Second crop of sweet clover plowed under as a green
manure and lertilizer as applied in 2,
. Second crop of sweet clover plowed under as green manure,

Samples [rom all the sugar beet plots were taken from both
rotations i 1956 at the time of harvest. The roots were cut into
small cubes and dried at 180° ¥. to determine the moisture con-
tent. 'The dried samples were then ground and kept in glass
containers for analysis. The following methods were used for
determining the various constituents: Ash by ignition and total
nitrogen by Kjeldahl method (1), phosphorus by molybdate
method  (7), magnesium by versenate method  (2), calcium,
sodium, and potassium by means of the Hame photometer (6).

Results

The 1956 and Jong-term average yields, sucrose percentages,
and apparent purity lor both sugar beet crops in the 8-year
rotation are shown in Table 1. Comparable data for the 4-year
rotation appear in Table 2. The yield of dry matter and the
chemical content ol sugar beet roots produced in 1956 are shown
in Table 3 for the S-year rotation and in Table 4 for the 4-year
rotation.

Table 3.~The Effect of Managenmient Practices on the Mineral Content of Sugar Beet
Roots Grown in an Eight-Year Rotation at Lethbridge, Albera, 1956,

Dry
Treatment! Matter Ash N P K Na Mg Ca
LhiAc 4 A % %
First-Yvar Beets

Manure and fertilizver 6,157 2.71 0.92 3.004 1.148 0.205 | 0.¢287 1.092
Manure 5030 3.2 1.04 0,068 1410 0.310 0.504 0.116
Fertitizer 1828 2,98 0.68 0.086 IRLE 0.315 827 0.102
o additions 937 3.60 1.28 4.076 1.580 0185 (1.252 0.137
Average 4,238 315 1.06 0,081 1.327 0.254 0.278 (LR B 54

Second-Year Beets

Manure and fortliver 6489 3.62 1.06 3,121 1545 0.475 0.305 0,102

Manure 6,579 3.82 11z 09.097 F465 0.510 0.392 G114
Fertilizer R 366 1.12 {(.086 1.470 0.315 .508 0.134
~No additions 2321 44 1.06 0.064 1.628 1,255 0.806 G.132

Average 5.142 RIS 1.09 0.092 1477 0.389 .8328 0.121

L 80 tons manure plowed ander in the fall preceding sugar beets and 100 pounds 11-48-0
applied at time of sceding sugar beets {or each ol the two crop years,
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Table 4.—~The Effect of Management Practices on the Mineral Content of Sugar Beet
Roots Grown in a Four-Year Rotation at Lethbridge, Alberta, 1956,

Dry
Treatment! Matter  Ash N P K Na Mg Ca
Lb./Ac. 9 A a % % % %o

First-Year Beets
Manure and Ffertilizer 6,895 2.22 0.70 0.161 1.020 0.065 0.139 0.102

Munure 5,701 2.73 0.64 0.1649 1.265 0.130 0.142 0.087
Fertilizer 6,267 2.20 0.66 0.114 0.823 0.068 0.150 0.123
No additions 2,540 297 0.80 0.092 1.433 0.140 0.270 0.114
Green manure and
fertilizer 5,908 2.58 0.78 0.126 1.130 0.105 0.225 0.107
Green manure 1.958 2,92 0.85 0.081 1.198 0.195 0.291 0.125
Average 4,878 2.60 0.74 0.124 1.128 0.117 0.203 0.110

Second-Year Beets
Mianure and fertilizer 7,534 2.92 0.75 0.172 1.265 0.280 0.191 0.090

Manure 6,237 3.69 1.00 0.142 1.505 0.513 0.230 0.075
Fertilizer 7.141 277 0.72 0.138 1.103 0.210 0.274 0.091
No additions 3,950 3.09 .84 0.096 1.205 0.258 0.245 0.099
Green manure and
fertilizer 6,066 3.05 0.88 0.124 L.115 0.310 0.243 0.109
Green manure 4,026 3.52 1.00 0.099 1.315 0.415 0.184 0.114
Average 5,876 3.17 0.86 0,128 1.251 0.531 0.228 0.096

120 tons manure plowed under in the fall preceding sugar beets and 100 pounds 11-48-0
applied at time of seeding sugar beets for each of the two crop years,

Discussion
The striking differences in yield as shown in Tables 1 and 2
definitely point out the value of manure and phosphatic fer-
tilizer in sugar beet culture for southern Alberta. The sugar
content and apparent purity of the beets were not influenced by
fertility level to the same extent as was the yield.

As would be reasonable to expect, the dry matter content
closely paralleled the yield trends. There was no definite trend
in either the ash or nitrogen content of the beets. although the
application of phosphorus to the first-year beets seemed to result
in a lower nitrogen content ol the beet roots. Apparently, the
decomposition of the manure and green manure during the first
year ol sugar beet pmductitm resulted in more nitrogen being
available for the second-year beets, so that the nitrogen content
was higher in the roots of the second-year beet crop than in those
of the first-year crop. The effect of phosphorus fertilizer on nitro-
gen content was not as apparent in the second-year beets.

Phosphorus seemed to be the most limiting element in these
experiments, so the effect of phosphorus on the composition of
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the roots was very pronounced. An indication of the effect of
the barnyard manure on phosphorus availability may be seen
when the two rotations are compared. The 4-year rotation re-
ceived 20 tons of manure every 4 years, and beets from this rota-
tion contained more phosphorus than those from the 8-vear
rotation, which received 30 tons of manure every 8 vears. The
cffect of the decomposing barnyard manure on phosphorus
availability also is shown. In both rotations the sugar beets that
received neither manure nor fertilizer had the lowest phosphorus
content. Under the conditions of this experiment, the practice
of plowing under green manure was of little value. This was
probably due to the small amount of organic matter produced
by the second crop of sweet clover.

Potassium has not been a limiting factor in the production
of sugar beets in southern Alberta (3). The addition of phos-
phorus resulted in lower potassium content of the beets in every
case but one, which could be a reflection of the differences in
vield. The check plots, receiving no manure or fertilizer. pro-
duced low-yielding roots with a high potassium content.

No general patterns due to management practices were ap-
parent in the sodium, magnesium, and calcium content of the
sugar beet roots.

In no case were the differences in the amounts of the con-
stituents of the sugar beet roots very great. There were greater
differences in the amounts of these constituents as a result of
rotation practices than there were because of management prac-
tices within the rotation. Management practices within rotations
seemed to have a greater effect on yield than thev had on the com-
position of the sugar beet roots at harvest. Differences in chem-
ical composition may have important effects on the quality of
the sugar beet roots, although sugar content and apparent purity
within rotations in this experiment did not appear to be affected
by the chemical composition.

Summary

The addition of phosphorus fertilizer, barnyard manure, and
fertilizer and manure to phosphorus-deficient long-term rotation
experiments resulted in large increases in the yield of sugar beet
roots grown in the rotations.

The addition of phosphorus fertilizer resulted in higher phos-
phorus and lower potassium contents of the beet roots, and
seemed to lower the nitrogen content of the first-year roots.
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The addition of barnyard manure resulted in increased phos-
phorus availability in the soil as indicated by higher phosphorus
content of beet roots grown on plots receiving manure.

Chemical analysis of the sugar beet roots showed only small
variations in the composition of the roots.

Management practices within rotations seemed to have a
greater effect on yield than they had on the composition of the
sugar beet roots at harvest.
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