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Considerable work has been done in recent years on the
effect of crop rotations (3)* and cropping sequence (5) on sugar
beets. Carlson and Herring (1), working with soils of southwest
Kansas, found the response cf sugar beets to nitrogen and phos-
phorus quite variable from one location to the next.

Crops grown on irrigated soils of Southwest Kansas respond
readily to nitrogen application and in some areas phosphorus
may prove beneficial. The study reported herein was undertaken
in 1951 to determine the effects of three basic crop rotations in
combination with manure and commercial fertilizers on crop
yields.

Materials and Methods

The study was located on the Irrigation Project of the Garden
City Branch Experiment Station. The soil was Ulysses clay loam,
deep, medium texwured, with moderately permeable subsoil and
substrata. Some salinity was present. The soil is alkaline (pH
-~ 8.03).

The site was plowed out of alfalla in 1948 and a uniform
crop of sugar bcets was grown in 1949. In 1950 the south half
of thce area was cropped to field beans and the north half to
grain sorghum.

Table 1.—Crops Involved and Their Seguence in a Rotation Study Conducted at the
Gurden City Branch Experiment Station, Garden City, Kansas.

Rotation
Year Alfalfa (1) Sweetclover (2) Non-legume (3)
1 (1951) Alfalfa Grain Sorghum {m) Winter Wheat
2 (1952) Alfalfa Oats and Sweetclover srain Sorghum (m)
3 (1953) Alfalfa Sweetclover Sugar Beets
4 (1954) Grain Sorghum Grain Sorghum Grain Sorghum
5 (1955) Sugar Bects (m) Sugar Deets (m) Sugar Beets (m)
6 (1956) Spring Oats Spring Oats Spring Oats
7 (1957) Winter Wheat (m) Winter Wheat Winter Wheat

() Manure applied at a 10-ton-per-acre-rate cn one-half the main plot where designated.

1 Contribution No. 20, Garden City Branch Experiment Station, Kansas Agricultural Ex-
periment Station, Manhattan. Published with the approval of the Director of the Kansas
Agricultural Experiment Stati

2 Assistant Agronomist, Kansas State University.

SNumbers in parentheses refer to literature cited.
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Figure 1.—Sub-plot diagram ol the rotation study. Trrigation project,
Garden City Branch Experiment Station, Garden City, Kansas.

Crop rotations of the study are all of seven-year duration.
During the last tour years, crops grown were the same for each
of the rhree votarions (Table 1), Sugar beets occur as the fifth
year crop. The non-legunie votation contains an additional crop
of sugar beets grown during the third vear.

Main plots, which were 145" x 557, were split longitudinally
for the application ol 10 tons per acre of barnyard manure twice
during the seven year period on the same sub-plots.  Manure
was applied beflore scedbed preparation for sugar beets {vear 5)
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and as a winter top dressing to wheat (year 7) on the alfalfa
rotation. For the sweetclover and non-legume rotations manure
was applied prior to seedbed preparation in years 1 and 5 and
2 and b respectively.

Each sub-plot was further divided into 4 sub-sub-plots for
application of 2 levels, 0 and 40 pounds per acre, each of nitrogen
and phosphorus alone and in combination. N and P.O; were
applied annually, except for legumes which received 120 pounds
per acre of P.O; in the alfalfa rotation and 80 pounds per acre
of P,Oj5 in the sweetclover rotation prior to seeding those crops.
Nitrogen was broadcast before seeding sugar beets. Phosphorus
was banded below and to the side of seed at planting.

Each main plot of the study was duplicated. Crops in cach
year of all rotations werc grown every year, making a total of
42 main plots.

Moisture was maintained at an adequate level by irrigating
several times during the growing season. Approximately 6 to 8
inches ol water was applied at each irrigation. The number of
irrigations varied from year to year depending, to some extent,
on seasonal rainfall.

Table 2.—Efect of Crop Rotation on Yield, Sugar Content, and Gross Sugar Production
of Sugar Beets, 1954" Throungh 1957, Garden City, Kansas.

Rotation Tons Per Acre o7, Sugar Gross Sugar (cwt./A.)
Alfalfa 17.0=— |—— 13.2 :..T— 44.9- |
N.5. N.S NS
Swectelover 17.6— I * 83— 464 _|
ek ‘ ok ik NS
| | 1
Non-legume 15— ] 144 ———— 43.5— —
LS.D. 5% 1.5 0.5 N.S.
LSD. 19, 2.1 0.7

# Significant at the 59 level,
2% Significant at the 19 level.
1 Sugar heets grown in 1954 were preceded by only 2 yvears of alfalfa.

Results and Discussion
Tonnage and sugar content were affected significantly by crop
rotation (Table 2). Sugar beets grown in the sweetclover rota-
tion produced the highest root yield, exceeding the alfalfa and
non-legume rotations by 0.6 and 2.6 tons per acre respectively.
Percentage of sugar in the beets was markedly increased when no
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legume was involved in the rotation. The reduction of percent
sugar following legumes tended to nullify their effect when total
sugar production was considered.

Table 3.—FEffect of Manure on Yields, Sugar Content, and Gross Sugar Production of
Sugar Beets.

T/A
Treatment 1951 1952 1953 1954 1955 1956 1957 Average
No manure 12,67 19.0 11.3 15.8 10.5 16.4 18.7 14.9
#* NS, N.S. wE ki * N.S. i
Manure 13.9 19.8 11.6 17.0 156 19.2 18.9 16.6
o Sugar
No manure 9.2 14.5 16.1 14.1 13.3 13.2 15.4 13.7
* * il NS NS N.S. N.S. ik
Manure 9.8 14.1 15.0 14.0 11.9 12.4 14.7 13.1
Gross Sugar (cewt./A.)
No manure 23.5 55.0 36.6 44.3 28.2 42.8 57.5 41.1
* N.S. N.S. * #* N.S. N.S. %
Manure 27.1 55.7 35.7 48.9 36.5 47.5 55.5 45.8

1 Averages of 3 rotations and 4 fertility levels.

“Significant increase or decrease at a 59, confidence level.

#8ignificant increase or decrease at a 19, confdence level

Ten tons of manure applied prior to seed bed preparation
increased the yield of roots by 1.7 tons per acre, significantly
decreased sugar content of the beets by 0.6 percent and increased
gross sugar yield significantly. The favorable influence of
manure is in agreement with findings of other workers (2, 4).
However, Gardner and Robertson (2) found no significant re-
duction of sugar content when from 10 to 15 tons of manure
per acre was applied.

The quality of manure applied varied somewhat from year
to year. This may account for a part of the variability of response
when individual years are considered.

From a complete analysis of variance, it was determined that
a significant interaction between manure and rotation occurred
for both yields of beets and gross sugar. This was due to a change
in the magnitude of response among the three rotations. Re-
sponse was greatest on the non-legume rotation followed by
sweetclover (Figure 2).
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Figurc 2.—Magnitude of response [rom manure applied to three crop
rotations.

The 40 pounds per acre of nitrogen and phosphorus produced
statistically significant increases in root yield, compared to the
check plot, when either was applied alone. When N and P.O,
were applied in combination an average increase of 2.5 tons of
beets per acre, over the check, resulted. The combination of
nitrogen and phosphorus significantly increased gross sugar by
5.2 cwt. per acre for the 7-year period. Nitrogen ;1pp|ied alone
or with phosphorus reduced the sugar content by 0.5 percent
when compared to the check. Applu_d phosphorus had no- effect
on sugar content.

Commercial fertilizers did not interact significantly with
manure or rotations.

Summary

A study was conducted on the Irrigation Project of the Garden
City Branch Experiment Station to determine the effect of three
basic crop rotations combined with manure and commercial fer-
tilizers on crop yields.

1. Beet yields were increased significantly by legumes grown
in the rotation. However, total sugar was not increased sig-
nificantly.
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2. Manure, applied at a vate ol ten tons per acre, proved bene-
fictal with the greatest response occurring on the non-legume
rotation.

3. Application ol 40 pounds per acre of N and PO, in com-
bination increased total sugar production by 5.2 cwt. per acre
as compared to the check plot

4. Alfalfa and swecrclover grown in the rotation significantly
reduced the sugar content of beets, as did 40 pounds of nitrogen
and 10 tons per acre of manure,

Table 4. —Effect of Nitrogen and Phasphorus on Yield, Sugar Content, and Gross Sugar
Production of Sugayr Beets Grown in Three Rotations, Garden City, Kansas.

Tons per Acve

Years
Treatment 1951 1952 1953 1954 1955 1956 1957  Average
Check 13.4¢ 1R.7 10.7 14.7 1.2 16.3 17.4 14.6
AUEN/ A 135 19.4 10.9 174 12.5 18.1 19.1 15.8
TOFEPO:/A 3.5 18.8 1.7 1.0 13.2 17.9 17.2 15.5
AOEN - A0 P0L7A 12.8 20.8 12.5 17.8 1n.2 19.1 21.1 17.1

LS. 19 1.3 1.3 2.8 N.S. NS, 0.9
1.8.D. B9 NS. N.5. [IAY 0.9 2.0 1.9 2.8 7

o, Sugar

€ hweck a3 14.6 16.3 1.5 12.8 13.2 5.3 13.7
AOEN /A 7 13.4 15.8 13.5 121 2.5 i1.6 152
HEP0:/A 0.5 i4.8 137 145 15.4 13.2 11.7 17
HnN-A0EP0 /A 9.1 3.8 153 138 1.3 124 15.4 13.2
SN 19, 0.9 0.6 0.6 NS 04
5.0, B, NS (L6 0.5 0.4 N.8, 0.8 PSS 0.3
Gross Sugar {¢wt./AL)
Check 25.1 51.7 418 12.6 8.3 2.5 54.2 10.3
AOEN /A 26.1 51.0 3.7 46.3 28.9 117 5.2 A
PO/ A 258 53.6 36.7 6.4 3.1 46.9 50.0 12.4
A0EN F10FP0:/A 21.2 370 38.5 8.9 371 6.6 65.7 5.5
.50 1y NS NS NS 2.9
LS. 5% N.S. N.S. N.S. 36 6.1 NS, 8.9 2.0

T Represents an average of all rotation und manure freabments,
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