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Considerable work has been done in recent years on the 
effect of crop rotations (3)3 and cropping sequence (5) on sugar 
beets. Carlson and Herring (1), working with soils of southwest 
Kansas, found the response of sugar bee ts to nitrogen and phos­
phorus quite variable hom 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 vvas located on the Irrigation ProjeCt of the Garden 

City Branch Experimen t Station. The soil was Ulysses clay loam, 
deep, medium textured, with moderately permeable subsoil and 
substrata. Some salinity was present. The soil is alkaline (pH 
~.~ 8.03). 

The site was plowed out of alfalLl in 1048 and a uniform 
crop of sugar beets was grown in 1949. In 1930 the south half 
of the area was cropped to field beans and the north half to 
grain sorghum. 

Table I.-Crops Involved and Their Sequence in a Rotation Study Conducted at the 
Garden City Branch Experiment Station, Garden City, Kansas. 

Rotation 

Year Alfalfa (I) Swectdo\,cr (2) Non·legume (3) 

(1951 ) AI falfa Grain Sorghum (m) Winter Wheat 

( 1952) Alfalfa Oats and SweclcIover Grain Sorghum (m) 

(1953 ) Alfalfa Sweetclover Sugar Beets 

4 (19154) Grain Sorghulll G rain Sorgh lim Grain Sorghum 

(1955 ) Sugar Beets (m) Sugar Beets (m) Sugar Beets (In) 

(1956 ) Spring Oats Spring Oats Spring Oats 

(1957 ) Winter Wheat (m) vVinter \ 'Vheat Winter Wheat 

(m) i\IIanure applied at a lO-loll-per-3cre-rate on one -half the main plot where designated. 

1 Contribution No. 20, Garden City Branch Experiment Station ,. Kansas Agricultural Ex ­
periment Station , ~'Ianhattan . Publi shed v.l ith the approval of the Director oE the Kansas 
Ag-ricuilurai Experiment Station. 

" 	 !! Assi stant Ag ronomist, Kansas State University. 

3N umbers in parentheses refer to lit e rature cited. 
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Figure 1 diagram of the rotation study. Irrigatioll 
Garden City EXI'l'I'illlent Station. Garden City. Kansas. 
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:J:Y, "ere ~plil long-itudinally 
for the application 01 10 tons per acre of barnyard manure twice 
during the SCH'll year period on the sallie sub-plots. .\Ianlll'(, 
\\'as applied belore st'cdbed preparaLion for sug-ar beets 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 5 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. Nand P"Oii were 
applied annually, except for legumes which received 120 pounds 
per acre of P"Oii in the alfalfa rotation and 80 pounds pn acre 
of P"05 in the sweetclover rotation prior to seeding thosf' crops. 
Nitrogen was broadcast oefore seeding sugar beets. Phosphorus 
was banded below and to the side of seed at plantin·g. 

Each main plot of the study was duplicated . Crops in each 
year of all rotations were grown f'very year, making a total or 
42 maiu plots. 

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

Table 2.-Eflect of Crop Rotation on Yield, Sugar Content , and Gross Sugar Production 
of Sugar Beets, 1954; Through 1957, Garden City, Kansas. 

Rota(ion Tons P cr Acre % Sugar Gross Sugar (CWI';A.) 

Alfalfa 17.0 13.2 

I I 
N.S. N .S. 

1 I I 
Swt'ctciovCf 176-- 13.2= · - 1 * 

1 

44.9-­

1 
N.S. 

1464-_ 
. I 

N.S.** ** ** 
1 14.4 __1 1Non-legume 15.0-- I 43 .5-_

L.S.D. 5 % 1.5 0.5 N.S. 

L.S .D. 1% 2.1 0.7 

'" Significant al the 5% leve l. 

** Sig nificant at the I% level. 

1 Sliga r bee ls gTo wn in 19'>4 were preceded by onl y 2 years of alfalfa. 

Results and Discussion 
Tonnage and sugar content were affected significantly by crop 

rotation (Tabl e 2). Sugar bee ts grown in the sweetclover rota­
tion produced the highest root yield, exceeding the alfalFCl. and 
non-legume ro tations 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 
sligar production was considered. 

Table 3.-Effect of i\'[anure on Yields, Sugar Content, and Gross Sugar Production of 
Sugar Beets. 

T / A 

Trea tmen t 1951 1952 1953 1954 1955 1956 1957 Average 

No manure 12.6 1 19.0 11.3 15.8 10." 16.4 18.7 14.9 
;:: N.S . N.S. ** *';: N.S. ** 

\ '[ anure 13.9 19.8 11.6 17.0 15.6 19.2 18.9 16.6 

% Sugar 

No manllre 9.2 14 .5 16 .1 14.1 13. 3 13.2 15.4 13.7 

'" * ** N .S. N .S. N.S. N.S. :;'::;' 

~!ranure 9.8 14 . 1 15.0 14 .0 11.9 12.4 14.7 13 .1 

Gross Sugar (nvt.jA. ) 

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. ** 
i'v[anure 27.1 55 .7 35. 7 48. 9 36.5 47.5 55.S 43.8 

1 .'\.\'era~cs o[ 3 roUIt ions and 4 fert ilit ), levels. 

:':Sig-nifl cant in crease or decrease ttl a 5 0/0 confidence level. 

:f::::Significal1t increase or decrease 3t J I % confidence leve l. 

Ten tons of manure applied prior to seed bed preparation 
increased the yield of roots by 1.7 tons per acre, signifi.cantly 
decreased sugar content of the beets by 0.0 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 appli ed va ried somewhat from year 
to year. This may account for a part of the variabi lity 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 du e to a change 
in the magnitude of response among the three rota tions. R e­
sponse was greatest on th e non-legume rotati on followed by 
sweetc10ver (Figure 2). 
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Figure 2.-Magnitude of response hom manure applied to three crop 
rota tions. 

The 40 pounds per acre of nitrogen and phosphorus produced 
statisticall y signifi cant increases in root yield, com pared to the 
check plot, when either was applied alone. vVhen Nand P20 5 

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 applied alone 
or with phosphorus reduced the sugar con tent by 0. 5 percent 
when compared to the check. Applied phosphorus had no· effect 
on sugar content. 

Commercial fertilizers did not interact signifi.cantly 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 th e rotation. However, total sugar was not increased sig­
nificantly. 
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2. I\farml'e. applied at a rail' of lell tollS per acre, prmed bene­
ficial with (he cst response occulTing on the lIon-kgume 
rotation. 

:l. /\ppl ita! ion or 40 per ane of :\ and PeO .. in rom­
binatioll increased total union by ,").2 cwt. per aor 
as compared to the chcck 

4. Alfalfa and s\\Tcrdo\'lT grown in the rotation significantly 
reduced the sugar (ontcnt o[ as did 40 pOllnds of nitrogen 
and to tons per acrt' of manure. 

T~bl(' 4.-Eife("t of l'.'itn>gcB and I'hosphorus on \,jeld. Sugar (:ontt'nt, and (~ro~s Sug.o 
Produ(,tion of Sug-ar Ikf't'i GnHHl in ThH't" ROLttion't (;ardt'n City, Kan"}a"l. 

Tons pcr Aue 

Years 

TtTatnwl1i 19!)! J952 I!;~~ I%~ 1~J,)5 19:'6 1%7 ,4.verag(" 

Check 13.1 ' I R.7 10.7 14.7 Il.~ 16.3 J7.4 14.fi 
"W~:\'/'\ 
IO;t!P,O . .<\ 

1:11 
I~.f) 

1(1.4 

I H.H 
1i!'1 
11 7 

J7.1 
II;'il 

12:J 18.1 
17,9 

19,1 
172 

'''.R 
J :),5 

W::;::\ '10::;:1',,0./\ l~.H ~II.~ 12.:~) I7.R EI,2 1(11 211 I7.l 

I..S,]). 1°'". 1.:, 13 N.S. 1': ..". 0.9 

LS.D. 5Si 
; "S. " .S, 0,0 0.0 2.0 J9 2,8 0.7 

SUgar 

(hecl 
111';:;:"\ '\ 
LO,f':I'"O,/ A 

10#1'20 

9.1' 
9.7 

(l.1 

14.G 
13.9 
i,LR 
1:~.H 

Ii),;) 

1'i.H 
15.7 
15.~) 

lfL!) 1:l.x 
12.1 12,,~} 

1:l.:~ 

12.1 

Ji'i.3 
il.6 
11.7 
15.1 

1:1.7 
J:1.2 
U.7 

L.s.n, 
L.S.[), :\ .S. 

(),Q 

O.'i 

O,li 0.1i " .S, 

_'.S. 0,3 

(;ross Su~at' (fwt./A,) 

25.i 1.7 ':l.~ 12.0 

'>0.0 

111.1 
2G.I "·1.0 :11,7 11.1 

40,;:;:I',O"/A 	 25.R :'3.6 :H;.l Hi.4 
lO,;:;:l',O;/A 2'1.:..! ,7.:i :)~,:) (t).q 37.1 lG.6 f),;,7 'L'L,) 

L S.D, N.S. "\ ,~. '-:.S. '2.7 


L S.D. N,S. :\ .'i. ?\ .S. 3.G 6.1 89 Z.O 


RepreSC'llts an avera,ttc of all rot;!tioll ~lIId rn~l!1tll(, IrC'a(IIH'ots, 1 
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